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Abstract

In this study, we have determined the combined effect of pressure and temperature on the compres-
sional-wave velocity (VP) of Ne up to 53 GPa and 1100 K using Brillouin scattering in externally heated 
diamond-anvil cells. The phase transition from the supercritical fluid to solid phase was observed to cause 
a 10.5–11% jump in VP, and the magnitude in the VP contrast across the phase transition increases with 
temperature. In addition, we have observed an abnormal reduced increase rate of VP with pressure in the 
supercritical Ne fluid at both 800 and 1100 K before the transition to the solid phase. VP of the solid Ne 
exhibits a nonlinear increase with pressure at all the investigated temperatures. The elevating temperature 
was noted to cause an apparent reduction in VP, yet the reduction in VP caused by increasing temperature 
dramatically decreases at higher pressures. At 20 GPa, increasing temperature by 100 K can lower the 
VP of Ne by 2.4%. Yet elevating temperature by 100 K can only reduce the VP by 0.4% at 50 GPa. We 
further compare VP of Ne to that of other rare gases, including Ar, Kr, and Xe. At 300 K, VP of Ne shows 
a stronger dependence on pressure than both Kr and Xe. Moreover, increasing temperature can produce 
a greater reduction in VP of Ne than that of Ar below 50 GPa. Our measured VP of Ne is also useful for 
understanding the velocity structure of giant planets, such as Jupiter.
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Introduction

Earth’s interior is at extremely high-pressure and high-tem-
perature (P-T) conditions. The development of diamond-anvil 
cells (DACs) combined with various optical and synchrotron 
X‑ray techniques enable us to investigate the physical and 
chemical properties of minerals at relevant P-T conditions of 
the Earth’s deep interior (e.g., Bassett 1979, 2009; Jayaraman 
1986; Polsky and Valkenburg 2006; Mao et al. 2016). In the 
DAC experiments, it is critical to maintain a quasi-hydrostatic 
condition at high pressures with the use of a pressure medium 
to minimize the differential stress and ensure that the pres-
sure inside the DAC is homogeneous (Piermarini et al. 1973; 
Angel et al. 2007; Takemura 2007b, 2007a; Klotz et al. 2009). 
Neon (Ne) is one of the most commonly used pressure media 
in high-pressure studies (e.g., Jephcoat et al. 1986; Fei et al. 
2007; Dewaele et al. 2008; Zhuravlev et al. 2010; Dorfman et al. 
2012). It can maintain a better quasi-hydrostatic condition than 
soft solids (e.g., NaCl, KCl), alcohol mixture, and some rare 
gases (Ar, Xe, Kr) at high pressures (Meng et al. 1993; Miletich 
et al. 2000; Takemura 2007b; Klotz et al. 2009). Although 
both He and H2 can maintain a better hydrostaticity than Ne at 
high pressures, diamonds with He or H2 as the pressure media 
inside the DACs are easier to break and fail at high pressures 
(Takemura 2001, 2007a; Dewaele and Loubeyre 2007; Klotz 
et al. 2009). Hence, Ne is one of the most desirable pressure 
media in high-pressure studies. In addition, the deep interior of 

giant planets, such as Jupiter, is expected to contain a certain 
amount of Ne (Wilson and Militzer 2010). Based on the mea-
surements from the Galileo probe, the concentration of Ne in 
the Jupiter’s atmosphere is one order of magnitude lower than 
that of the protosolar, indicating that a certain amount of Ne 
may dissolve in the helium raindrops and fall into the planetary 
deep interior (Roulston and Stevenson 1995; Niemann et al. 
1996; Wilson and Militzer 2010). Knowledge of the physical 
properties of Ne at high P-T conditions is thus important for 
understanding the structure of giant planets.

At 300 K, the supercritical Ne fluid crystallizes in the face 
centered cubic (fcc) structure at 4.7 GPa (Finger et al. 1981; 
Vos et al. 1991). No phase transition was identified for Ne up 
to 236 GPa at 300 K (Hemley et al. 1989; Dewaele et al. 2008; 
Takemura et al. 2010). The melting temperature of Ne follows 
a linear increase with pressure up to 70 GPa and exhibits a 
much weak dependence on pressure (Vos et al. 1991; Solca et 
al. 1998; Datchi and Loubeyre 2000; Santamaría-Pérez et al. 
2010). Between 20 and 40 GPa, the melting temperature of Ne 
is 700–1600 K lower than those of Ar, Kr, and Xe (Zha et al. 
1986; Boehler et al. 2001; Ross et al. 2005; Santamaría-Pérez 
et al. 2010). In particular, the elasticity of Ne is important in 
understanding its bonding character and phase stability at high 
P-T conditions. It was experimentally determined between 0.2 
and 7 GPa at 300 K using Brillouin spectroscopy (Shimizu et 
al. 2005). Theoretical studies extended the investigated pres-
sure up to 100 GPa at 0 K and reported a near-linear increase 
in the single-crystal elasticity of Ne with pressure, although 
Gupta and Goyal (2009) suggested that both C11 and C44 of 




