American Mineralogist, Volume 82, pages 748–753, 1997

Synthesis methods and unit-cell volume of end-member titanite (CaTiOSiO4)
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ABSTRACT
Unit-cell parameters of synthetic, end-member titanite (CaTiOSiO4 ) critically depend on
the synthesis conditions, as is shown for studies reported in the literature and for new
samples reported here. Our study suggests that phase-pure samples are likely to be obtained
only if they are synthesized entirely below the solidus. In contrast, samples synthesized
either directly from melt or by annealing of glass tend to have higher unit-cell volumes,
contain Si-rich and Ca-Si–rich phase impurities, and may be nonstoichiometric. The observed variations in cell parameters among the samples strongly correlate with synthesis
methods and can be explained by vacancies in the Ca or Si site or both. This result is
particularly important because the thermodynamic properties currently in use for titanite
are based on samples synthesized from melts of stoichiometric composition and thus are
suspect even though they have been determined carefully. To establish a reference point
for future studies concerned with the chemical and physical properties of this material we
report our findings along with a redetermination of the unit-cell parameters [a 5 7.062(1),
b 5 8.716(2), and c 5 6.559(1) Å; b 5 113.802(9)8, V5369.4(3) Å 3 ] from powder X-ray
data of synthetic, stoichiometric titanite.

INTRODUCTION
Variations in unit-cell volume and composition of synthetic, end-member, titanite (CaTiOSiO4) were first documented by Hollabaugh and Rosenberg (1983). Those authors attributed the larger unit-cell parameters and volume
of some synthetic samples to the substitution of Ti41 for Si41
in the tetrahedral site. The mechanism was proposed mainly
on the basis of microprobe analyses. In this paper we show
that a stronger correlation exists between synthesis method
and the observed variations in unit-cell volume.
In the course of a phase-equilibrium study involving titanite, we attempted to synthesize end-member titanite
(CaTiOSiO4) powder samples using oxide mixtures and stoichiometric glass. Optical examination and unit-cell refinements of these samples suggested that the choice of synthesis path affects the unit-cell volume as well as the phase
purity of the sample. A literature search also revealed that
synthesis of end-member titanite (CaTiOSiO4) either by direct and slow crystallization from melt or by annealing
glasses of the appropriate composition resulted in samples
with larger volumes in comparison with samples synthesized
below the solidus (Table 1; Fig. 1): In addition, the samples
with the larger unit-cell parameters appear to be nonstoichiometric (e.g., Robbins 1968; Manning and Bohlen 1992)
and to contain phase impurities either Ca- and Si-rich or
Si-rich, or both (e.g., Tanaka et al. 1988; this study) or
CaSiO3 and TiO2 (Manning and Bohlen 1992). To elucidate
the origin of these differences we compared our data with
previously reported electron microprobe (EMP) analyses
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and unit-cell refinement of single crystal and powder
samples.

EXPERIMENTAL

PROCEDURES

Synthesis
Detailed descriptions of the synthesis procedures for samples extracted from the literature can be found in the original
papers (Table 1). The samples in this study were synthesized
from glass of CaTiOSiO4 composition (sample no. 93-1) and
from a mechanical mixture of CaSiO3 and TiO2 (JMC
810420) (i.e., sample no. 94-2 and 96-1). The CaSiO3 had
been synthesized from a mechanical mixture of CaCO3
(ALFA lot 050980) and SiO2 (JM S50389B), which had
been dried at 400 8C for 4 h, and at 1000 8C for 30 h,
respectively, before weighing. The CaCO3-SiO2 mixture was
ground in ethanol in an automatic agate mortar for 3 h. The
mixture was decarbonated by gradual heating from 500 to
1000 8C over a period of 24 to 30 h and then reacted at
1100 8C. During annealing it was ground several times until
optical examination and powder X-ray diffraction suggested
that only wollastonite was present. The final product was
stored in a desiccator. Before weighing, CaSiO3 and TiO2
were dried at 1100 8C for 5 and 30 h, respectively. The
titanite glass (Table 3: sample no. glass 93) was synthesized
by melting an equimolar mixture of CaSiO3-TiO2 in a platinum crucible at 1400 8C for 16 h, cooling to 1000 8C at
360 8C/min, and quenching in air. The product, an opaque
white glass, was crushed and then ground in ethanol in an
agate mortar for 2 h.
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