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Thermochemistry of stuffed quartz-derivative phases along the join LiAlSiO4-SiO2
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INTRODUCTION

Li 1-xAl 1-xSi1+xO4 aluminosilicates (0 ≤ x ≤ 1), which crystal-
lize in either the β- or α-quartz structure, are of considerable
interest for their unique physical properties and for the insight
they provide into general crystal-chemical systematics (Palmer
1994). The end-member β-eucryptite (LiAlSiO4) has one-di-
mensional superionic conductivity (Alpen et al. 1977; Nagel
and Böhm 1982), and hence it potentially can be used as a
solid electrolyte in lithium-based batteries. Intermediate com-
positions are common components of high-temperature glass-
ceramic products due to their near-zero thermal expansion and
appropriate viscosity for high-speed glass-forming (Beall
1994).

In addition, the LiAlSiO4-SiO2 join offers an ideal system
for investigations of Al/Si order-disorder behavior. In many
mineral groups, such as feldspars, Al/Si ordering is accompa-
nied by other phase transitions and by complex subsolidus
phenomena such as exsolution (e.g., Ribbe 1983). These
complementary reactions can make it very difficult to isolate
the effects that Al/Si ordering exerts on mineral thermochem-
istry. By contrast, stuffed quartz-derivative phases along the
LiAlSiO 4-SiO2 join are relatively simple in structure, and thus

ABSTRACT

Enthalpies of drop-solution (∆Hdrop-soln) of a suite of stuffed quartz-derivative phases with the compo-
sition Li1-xAl 1-xSi1+xO4 (0 ≤ x ≤ 1) have been measured in molten 2PbO·B2O3 at 974 K. Substitution of
Si4+ for Li++Al3+ results in more exothermic enthalpies of drop-solution, which is consistent with be-
havior seen in other crystalline and glassy aluminosilicates. Al/Si ordering serves to stabilize these
phases, and long-range ordering for compositions with x approximately <0.3 can be discerned in both
calorimetric data and in structural data obtained by electron and synchrotron X-ray diffraction (XRD).
In contrast, a structural but not an energetic discontinuity is apparent at x ≅ 0.65, which corresponds to
a compositionally induced α-β quartz transition with a small enthalpy of transformation.

An enthalpy for the Al/Si order-disorder reaction in β-eucryptite was measured as 25.9 ± 2.6 kJ/
mol. Standard molar enthalpies of formation of the stuffed quartz-derivative phases from constituent
oxides (∆H 0

f,ox) and elements (∆H0
f,el) at 298 K also are presented. ∆H0

f,ox = –69.78 ± 1.38 kJ/mol and
∆H0

f,el = –2117.84 ± 2.50 kJ/mol for β-eucryptite, which are in good agreement with results previ-
ously determined by HF solution calorimetry at 346.7 K (Barany and Adami 1966). The enthalpies of
formation of other compositions are reported for the first time.

they offer a better solid-solution series for studying Al/Si or-
dering.

The structure of quartz consists of paired chains of silica
tetrahedra that spiral in left- or right-handed helices about the
c-axis (e.g., Heaney and Veblen 1991). In β-quartz, these chains
obey an apparent sixfold screw symmetry, and they produce
open channels parallel to c. When β-quartz is cooled below
846 K at 1 bar, however, the expanded β-quartz framework
collapses displacively to the denser α-quartz configuration, in-
volving a space group change from P6222 or P6422 to P3221 or
P3121 .

While pure β-quartz is not quenchable, the incorporation
of certain small cations (such as Li+, Mg2+, and Zn2+) into the
structural channels can prop open the framework and stabilize
the structure of β-quartz at room temperature (Beall 1994).
Charge balance may be achieved by replacing a fraction of the
Si4+ ions by Al3+. In the LiAlSiO4-SiO2 system, the β-quartz
structure persists to room temperature for compositions below
x ≅ 0.67 (Beall 1994; Xu et al. in review). As expected, the
more siliceous compositions adopt the α-quartz modification.

Crystal structure analyses of the end-member β-eucryptite
have revealed that its translational periodicity is doubled along
c and a relative to β-quartz (Winkler 1948; Buerger 1954;
Schulz and Tscherry 1972a, 1972b; Tscherry et al. 1972a,
1972b; Pillars and Peacor 1973; Lichtenstein et al. 1998; Xu
et al. 1999a, 1999b). This superstructure arises from the order-
ing of Al and Si ions in alternate layers normal to c with con-
comitant ordering of Li within two distinct channels. However,
with increasing silica content for the Li1-xAl 1-xSi1+xO4 phases at
room temperature, the superstructure is gradually lost and dis-
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