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Characterization of the high-temperature modifications of incommensurate
tridymite L3-TO(MX-1) from 25 to 250 8C
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ABSTRACT

Incommensurate tridymite L3-TO(MX-1) shows a cascade of five phase transitions at 65,
110, 150, 200, and 380 8C upon heating. The X-ray diffraction patterns were investigated
with a Buerger precession camera revealing a sequence of four incommensurate phases in
the range from room temperature to 200 8C. The phases formed between 65 and 110 8C
and between 110 and 150 8C are new modifications of tridymite. At 65 8C the monoclinic
tridymite L3-TO(MX-1) phase undergoes a first-order transformation to an orthorhombic
phase. The incommensurate structural modulation of the room-temperature phase with the
wavevector q1 5 0.663 a* 20.498 c* flips to q2 5 0.042 a* 20.388 c*. Simultaneously,
a commensurate modulation with tripled b lattice parameter is formed. The wavelengths
of both modulations do not depend appreciably on the temperature. The incommensurate
modulation discontinuously disappears near 110 8C whereas the commensurate modulation
along the b axis becomes non-integral with a temperature-dependent wavelength varying
between 115 and 100 Å. At 150 8C the symmetry is reduced to monoclinic again with g
5 90.48. Between 150 and 200 8C the monoclinic angle gradually decreases to 908 and the
wavelength of the modulation from about 90 to 65 Å. At higher temperatures, the satellite
reflections fade into weak streaks and the normal orthorhombic high-temperature modifi-
cation of tridymite is formed.

The phase transitions are reversible upon cooling except for the first transformation that
is partly irreversible for single crystals and reversible but incomplete for pulverized ma-
terial at room temperature.

INTRODUCTION

There are at least three modifications of tridymite
known to exist at room temperature with different super-
structures: ordered monoclinic tridymite L1-TO(MC) with
ahex 3 3Ï3 ahex 3 6 chex in pseudo-orthohexagonal setting
(Kato and Nukui 1976), stacking disordered pseudo-or-
thorhombic L2-TD(PO5/10) with 2 ahex 3 2Ï3 ahex 3 10
chex (Konnert and Appleman 1978) and incommensurate
monoclinic tridymite L3-TO(MX-1) with ahex 3 Ï3 ahex 3
chex for the average structure (Hoffmann et al. 1983),
where ahex and chex are the lattice parameters of the hex-
agonal high-temperature modification of tridymite. The
nomenclature is a merger of those of Löns and Hoffmann
(1987) and Flörke and Nukui (1988) and of Nukui et al.
(1978) in parenthesis (for explanation see Table 1). All
forms of tridymite consist of a framework of six-mem-
bered rings of corner-sharing SiO tetrahedra (Fig. 1).22
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The structural differences can most easily be described as
distortions of the shape of the six-membered rings that
have a hexagonal shape in hexagonal high-temperature
tridymite but are oval in L2–TD(PO5/10) (Konnert and Ap-
pleman 1978) and ditrigonal in L3–TO(MX-1) (Löns and
Hoffmann 1987). In L1-TO(MC) both oval and ditrigonal
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rings occur (Kato and Nukui 1976; Dollase and Baur
1976; Baur 1977).

Several intermediate phases are formed upon cooling
hexagonal tridymite before the respective room-temper-
ature modifications are obtained. According to Nukui et
al. (1978), the transformation sequence of synthetic
monoclinic tridymite L1-TO(MC) consists of five phases
(see Table 1). It should be noted that there is no group-
subgroup relationship between the room-temperature
modification L1-TO(MC) and the intermediate orthorhom-
bic phase H4-TO(OP) (Dollase and Baur 1976). L1-
TO(MC) crystals are usually twinned consisting of two or
more individuals (Hoffmann 1967; Dollase and Baur
1976; Kato and Nukui 1976; Tagai et al. 1977).

However, some deviations from this transformation se-
quence have been reported more recently. De Dombal and
Carpenter (1993) and Cellai et al. (1994) found evidence
of an additional phase transition at 450 8C without change
of the hexagonal crystal system. Dollase (1967) and Cel-
lai et al. (1994) reported that on heating monoclinic trid-
ymite from the Steinbach meteorite, it directly transforms
to the H3-TO(OS) phase at about 100 8C leaving out the
intermediate H4-TO(OP) phase. Using X-ray powder dif-
fraction, Graetsch and Flörke (1991) found that the in-
commensurate H3-TO(OS) phase slightly deviates from


