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INTRODUCTION

Titanite (CaTiOSiO4), a rock forming mineral, is interest-
ing for both geologists as well as material scientists. This not
only because of its ability to retain radionucleids, which makes
it a likely candidate as an inert host for nuclear waste disposal,
but also for its interesting structural relation to the nonlinear
optical material KTiOPO4 (KTP). Both materials are structur-
ally characterized by corner linked chains of TiO6 octahedra.
These chains are mutually connected via isolated tetrahedra,
which are occupied by P5+ and Si4+ in KTP and titanite, respec-
tively. Although the exact topology of the two compounds dif-
fer (e.g., Kunz et al. 1995), a common feature is the distinctive
distortion of the TiO6 units. This distortion, characterized by a
shift of the central metal out of its otherwise regular oxygen
octahedron, is caused by an electronic second-order Jahn-Teller
effect and thus occurs around most octahedrally coordinated
d0 transition metals (Kunz and Brown 1994). This distortion
induces a hyperpolarizability at the short titanyl bond that, if it
is embedded in a non-centrosymmetric structure, gives rise to
strong nonlinear optical effects. The crucial difference between
KTP and titanite with respect to this distortion and to their physi-
cal properties is that in KTP all out-of-center distortions are
oriented more or less parallel to each other, whereas in titanite
these distortion-vectors are parallel within a TiO6 chain, but
correlate in an anti-ferroelectric way between adjacent chains

(Fig. 1). This anti-ferroelectric interaction between adjacent
TiO6 chains in titanite cancels the locally induced hyper-polar-
izabilities and therefore inhibits any interesting nonlinear opti-
cal effects.

It is not yet clear what factors control the mutual interac-
tion between the out-of-center distortions of neighboring chains.
However, this interaction should be weak in titanite, as deduced
from the disappearance of the correlation of distortion between
adjacent TiO6 chains at already moderate temperature (ca. 500
K). The loss of correlation is revealed by a phase transition
with a change in space-group from P21/a (ordered distortion
vectors) to A2/a (disordered distortion vectors, e.g., Zhang et
al. 1995). Hayward et al. (2000) show on the basis of heat ca-
pacity CP, dielectric susceptibility and diffraction data
(Bismayer et al. 1992; Zhang et al. 1995) that the excess en-
tropy at the 500 K transition is very small (5.76 J/K-mol).
Measurements of CP (Tangeman and Xirouchakis 2000) con-
firm this low excess entropy at the 500 K transition. This low
value is suspected to be connected to the smallness of the spon-
taneous strain associated with the dipole order-disorder phase-
transition. This in turn is related to an unusually weak coupling
between long-range order parameter (i.e., anti-ferroelectric
coupling of dipoles) and strain. In addition, a small dilution of
the concentration of out-of-center vectors by impurities, such
as Al3+ or Fe3+ (observed in natural titanites, e.g., Oberti et al.
1991) or Sn4+ (Kunz et al. 1997), strongly affects this phase
transition or even removes the stability field of the P21/a phase.

Two additional phase changes exist, which mostly depend
on the out-of-center distortion. The temperature induced
isosymmetric (A2/a ↔ A2/a) transition around 825 K (Kek et
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ABSTRACT

A set of powder diffraction data was collected for synthetic titanite (CaTiOSiO4) at simulta-
neously high pressures and high temperatures in a P-T field between 275 K to 650 K and room
pressure to 4.9 GPa, respectively. With these data it was possible to relate the A2/a high-pressure
phase at >3.5 GPa (room temperature) to the A2/a high temperature phase observed above 825 K
(room pressure). The slope of the phase transition is –180 K/GPa. The data also allowed the extrac-
tion of P-V-T equations of state with the following parameters: for P21/a: K298,0 = 113.4(3), (∂KT,0/
∂T)P = –0.061(3) GPa/K, V298,0 = 369.04(2) Å3, α0 = 2.07(5)/105 K. For A2/a: K298,0 = 135.2(2), (∂KT,0/
∂T)P = –0.073(1) GPa/K, V298,0 = 367.12(2) Å3, α0 = 2.8(2) / 105 K, where K is bulk modulus, V is
volume, and α is thermal expansivity. A structural analysis based on Rietveld refinements revealed
that the polymerized CaO7 polyhedra dominantly affect the structural response to changing pressure
and temperature. The TiO6 octahedra rotate almost rigidly in response to the compression of the
CaO7 polyhedra with which they share edges. The SiO4 tetrahedra show a strong angular distortion
with only little change in bond lengths.
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