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AbstrAct

Silicon incorporation in TiO2 phases at increasing pressures until 20 GPa at 1300 °C has been 
studied by XRD and TEM. Rutile is the stable Si-doped TiO2 phase until at least 7 GPa, transforming 
into α-PbO2 structured TiO2 between 7 and 10 GPa. The further transformation to the TiO2 polymorph 
with the baddeleyite structure, akaogiite, has not been observed on the quenched samples. XRD and 
TEM-EDX data suggest that the Si-doped TiO2 akaogiite polymorph is non-quenchable and reverts to 
α-PbO2 structured TiO2 when releasing the pressure. This transformation gives rise to α-PbO2 struc-
tured TiO2 grains decorated with π fringes stacking faults. Silicon solubility in TiO2 phases increases 
with increasing the synthesis pressure until 16 GPa, implying the substitutional solid solution to be 
the mechanism of solubility. The influence of the dopants on the stability of the rutile and the α-PbO2 
structured TiO2 has also been analyzed.
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IntroductIon

TiO2 polymorphs are widely studied in both mineralogy 
and material science. Rutile is a common minor mineral in 
metamorphic and plutonic igneous rocks. Rutile transforms to 
a high-pressure TiO2 polymorph with the structure of α-PbO2 
and to another high-pressure polymorph with baddeleyite (ZrO2) 
structure, recently named as akaogiite (El Goresy et al. 2010). 
Higher-pressure TiO2 polymorphs have also been reported in the 
literature (Dubrovinskaia et al. 2001). The high-pressure TiO2 
polymorph with the structure of α-PbO2 has been used as a geo-
barometer to indicate ultrahigh-pressure metamorphism (UHPM) 
(Hwang et al. 2000; Wu et al. 2005), although the suitability of 
nano-structured α-PbO2 type TiO2 as an indicator of ultrahigh 
pressure is still under discussion (Chen and Fu 2006; Escudero 
et al. 2012; Wu et al. 2006). Moreover, rutile trace element geo-
chemistry provides useful information on provenance (Zack et 
al. 2004), temperature and pressure (Tomkins et al. 2007), and 
ages (Mezger et al. 1989).

This paper is focused on the study of the effect of high pres-
sure on the Si incorporation into TiO2 phases. On one hand, 
natural SiO2-rich rutile with measured concentrations of 11–15 
wt% SiO2 has been found in nature (Yang et al. 2003), suggest-
ing its possible use as geothermomether. On the other hand, 
rutile is isostructural to the high-pressure polymorph of SiO2 
stishovite. It has been suggested that the solubility of SiO2 in 
TiO2 phases at high pressure would increase at high pressure 
(Stebbins 1992). Recent studies (Escudero and Langenhorst, 
2012; Escudero et al. in review) have shown that Al solubility 

in both rutile and α-PbO2 type TiO2 increases drastically with 
pressure. Two different mechanisms of solubility in the case of 
Al-doped rutile have been reported. An interstitial solid solu-
tion has been associated with a decrease of the rutile symmetry 
from tetragonal to orthorhombic CaCl2 type structure and to the 
appearance of twins. High pressure has therefore a remarkable 
effect on the symmetry and microstructure of the Al-doped 
TiO2 grains. Several authors have studied the incorporation of 
Si into TiO2 rutile. Ren et al. (2009) carried out experiments 
on Si-doped rutile at very high temperature and pressure (up to 
2000 °C and 23 GPa). The authors reported rutile as the only 
TiO2 phase observed and indicated a very strong temperature 
dependence on the solubility of SiO2 in TiO2 rutile. Gaetani et 
al. (2008) reported a systematic increase in the Si incorporation 
in TiO2 rutile with increasing pressure up to 3.5 GPa at 1350 °C 
in grains coexisting with rhyodacitic melts or haplobasaltic melts. 
We present in this paper a systematic study of the Si incorporation 
in the different TiO2 polymorphs from atmospheric pressure up 
to 20 GPa at 1300 °C. Special attention has been paid to both the 
chemistry and the microstructure of the recovered Si-doped TiO2 
samples to determine the effect of the pressure and the nature of the 
different TiO2 polymorphs on the Si incorporation in TiO2 phases.

From the material science point of view, TiO2 polymorphs 
are widely used, due to their photoconductive and catalyst 
characteristics, in both research and industrial applications, i.e., 
hydrogen production (Nowotny et al. 2005) and UV-induced 
oxidation of organic compounds in wastewater (Bahnemann 
2004) and also as a white pigment. It is well known, that the 
photocatalytic properties of TiO2 can be modified by introducing 
small amounts of impurities in its structure (Colón et al. 2007). 
In this respect, high-pressure synthesis techniques open new 
possibilities to design new materials and thus modifying the 
properties of doped TiO2.
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