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Abstract
The heat capacities of two different molecule-containing melanophlogites of approximate composition
46SiO2·1.80CH4·3.54N2·1.02CO2 from Mt. Hamilton, California, and 46SiO2·3.59CH4·3.10N2·1.31CO2
from Racalmuto, Sicily, along with a heat-treated (molecule-free) sample of composition SiO2, were
studied between 5 and 300 K using heat-pulse microcalorimetry. The molecule-free sample was obtained by heating natural Racalmuto crystals at 1173 K for 24 h. The standard third-law entropy of
the molecule-free sample is S° = 2216.3 ± 6.6 J/(mol·K) for 46SiO2 and the natural Mt. Hamilton and
Racalmuto samples give S° = 2805.7 ± 8.4 J/(mol·K) and S° = 2956.8 ± 8.9 J/(mol·K), respectively.
The entropy and Gibbs free energy for molecule-free melanophlogite relative to quartz at 298 K are
∆Strans = 6.7 J/(mol·K) and ∆Gtrans = 7.5 kJ/mol, respectively and, thus, it does not have a thermodynamic field of stability in the SiO2 system. The difference in CP values between molecule-containing
and molecule-free melanophlogite is characterized by an increase in CP from 0 to ~70 K, and it
then reaches a roughly constant value at 70 K < T < 250 K. The ∆Srxn at 298 K for 46SiO2(melan.)
+ xCH4(gas) + yCO2(gas) + zN2(gas) = 46SiO2·(xCH4)12·(yCO2, zN2)14 is estimated to be about –642
and –802 J/(mol·K) for the Mt. Hamilton and Racalmuto samples, respectively. The thermodynamic
data, as well as published results on the occurrence of natural molecule-containing samples suggest
that melanophlogite crystallizes metastabily. The occurrence of melanophlogite and the lack of other
porosils in nature are probably due to the essential role of molecular structure-directing agents. For
melanophlogite they can be CO2, N2, and CH4, whereas the crystallization of other porosils requires
more chemically and structurally complex molecules that are not naturally abundant.
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Introduction
The SiO2 group of phases shows great variation in crystal
structure in both nature and in the laboratory. It includes several
low-density SiO2 porosils, which are further divided into the
clathrasils and zeosils (Liebau 1988). The mineral melanophlogite is the only known natural molecule-containing porosil/clathrasil. It was first described by Lasaulx (1876) in Sicilian sulfur
deposits, but has since been found in other localities worldwide
in various low-temperature geologic environments (Zák 1972;
Cooper and Dunning 1972; Grasselini Troysi and Orlandi 1972;
Kropatsheva and Makarov 1975; Dunning and Cooper 2002;
Tribaudino et al. 2008). Melanophlogite has the ideal formula
46SiO2·2M12·6M14, where the superscripts are the coordination
numbers of the guest molecules M.
Melanophlogite, whose high-temperature crystal-structure
was refined by Gies (1983), Nakagawa et al. (2005), and
Tribaudino et al. (2008) and low-temperature modification by
Nakagawa et al. (2001, 2005), has a microporous framework
built-up of corner-sharing SiO4 tetrahedra. It is isostructural
with gas hydrate I (Kamb 1965; Zák 1972). Both structures are
classified as clathrates and they contain two different polyhedral
cages (Fig. 11), labeled by the notation [512] and [51262], where the
superscripts give the number of pentagonal and hexagonal faces
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making up the cage polyhedron. The cages in melanophlogite
can enclathrate simple molecular guest species such as CH4, N2,
H2S, and CO2 but not H2O (Gies et al. 1982; Kortus et al. 2000;
Kolesov and Geiger 2003; Tribaudino et al. 2008) and is, thus,
hydrophobic. Their exact role in the crystallization behavior and
the geochemical conditions under which melanophlogite forms
in nature have not been fully addressed.
The phase relations for both guest-containing and guestfree melanophlogite are unknown. The enthalpy for guest-free
melanophlogite relative to quartz at 298 K was determined
(Navrotsky et al. 2003). They discussed the enthalpy systematics for melanophlogite, as well as for several low-density SiO2
polymorphs such as the zeosils. All studied molecule-free porosils are enthalpically unstable compared to quartz (Navrotsky
et al. 2003). However, there are no data on the heat capacity of
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