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INTRODUCTION

Hafnon is the naturally occurring phase of hafnium silicate, 
HfSiO4, and is isomorphous with zircon, ZrSiO4. It is not plentiful 
enough to be considered an ore of Hf; however, there has been 
recent interest in its physical properties. Oxides with a medium 
dielectric constant and wide band gap are required to replace 
SiO2 as the gate insulator in future complementary metal oxide 
semiconductor (CMOS) devices. New materials are currently 
being developed to replace the SiO2 gate dielectric; however, 
alloying many of the binary oxides with SiO2 increases the crys-
tallization temperature of the dielectric at the cost of lowering the 
dielectric constant (Wilk et al. 2000). One promising candidate 
is hafnium silicate, HfSiO4, and some of its non-stoichiometric 
HfSixOy pseudobinary mixtures because the interface between 
silicon and HfSiO4 is stable against SiO2 formation (Johnson-
Steigelman et al. 2002).

In addition, hafnon and its isomorphs (zircon, thorite, and 
cofÞ nite) appear to be effective �radiation-resistant� materials 
suitable for Þ ssion-reactor applications (Meldrum et al. 1998) and 
for use as a waste form for 239Pu resulting from the dismantling 
of nuclear weapons. In the cascading events that occur during 
ion radiation, extremely high pressures and temperatures exist 
in very localized environments for short time periods. For this 
reason, efforts have been directed toward understanding the 
thermodynamics and transformations of these materials at high 
pressure and high temperature (cf. Meldrum et al. 1998, 1999a, 
1999b; Rios and Boffa-Ballaran 2003). Most of the research, 
however, has been focused on zircon.

In the natural state, hafnon (HfSiO4) is always �contaminated� 

by Zr4+ and in some cases by U4+, Th4+, or Y3+ (Anthony et al. 
1995) and forms a complete chemical solid solution with zircon 
(Ramakrishnan et al. 1969). Because Hf4+ and Zr4+ have similar 
atomic radii, hafnon and zircon �cannot be distinguished by 
X-ray diffraction� (Anthony et al. 1995). However, Nicola and 
Rutt (1974) observed signiÞ cant differences between their Ra-
man spectra due to the large difference in mass between Hf and 
Zr, and they were able to make some Raman mode assignments. 
Hoskin and Rodgers (1996) demonstrated a positive correlation 
between Hf content and frequency of stretching modes. Using 
Raman spectroscopy, Zhang et al. (2000) (as well as Wopenka 
et al. 1996; Nasdala et al. 1995, 1996, 1998) showed that the 
phase changes induced by radiation damage in natural zircon 
does not result in the bulk chemical dissociation of ZrSiO4 into 
ZrO2 and SiO2.

Hazen and Finger (1979) determined the crystal structure and 
compressibility of zircon at pressure and concluded that it was 
the least compressible tetrahedrally coordinated silicate known 
at the time. Reid and Ringwood (1969) demonstrated that zircon 
undergoes a phase transformation at elevated temperature and 
pressure conditions. Using Raman spectroscopy and X-ray dif-
fraction (XRD), Knittle and Williams (1993) reported that zircon 
undergoes a quenchable phase transition at ~23 ± 1 GPa to the 
scheelite structure with space group I41/a, a subgroup of the 
symmetry of zircon (I41/amd). The transformed phase is about 
10% more dense than zircon. Phase transitions at high pressure 
and room temperature are usually hampered by sluggish kinetics, 
prompting Knittle and Williams (1993) to suggest that the transi-
tion of zircon displays an anomalous and possibly unique silicate 
transformation mechanism. Knittle and Williams (1993) used a 
mixture of methanol, ethanol, and water as a pressure medium, 
which is frozen and nonhydrostatic above 15 GPa. The zircon * E-mail: manounb@Þ u.edu
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ABSTRACT

Raman spectra of synthetic HfSiO4 were determined to pressures of 38.2 GPa. Changes in the 
spectra indicate that HfSiO4 undergoes a room-temperature phase transition from the hafnon structure 
(I41/amd space group) to the scheelite structure (I41/a space group) at a pressure of ~19.6 GPa. Upon 
release of pressure to ambient conditions, the spectra indicate that the sample retains the scheelite 
structure. Zircon has been classiÞ ed previously as the least compressible tetrahedrally coordinated 
silicate known. However, pressure derivatives of the peak positions in hafnon are smaller than those in 
zircon, and suggest that hafnon is more incompressible than zircon. Furthermore, the pressure deriva-
tives also suggest that the high-pressure, scheelite-structured HfSiO4 phase is more incompressible 
than the scheelite-structured ZrSiO4 (reidite). Thus, the post-hafnon phase appears to be even more 
incompressible than hafnon, which would make it the least compressible tetrahedrally coordinated 
silicate known to date.
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