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INTRODUCTION

Na-clinopyroxenes are among the most studied silicates 
because of their abundance in the Earth�s lower-crust and upper 
mantle. They are major constituents of important high-pressure 
rocks (e.g., blueschists, eclogites) and are involved in several 
chemical reactions (e.g., NaAlSi3O8 = NaAlSi2O6 + SiO2) crucial 
for the understanding the Earth�s constitution. Na-clinopyrox-
enes have the general chemical formula NaM3+Si2O6, with M = 
Al, Ga, In, Sc, Ti, V, Cr, Mn, and Fe, and space group C2/c at 
room conditions (Prewitt and Burnham 1966; Clark et al. 1969; 
Cameron et al. 1973; Hawthorne and Grundy 1974; Ohashi et 
al. 1982, 1983, 1987, 1990, 1994a, 1994b, 1995; Redhammer et 
al. 2003). The C2/c pyroxene crystal structure, which has been 
described in several previous works (see as a reference Yang and 
Prewitt 2000), is illustrated in Figure 1.

Several investigations have been performed on Na-pyroxenes 
as a function of temperature and pressure (Zhao et al. 1997; 
Redhammer and Roth 2002; Origlieri et al. 2003; Redhammer 
et al. 2003, 2006; Tribaudino et al. 2005; Nestola et al. 2006). 

However, in spite of their simple crystal structures, some 
anomalous behavior is still to be clariÞ ed. It is, for instance, 
almost completely unknown whether a change of the electronic 
environment (e.g., changes in bond character, high-low spin 
transitions, crystal Þ eld effects) around the M1 site can affect 
signiÞ cantly the pyroxene structure. It has been observed that 
some NaM3+Si2O6 clinopyroxenes with the same composition 
but synthesized under different conditions, show small but sig-
niÞ cant differences in densities and crystal structures at ambient 
conditions (NaTiSi2O6, Ohashi et al. 1982 and Redhammer et al. 
2003; NaInSi2O6, Hawthorne and Grundy 1974 and Ohashi et al. 
1990; NaGaSi2O6, Ohashi et al. 1983, 1995). Some authors have 
attributed such density variations to different electronic states of 
the M3+ ion (Ohashi et al. 1995). For instance, X-ray diffraction 
investigations at room temperature on a sample with Ga at the M1 
site, NaGaSi2O6, showed the presence of two different structural 
conÞ gurations around the octahedral Ga3+ ion: Ga(α) and Ga(β) 
(Ohashi et al. 1983, 1995). NaGa(α)Si2O6 has a denser structure 
than NaGa(β)Si2O6 (3.91 and 3.89 Mg/m3, respectively) and a 
smaller M1 polyhedral volume [10.18(4) Å3 vs. 10.289(6) Å3]. 
The NaGa(α)Si2O6 compound has been quenched from high-
pressures and temperatures more slowly than NaGa(β)Si2O6. 
It was assumed that the α and β forms represent two different 
polymorphs, possibly differing in the electronic state of the Ga-
cation (Ohashi et al. 1995). 

NaGaSi2O6 is not the only Ga-bearing compound showing 
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ABSTRACT

Synthetic NaGaSi2O6-pyroxene, space group C2/c, was investigated at low temperature between 
295 to 110 K by X-ray diffraction. The evolution of the unit-cell parameters as a function of tempera-
ture does not indicate any structural phase transition down to 110 K. Calculated values for the Debye 
temperature, θD, and the Grüneisen parameter, γ, are 653(39) and 0.84(8) K, respectively, close to 
those of other pyroxenes. Five complete intensity data collections were performed at 295, 235, 190, 
145, and 110 K to investigate the temperature dependence of the crystal structure. The space group 
remains C2/c down to 110 K, but anomalies were found between 235 and 190 K for the temperature 
dependencies of the volume and strain of the M1 polyhedron. This anomalous behavior could be related 
to variations of the Ga-O2(C1,D1) bond length and the O1(A1,B1)-Ga-O2(C1,D1) bond angle. The 
C2/c-P1 phase transition observed in a previous work for NaTiSi2O6 at about 200 K did not occur for 
NaGaSi2O6 down to the minimum temperature investigated in this work. This is not due to the different 
ionic radius at M1 site or to a different tetrahedral chain extension between these two compositions 
but it is likely due to unÞ lled t2g orbitals, which do not exist in NaGaSi2O6.
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