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abstract

We have investigated the phase transition in SiC between the zinc-blende and rock-salt structures 
at high pressure and temperature in a laser-heated diamond-anvil cell. Results demonstrate that the 
transition occurs at 74 GPa and 2100 K with a 21% density increase, reflecting the coordination number 
rising from four to six. In addition, our ab initio calculations show that the boundary has a negative 
Clapeyron slope of –4.0 MPa/K at 2000 K. The experimentally determined phase boundary is located 
between those predicted by GGA and B3LYP functional. This transition may take place inside carbon-
rich extrasolar planets, forming a boundary with a large density jump. Since SiC is rigid and highly 
thermally conductive, thermal convection in an SiC-dominant layer is not likely to occur. Nevertheless, 
the convection may be possible if planet interiors include both silicon carbide and silicate, and in this 
case the phase transition could affect the style of thermal convection.
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introduction

It is known that host stars of observed extrasolar planetary 
systems exhibit a wide range of C/O elemental ratios from 0.3 
to 1.9 (Bond et al. 2010). The condensation models examined 
by Bond and others show that planets inside the snow line domi-
nantly consist of silicon carbide and carbon when the C/O ratio 
is greater than 0.8. The super-Earth 55 Cancri e, a member of 
a known five-planet system and closest to its host star, may be 
such a carbon-rich planet considering the host star’s C/O value 
of 1.12. Madhusudhan et al. (2012) demonstrated on the basis 
of observed mass-radius relation that the interior of 55 Cancri e 
can be composed of layers of carbon, silicon carbide, and iron.

SiC has attracted attention in a wide range of fields because 
of its strong fire resistance, durability, etc. There are various 
polytypes with cubic 3C [zinc-blende (ZB)-type, space group: 
F43m] and hexagonal 6H (P63mc) as common structures 
(numbers represent the number of layers within a single stack). 
Pressure-induced phase transition has been examined with both 
theory and experiment. Calculations under static conditions have 
predicted the phase transformation between 3C and rock-salt 
(RS)-type structures (space group: Fm3m) at 64.9–66.6 GPa 
(Fig. 1) by local-density approximation (LDA) (Chang and 
Cohen 1987; Karch et al. 1996; Sarasamak et al. 2008) and at 
92 GPa by B3LYP functional (Catti 2001). Such a ZB–RS transi-
tion was confirmed by experiments at a higher-pressure range. 
The room-temperature diamond-anvil cell (DAC) measurements 
by Yoshida et al. (1993) reported the transition at 100 GPa. Sekine 
and Kobayashi (1997) demonstrated a solid–solid transition at 

105 ± 4 GPa along Hugoniot compression. The recent ab initio 
calculations by Wilson and Militzer (2014) predicted the phase 
transition from the RS to the Cmcm structure above 27 Mbar.

Here we carried out static high-pressure and high-temperature 
(P-T) experiments to constrain the ZB–RS transition boundary 
in a laser-heated DAC. We also performed ab initio calculations 
to determine the transition pressure and its Clapeyron slope. 
These results show that the phase transition occurs around 
70 GPa with a high negative Clapeyron slope and a significant 
volume change. Such a ZB–RS transition in SiC forms an 
important boundary with a large density jump, although it was 
previously not considered in the interior model of 55 Cancri e 
(Madhusudhan et al. 2012).

methods

High-pressure experiments
High P-T conditions were generated in a laser-heated DAC. Diamond anvils 

with beveled 150 μm or flat 300 μm culet were used. The starting material was a 
fine powder of hexagonal polytype of SiC (6H) from Good Fellow (>99% purity), 
whose grain size was 0.5–1.0 μm. A sample was pelletized, and coated with a gold 
film on both sides, which served as both a pressure standard and a laser absorber. 
We employed NaCl, KCl, or SiO2 glass as a pressure medium. The SiC sample 
and the pressure medium were loaded into a 40–120 μm hole made in the center 
of a pre-indented rhenium gasket. After loading, a whole DAC was dried in a 
vacuum oven at 423 K for more than 12 h to avoid contamination by water. When 
removed from the oven, dry argon was introduced and we compressed the sample 
in an Ar atmosphere.

Sample heating and synchrotron X-ray diffraction (XRD) measurements were 
carried out at the BL10XU, SPring-8. The sample was heated from both sides of the 
DAC by using a couple of 100 W single-mode Yb fiber lasers with beam-shaping 
optics. A laser-heated spot was approximately 30 μm in diameter. We measured 
the temperature using a spectroradiometric method (Ozawa et al. 2016). Since an 
incident X-ray beam (wavelength 0.4131–0.4154 Å) was collimated to 6 μm in * E-mail: kidokoro.y.aa@m.titech.ac.jp




