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Natrolite may not be a “soda-stone” anymore: Structural study of fully K-, Rb-, and  
Cs-exchanged natrolite 
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abStract

Since its first discovery in nature, natrolite has been largely known as a sodium aluminosilicate 
zeolite, showing very limited preference toward cation exchange. Here we show that fully K-exchanged 
natrolite can be prepared from natural Na-natrolite under mild aqueous conditions and used to subse-
quently produce Rb- and Cs-exchanged natrolites. These cation-exchanged natrolites exhibit successive 
volume expansions by ca. 10, 15.7, and 18.5% for K-, Rb-, and Cs-forms, respectively, compared 
to the original Na-natrolite. This constitutes the largest, ever-reported volume expansion via cation 
substitution observed in zeolites and occurs by converting the elliptical channels into progressively 
circular ones. The observed cation-dependent changes in the channel volume and shape thus show 
the flexibility limits of the natrolite framework and suggest the possible existence of compositionally 
altered analogues in suitable environments as well as a novel means to tailor the cation selectivity of 
this class of small pore zeolites toward various industrial and environmental applications. 
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IntroductIon

Natrolite was one of the first zeolites to be reported in the 
literature by the early 1800s (Klaproth 1803). It was named after 
the Greek words “natron” and “lithos,” meaning “soda-stone.” It 
is also one of the first zeolites whose crystal structures have been 
established early on by 1930s by Pauling and Taylor (Pauling 
1930; Taylor et al. 1933). Nonetheless, the unique chemical and 
structural characteristics of natrolite-group zeolites have contin-
ued to be discovered up to date. Many of these are owing to its 
flexible connectivity of the NAT-type framework, and pressure 
as well as temperature has been shown to alter the structure as 
well as the composition, in many cases, in unprecedented ways 
(Alberti et al. 1995; Belitsky et al. 1992; Gatta 2005; Joswig 
and Baur 1995; Lee et al. 2002a, 2002b; Williams et al. 2007). 
Baur and Joswig (1996) have observed four phase transitions 
involving volume contraction by dehydration (by ca. 20%) and 
subsequent expansions (up to ca. 6%) upon heating to 823 K. Re-
cently, hydrostatic pressure has shown to induce abrupt volume 
expansion (by ca. 7% near 1 GPa) and contraction (by ca. 4% 
above 1.2 GPa) by increasing the channel water contents from 
16 per unit cell to 24 and 32, respectively, the former showing 
relevance to the enigmatic origin of paranatrolite (Lee et al. 
2005). Nonframework cation substitutions, on the other hand, 
have only been successful via high-temperature melt exchange 
to fully replace Na with small univalent cations such as Li and 
NH4, which led to volume contractions by ca. 5% (Baur et al. 
1990). Larger cations such as Rb and Cs simply cannot access 

the narrow pores of natrolite at ambient conditions, and natrolite 
does not take up any significant amounts of smaller divalent or 
transition metal cations such as Ca, Co, Ni, Cd, and Zn, i.e., 
maximum exchange level of ca. 11% in case for Cd (Dyer and 
Faghihian 1998). Natrolite, therefore, has remained mostly being 
a “soda-stone.” In nature, however, there exist partially and fully 
Ca-substituted forms of natrolite, i.e., mesolite and scolecite, 
respectively (Artioli et al. 1986; Kvick et al. 1985). Naturally 
potassium-substituted natrolite, on the other hand, shows a 
very limited degree of exchange by ca. 2.5% (Meneghinello et 
al. 1999). The cation exchange property of natrolite has to be 
discovered to shed insight into the origin and crystal chemistry 
of the natrolite group minerals. It is interesting to note some 
inconsistent experimental results on the K-exchange into natro-
lite. Dyer and Faghihian (1998) achieved ca. 43% K-exchange 
level using concentrated nitrate solution at 333 K in three days, 
whereas almost full K-exchange was reported to occur using KCl 
solution at 130 °C in seven days (Yamazaki et al. 1987). Workers 
for the latter study also reported the structure model of the fully 
K-exchanged natrolite to have different K-H2O distribution in a 
ca. 10% expanded unit cell compared to the original Na-form. 
Soon after, Baur et al. (1990) used computer simulation on 
insufficient single-crystal data to propose that the K and H2O 
distribution in the fully K-exchanged natrolite would be similar 
to that found in the Na-form.

Natrolite belongs to the group of fibrous, small-pore zeolites 
with a NAT topology. This framework is composed of T5O10 
building units formed from linking five TO4 tetrahedra (T = Al, 
Si, Ga, Ge...). These units are then connected along the c-axis to 
form the so-called natrolite chains. The mode of linkage of the * E-mail: yongjaelee@yonsei.ac.kr


