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ABSTRACT
In situ synchrotron X-ray experiments of the GeO2 system were made at pressures of 28–45 GPa
and temperatures of 300–2300 K, using a diamond anvil cell combined with a laser heating and a 6–
8 type multianvil high-pressure apparatus. We observed a second-order phase transition between
tetragonal rutile-type (P42/mnm) and orthorhombic CaCl2-type (Pnnm) phases under high pressure
and temperature. The transition kinetics seem to have little effect on the second-order phase transition because the cell constants exhibit no discontinuities between the phases. Therefore, the phase
transitions could be observed at low temperature conditions in this study. The phase boundary was
determined to be P (GPa) = (34.9 ± 1.2) + (0.0086 ± 0.0024) × (T – 1300) (K).

INTRODUCTION
High-pressure transformations of GeO2 have attracted special attention because this material is regarded as an analogue
of SiO2, an important component of the Earth’s mantle. Understanding phase transitions in GeO2 may contribute to our understanding of the high pressure behavior of SiO2. Stishovite
was found to undergo a transition from a tetragonal rutile-type
to an orthorhombic CaCl2-type phase at about 50 GPa (Kingma
et al. 1995; Dubrovinsky et al. 1997; Andrault et al. 1998). The
second-order rutile-type to CaCl2-type transition has also been
studied in GeO2 (Haines et al. 1998, 2000), SnO2 (Haines and
Léger 1997), and in PbO2 (Haines et al. 1996). Although detailed knowledge has been accumulated on the high pressure
behavior of GeO2, most data have been limited to room temperature and high pressure. In situ observation at high pressure
and high temperature is required to determine the phase boundary of the high pressure phases. We used a laser-heated diamond anvil cell (LHDAC) and a multianvil (MA) high-pressure
system, which made it possible to acquire precise data on a
sample at high-P-T conditions using intense X-rays from a synchrotron radiation source. Here, we report the results of in situ
X-ray observations on the high pressure phases of GeO2, and
the phase boundary between the tetragonal rutile-type and the
orthorhombic CaCl2-type phase is also discussed in this paper.

EXPERIMENTAL PROCEDURE
High-pressure X-ray diffraction experiments were performed using the LHDAC and the multianvil high pressure

* Present address: Department of Earth and Planetary Sciences,
Tokyo Institute of Technology, Ookayama 2-12-1, Meguro,
Tokyo 152-8551, Japan. E-mail: sono@jamstec.go.jp
0003-004X/02/0001–99$05.00

99

apparatus. In the LHDAC experiments, powdered rutile-type
GeO2 (Wako Pure Chemical Industries, purity 99.9999%) was
loaded into 100 mm holes drilled in rhenium gaskets
preindented to a thickness of 50–100 µm. Platinum powder
was mixed with the sample in order to absorb laser radiation
for heating and to provide an internal pressure calibrant. The
samples were heated with a multimode continuous wave
Nd:YAG laser using double-sided laser heating techniques
which minimized temperature gradients (both axial and radial)
of the heated area (Shen et al. 1996). The size of the heating
spot is about 70–100 µm. The sample temperature was measured from one side of the sample using the spectroradiometric
method. The radial temperature gradients were about 200 K in
this system (Watanuki et al. 2001). The spectroradiometric system consists of a thermoelectrically cooled CCD detector and
a spectrograph (CVI Laser Corporation). The heated samples
were probed by angle-dispersive X-ray diffraction using the
synchrotron beam line BL10XU (operating at 8 GeV and 70–
80 mA) at SPring-8, a synchrotron radiation source at the Japan Synchrotron Radiation Research Institute (JASRI) in Japan.
The incident X-ray beam was monochromatized to a wavelength of 0.4133 Å. The X-ray beam size was collimated to 40
µm diameter. An alignment of the X-ray and laser spots can be
done within 10 µm (Watanuki et al. 2001). Angle-dispersive
X-ray diffraction patterns were obtained with an imaging plate
placed 447.4 mm from the sample using CeO2 as a standard.
The observed intensities on the imaging plates were integrated
as a function of 2θ in order to give conventional one-dimensional diffraction profiles. Pressure was determined from the
measured unit-cell volume of platinum using the equation of
state for platinum from Jamieson et al. (1982).
The multianvil high-pressure system was composed of eight
cubic anvils of sintered diamond (SD) with sides of 9.5 mm
and 1.5 mm truncations. The cubic anvil assembly was com-

