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Disordering during melting: An 17O NMR Study of crystalline and glassy CaTiSiO5
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ABSTRACT
Although titanite (CaTiSiO5) has one of the highest known entropies of fusion among silicates,
the corresponding melt is a relatively good glass-former, which provides an opportunity to investigate the structural origin of disorder in the liquid. Here we present an 17O NMR study of CaTiSiO5
glass, using detailed new results on the crystalline phase, collected at magnetic fields of 9.4, 14.1,
18.8, and 21.1 Tesla, to interpret the spectra. We find that the glass contains significant concentrations of Si-O-Si and Si-O-Ca sites in addition to the Ti-O-Ti and Ti-O-Si sites of the crystal, suggesting considerable network disorder. Simulations of the spectra for the crystal allow the derivation of
isotropic chemical shifts and quadrupolar coupling constants (CQ) for each of the five O atom sites.
In addition the Ti-O-Ti site has an unusually large chemical shift anisotropy and an unusually small
CQ value.

INTRODUCTION
The structural role of tetravalent titanium (Ti4+) in silicate
glasses and melts has recently received widespread attention.
Titanium-containing minerals are important accessory phases
in igneous rocks and hence in their geochemical differentiation, Ti has important effects on technologically interesting
properties such as density, refractive index, and crystal nucleation rates, and Ti4+ shows intriguing behavior as an “intermediate” between more well-defined network-forming and
network-modifying cations (Varshneya 1994). Some
titanosilicate melts show anomalously large heat capacities just
above the glass transition that decrease with increasing temperature (Tangeman and Lange 1998; Bouhifd et al. 1999);
density data for melts have suggested important effects of composition on the coordination of Ti (Liu and Lange 2001); and
addition of TiO2 to silicate melts has major effects on phase
equilibria, markedly increasing the activity coefficient for SiO2
(Ryerson 1985). Extensive studies of titanosilicate glass and
melt structure by Raman (Mysen et al. 1980) and X-ray absorption spectroscopy (Farges et al. 1996) have been reviewed
and linked to thermodynamic and transport properties (Ryerson
1985; Mysen 1988; Brown et al. 1995; Gan et al. 1996; Bouhifd
et al. 1999; Liu and Lange 2001).
Most previous structural studies of titanosilicate glasses and
melts have focused on cation coordination and bonding environments. For a variety of silicate, aluminosilicate, and boro-
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silicate glasses, we have recently emphasized the importance
of the complementary view provided by 17O NMR, which can
give a direct, and in many cases, quantitative view of anion
coordination, the linkages among network-forming cations, and
the extent of disorder among both network-forming and network-modifying cations (Farnan et al. 1992; Florian et al. 1996;
Stebbins et al. 1997; Wang and Stebbins 1999; Lee and Stebbins
2000; Zhao et al. 2000; Lee and Stebbins 2002). Here we apply that approach to a glass of CaTiSiO5 composition, which
represents the structure of the melt at the glass transition temperature of about 740 ∞C (Villegas et al. 1994). This material is
unusual; although crystalline titanite is an “orthosilicate” (SiO4
tetrahedra linked to no other tetrahedral groups), the melt is a
relatively good glass former, at least in small samples that cool
rapidly. At the same time, however, titanite has one of the largest entropies of fusion of any silicate, suggesting a great degree of structural disorder in the melt (Stebbins et al. 1984).
Oxygen-17 NMR has also recently been applied to the structure of alkali titanosilicate glasses (Larsen et al. 2001), to
titanosilicate gels and titanosiloxanes (Dirken et al. 1995;
Gervais et al. 2000; Gervais et al. 2001), and to titania-based
xerogels and nanoparticles (Blanchard et al. 1998; Scolan et
al. 1999). This growing body of data is particularly useful in
interpreting new 17O NMR results for a glass of CaTiSiO5 composition.
In order to better interpret results on the glass, we have also
made a detailed 17O NMR study of crystalline titanite. We report data that provide new information on the relationship of
local structure to NMR observables, and show the real utility
of spectra collected at very high magnetic fields, including 14.1,

