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ABSTRACT

We report the direct experimental observation of a structural anomaly near 825 K in
synthetic and natural titanite samples by high-temperature, hard-mode infrared spectros-
copy. The anomaly in titanite, CaTiSiOs, is characterized by a break of the temperature
dependence of the 562 cm-l Si-O bending mode, the 675 cm-I Ti-O band, and the 900
cm-I Si-O stretching modes, and the rapid decrease of the IR signal at 873 cm-I. The
order parameter, as determined from the temperature evolution of the frequencies of the
absorption bands in the middle infrared (MIR) region follows a second-order Landau be-
havior with an order-parameter exponent f3 = 1,6.At T > 825 K, the Ti-O band shows
further softening, whereas the Si-O bands at 562 and 900 cm-I show hardening with
increasing temperature. In natural samples, the effects of impurities on the high-tempera-
ture transition are weak. For pure titanite, the transition temperature,

T" is about 825 K
and increases with increasing impurity concentration.

INTRODUCTION

The room-temperature structure of titanite was first
studied in 1930 (Zachariasen 1930) and refined by Speer
and Gibbs (1976). Speer and Gibbs (1976) described the
room-temperature phase as being anti ferroelectric, in
which the Ti atoms were displaced from the centers of 0
octahedra. A high-temperature X-ray study of pure tita-
nite by Taylor and Brown (1976) showed a reversible,
displacive phase transition at approximately 500 K.
Above that temperature the space group was reported to
be A centered (A2Ia), whereas below 500 K the space
group is P2/a. The transition near 500 K was seen as
anomalies in the temperature evolution of the optical bi-
refringence and X-ray diffraction intensities (Bismayer et
al. 1992), some rather weak changes in the lattice param-
eters (Ghose et al. 1991; Bismayer et al. 1992), and very
strong changes in the frequencies and scattering intensi-
ties of Raman-active phonons (Salje et al. 1993) and in
the IR-absorbance intensities. The marked softening of
infrared-active Ti-O phonons with amplitudes along the
crystallographic a axis correlates well with the observa-
tion of dielectric losses and the measurements of the ex-
cess specific heat, Cp, at high temperatures (Zhang et al.
1995).

By fitting the temperature evolution of the order pa-
rameter Q(T) (T < TJ to Q ex IT - TcI~,Bismayer et al.
(1992), Salje et al. (1993), and Zhang et al. (1995) noted
that the effective exponent, f3 = V8,is compatible with
that of a two-dimensional Ising model. The question,
however, is whether the phase at T :2:500 K is the correct

0003-004X/97/0102-0030$05.00 30

paraphase of titanite or, alternatively, whether this phase
is an intermediate phase and the true high-symmetry
phase exists only at much higher temperatures. The pre-
vious experimental evidence for this scenario relies on
the following observations. First, Bismayer et al. (1992)
and Meyer et a!. (1996) recorded nonzero excess bire-
fringence, I1n, at temperatures up to 850 K, which is com-
patible with the assumption that an intermediate phase
exists. Second, Salje et a!. (1993) observed that the ex-
cess intensities of the Raman signals decrease gradually
at T > 500 K with increasing temperature while addi-
tional, very weak lines occur near 400 cm-I. This obser-
vation rules out the idea that the phase transition at 500
K occurs between a paraelectric high-symmetry phase
and its antiferroelectric low-symmetry phase by a simple
shift of the Ti positions in the Ti06 octahedra. This effect
has nothing to do with the additional effect of mobile
antiphase boundaries (Van Heurck et al. 1991) simply be-
cause only very few antiphase boundaries exist in pure,
synthetic titanite crystals (Chrosch et a!., in preparation).

The essential question we wish to answer in this paper
is whether a second phase transition occurs at high tem-
peratures. Hard-mode spectroscopy was employed in this
study because it has been shown that small structural
changes correspond to strong changes in the phonon spec-
tra (Zhang et al. 1995). It was expected that IR spectros-
copy would provide a sufficiently sensitive tool to detect
the additional high-temperature phase transition in tita-
nite. This expectation proved to be correct, and we report
the first clear evidence that a second phase transition oc-
curs near 825 K.


