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Anti-phase boundaries and phase transitions in titanite: An X-ray diffraction study
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ABSTRACT
X-ray diffraction rocking curves of titanite, CaTiSiO5, were measured using a novel
high-resolution diffractometer. Three Bragg reflections were recorded as a function of
temperature and their profiles analyzed in terms of a Gaussian Bragg peak and a diffuse
scattering component with an overall Lorentzian shape. The temperature dependence of
the Gaussian intensities of the rocking peaks of superstructure reflections, hkl with k 1 l
odd, scale with the long-range order parameter as I } Q2 } |T 2 Tc|2b, where b 5 0.14(1)
is the effective order parameter exponent.
The diffuse scattering intensity changes little with temperature at T , Tc 2 20 K. Strong
diffuse scattering is found at T . Tc with centers of their Lorentzian diffraction profiles
shifted by Dv ø 0.58 with respect to the position of the equivalent Bragg peak. A second
phase transition at 825 K is confirmed and the possibility of a third transition at ;1150
K is discussed.

INTRODUCTION
The reversible structural phase transition at ;500 K in
synthetic titanite, CaTiSiO5, (Taylor and Brown 1976) appears to generate remarkably thick and mobile anti-phase
boundaries (APBs) at T ø Tc (Speer and Gibbs 1976; Van
Heurck et al. 1991). Van Heurck et al. (1991) also observed that a synthetic crystal was riddled with APBs at
room temperature. We repeated electron microscopic observations on a very pure, synthetic crystal that was previously investigated by Bismayer et al. (1992), Salje et
al. (1993), and Kek et al. (1994) and found that this crystal contained only very few APBs at room temperature.
Because this titanite crystal showed clearly pronounced
phase transitions at 496 and 825 K (Salje et al. 1993;
Zhang et al. 1995, 1996; Meyer et al. 1996) the appearance APBs is clearly not a prerequisite of the transition
mechanism. The APBs may, however, modify the transition behavior so that natural samples with many impurities may contain many APBs and may not display the
truly intrinsic transition mechanism as observed in synthetic samples of high purity.
In this study we were concerned only with clean material for identification of the intrinsic thermodynamic behavior of titanite. Previous investigations on such crystals
(Bismayer et al. 1992; Kek et al. 1994) identified the
same basic structural changes from an averaged A2/a
structure to the low-temperature P21/a phase that can be
described by shifts of the Ti atoms from the centers of
the TiO6 octahedra forming anti-parallel aligned chains in
the low-symmetry phase as discussed by Taylor and
Brown (1976). Previous X-ray diffraction experiments
showed that the Bragg reflections hkl with k 1 l odd show
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a temperature dependence that could be fitted with an
empirical power law I } Q2 } |T 2 Tc|2b with b 5 0.15
(Bismayer et al. 1992; Schmidt et al. 1993). The intensity,
I, in these experiments included diffuse scattering, which
does not reflect the long-range order parameter but relates
to lattice imperfections such as APBs and point defects.
Depending on the amount of diffuse scattering the reflection profile can be Gaussian, Lorentzian, or a combination
of both. To explore the temperature dependence of the
long-range order independently of the effect of lattice imperfections we measured X-ray rocking curves on reflections 216 and 143, as well as on the non-superstructure
reflection 142. By separating Gaussian and Lorentzian
diffraction signals the effective order-parameter exponent
is correlated with the thermodynamic characteristics of
the phase transition(s) in titanite.
We argue in this paper that the diffuse diffraction intensities (and hence the lattice imperfections) do not
change at temperatures below Tc 2 20 K despite the
strong temperature dependence of the long-range order
parameter. Furthermore, the long-range order parameter
shows a ‘‘clean’’ phase transition with no detectable defect fields that would be visible at temperatures above the
transition point.

EXPERIMENTAL

METHOD

Diffraction geometry
In this study we used a high-resolution diffractometric
method, which was successfully applied to the determination of ferroelastic twin-wall widths (Wruck et al. 1994;
Chrosch and Salje 1994; Salje and Chrosch 1996;
Chrosch and Salje 1996; Locherer et al. 1996). In our
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