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In-situ dehydration studies of fully K-, Rb-, and Cs-exchanged natrolites
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aBSTraCT

In-situ synchrotron X-ray powder diffraction studies of K-, Rb-, and Cs-exchanged natrolites be-
tween room temperature and 425 °C revealed that the dehydrated phases with collapsed frameworks 
start to form at 175, 150, and 100 °C, respectively. The degree of the framework collapse indicated 
by the unit-cell volume contraction depends on the size of the non-framework cation: K-exchanged 
natrolite undergoes an 18.8% unit-cell volume contraction when dehydrated at 175 °C, whereas Rb- 
and Cs-exchanged natrolites show unit-cell volume contractions of 18.5 and 15.2% at 150 and 100 °C, 
respectively. In the hydrated phases, the dehydration-induced unit-cell volume reduction diminishes as 
the cation size increases and reveals increasingly a negative slope as smaller cations are substituted into 
the pores of the natrolite structure. The thermal expansion of the unit-cell volumes of the dehydrated 
K-, Rb-, and Cs-phases have positive thermal expansion coefficients of 8.80 × 10−5 K−1, 1.03 × 10−4 
K−1, and 5.06 × 10−5 K−1, respectively. Rietveld structure refinements of the dehydrated phases at 400 
°C reveal that the framework collapses are due to an increase of the chain rotation angles, ψ, which 
narrow the channels to a more elliptical shape. Compared to their respective hydrated structures at 
ambient conditions, the dehydrated K-exchanged natrolite at 400 °C shows a 2.2-fold increase in ψ, 
whereas the dehydrated Rb- and Cs-natrolites at 400 °C reveal increases of ψ by ca. 3.7 and 7.3 times, 
respectively. The elliptical channel openings of the dehydrated K-, Rb-, to Cs-phases become larger 
as the cation size increases. The disordered non-framework cations in the hydrated K-, Rb-, and Cs-
natrolite order during dehydration and the subsequent framework collapse. The dehydrated phases of 
Rb- and Cs-natrolite can be stabilized at ambient conditions.
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inTroDuCTion

Temperature-induced structural changes in natrolite (Na16Al16 

Si24O80 × 16H2O, Fdd2, V = 2250 Å3) have been studied as early 
as 1890. The anhydrous monoclinic phase called metanatrolite 
was first identified optically by Rinne (Rinne 1890), and the 
presence of another anhydrous phase was subsequently observed 
to form at a lower temperature than metanatrolite (Hey 1932). 
In-situ temperature-dependent structural characterizations have 
confirmed three (or possibly four) different phases of dehydrated 
natrolite with successively larger unit-cell volumes ranging from 
metanatrolite at 275 °C (Na16Al16Si24O80, F112, V = 1785 Å3) to 
high natrolite at 550 °C (Na16Al16Si24O80, Fdd2, V = 1960 Å3) (Baur 
and Joswig 1996; Fang 1963; Reeuwijk 1972). High natrolite 
remains metastable when cooled to 100 °C where rehydration to 
postnatrolite (Na16Al16Si24O80 × 16H2O, Fdd2, V = 2183 Å3) takes 
place. Baur and Joswig (1996) concluded that in natrolite a higher 
orthorhombic symmetry would be favored above a unit-cell volume 
of ca. 1920 Å3 unless framework distortions are induced by non-
framework cations. Recently, Wang and Bish (2008) discovered 
that the natrolite-to-metanatrolite transformation depends on the 

partial pressure of water as well as temperature and a new phase 
of metanatrolite that is different from the original metanatrolite 
phase forms at lower temperatures and partial pressures of water. 
Understanding the influence of different non-framework cations 
on the dehydration of the natrolite phases has remained largely 
unexplored since natrolites have been known to show only limited 
cation exchange (Baur et al. 1990; Dyer and Faghihian 1998; Joswig 
and Baur 1995; Meneghinello et al. 1999; Yamazaki et al. 1986).

In a previous report, we have shown that fully K-exchanged 
natrolite can be synthesized from the original Na-natrolite under 
mild aqueous conditions and subsequently used to also make 
Rb- and Cs-exchanged natrolite (Lee et al. 2010). The structures 
of the hydrated phases at ambient conditions reveal a progressive 
widening of the elliptical channels as a function of the cation size. 
This was realized by a successive decrease of the chain rotation 
angle, ψ, leading to an increase of the unit-cell volume by ca. 10, 
15.7, and 18.5% for the K-, Rb-, and Cs-forms, respectively, when 
compared to the unit-cell volume of the original Na-natrolite. 
Here we report on the temperature-dependent dehydration of K-, 
Rb-, and Cs-exchanged natrolites using in-situ synchrotron X-ray 
powder diffraction and discuss the comparative crystal chemistry 
of the natrolites as a function of their hydration state and non-
framework cation type.* E-mail: yongjaelee@yonsei.ac.kr


