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Thermodynamic and structural behavior of analcime–leucite analogue systems
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ABSTRACT
Two synthetic solid-solution series, analcime to Rb-leucite and analcime to Cs-leucite (pollucite),
have been investigated to understand more fully the thermodynamic and structural behavior of analcime-leucite and similar mineral systems. Unit-cell dimensions and volumes in these series expand
with the substitution of analcime component in either Rb-leucite or pollucite, as H2O molecules
structurally replace the smaller entities Rb+1 or Cs+1, respectively. Unit-cell volumes vary linearly as
functions of composition, but with changing slopes over several segments of compositional space,
akin to thermal expansion in K-, Rb-, and Cs-end-member materials studied by previous workers.
When symmetry changes displacively from tetragonal to isometric, as in the Rb-bearing series, the
slope of volume expansion changes. Once structures have reached full expansion, volume slopes
flatten and are little affected by additional analcime component. Enthalpies of solution measured at
50 ∞C in 20.1 wt% hydrofluoric acid show single-slope linear relationships over the entire compositional ranges of both series. Thus, despite positive volumes of mixing, there are no enthalpies of
mixing in either series, nor is there energetic evidence of displacive tetragonal/isometric inversion or
the various stages of structural expansion. Overall, the data suggest that the analcime–leucite system also
can be modeled as close to thermodynamically ideal. The limited solid solution between natural analcime
and leucite must be attributed to energetically favored heterogeneous equilibria involving minerals such as
feldspars and other feldspathoids, and not to immiscibility between the end-members.

INTRODUCTION
Thermodynamic mixing properties for solid-solution series
provide thermodynamic data for intermediate members of such
series and also are critical to an energy-based understanding of
mineral behavior. Indeed, positive energies of mixing are generally associated with the phenomenon of exsolution. Mixing
properties have been determined in this laboratory for alkali
(and Ca-bearing alkali) feldspars having various degrees of AlSi order, aluminous micas, and nepheline–kalsilite feldspathoids
having a range of Si contents (Hovis 1988, 1997; Hovis et al.
1991; Hovis and Roux 1993, 1999; Hovis and Navrotsky 1995;
Roux and Hovis 1996; Hovis and Graeme-Barber 1997; Hovis
et al. 1999). A potentially valuable addition to data for these
series would be mixing properties for the analcime (NaAlSi2O6·
H2O)–leucite (KAlSi2O6) system. Not only would this system
provide information on an additional framework silicate series, but it would also give energetic insight into substitutions
in mineral series that are necessarily coupled for reasons of
structure (discussed below) rather than electrical neutrality.
A difficulty in studying intermediate members of the analcime–leucite system is that naturally occurring specimens display extremely limited solid solution between the end-members
(Edgar 1984). Even in experimental studies, analcime shows
negligible dissolution of leucite (Edgar 1978). Yet, although
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leucite containing up to 40 mol% analcime has been produced
experimentally at 800 ∞C (1 atm) by Fudali (1963), leucite containing only 4 mol% analcime is apparently the stable member
of high-temperature mineral assemblages in larger chemical
systems that include silica content as a variable (Roux and
MacKenzie 1978). Moreover, the experimental study of these
materials is rendered virtually impossible by phase equilibria
that prevent the synthesis of either stable or metastable intermediate compositions.
It is possible to study the analcime–leucite system indirectly
by considering analogue substitutions involving Cs and Rb,
Na+1H2O = ■ (Cs+1 or Rb+1). These are systems for which compositionally intermediate members are either known in nature
( Černý 1974; Teerstra et al. 1992; Teerstra and Černý 1992) or
can be produced in the laboratory. For example, Burley and
Roux (unpublished data) found that intermediate members of
both Cs- and Rb-bearing systems exhibit conspicuous thermodynamic non-ideality in their unit-cell/molar volumes. These
analogue series, therefore, do provide the opportunity to model
the thermodynamics of analcime–leucite and to understand the
energetics of a structurally coupled substitution between hydrous and anhydrous framework silicate end-members.

CRYSTAL STRUCTURES
The structures of analcime, leucite, and analogue materials
such as pollucite (CsAlSi2O6) have been studied by numerous
workers (Taylor 1930; Wyart 1941; Naray-Szabo 1938a, 1938b,

