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The crystal structure of low melanophlogite
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ABSTRACT
The crystal structure of the low temperature form of natural melanophlogite, 46SiO2 ⋅ 6M14 ⋅ 2M12
(M14 = N2, CO2; M12 = CH4, N2), was determined using single-crystal X-ray diffraction data at room
temperature. The structure is tetragonal with space group P42/nbc and unit cell a = 26.818(2) and c =
13.365(1) Å, which is the (2 × 2 × 1) superstructure of high-temperature cubic melanophlogite and
includes four formula units. The structure with 335 variable parameters including anisotropic temperature factors (or atomic displacement factors) was refined to R = 0.0288 for 2706 observed reflections. The main silica framework consists of nearly regular SiO4 tetrahedra forming large internal
voids represented by distorted tetrakaidecahedra and pentagondodecahedra, which accommodate
CO2 or N2 and CH4 or N2 guest molecules, respectively.
This low temperature form is a displacive variant of the cubic high-temperature form. The mean
bond length is 1.588(4) Å for Si-O, and the bond angles for Si-O-Si are distributed over a large range
from about 145 to 171° with a mean value of 159.4(3)°. The thermal vibrations of Si are nearly
isotropic with amplitudes approximately equal to the average mean square displacement of 0.0119(4)
Å2. The thermal vibrations of the O atoms are highly anisotropic with a wide range of mean square
displacements. There is a positive correlation between the Si-O-Si bond angles and the mean-square
displacements of the O atoms.

INTRODUCTION
Melanophlogite is a very rare mineral, known from only
five localities in nature. Its chemical composition is mainly
silica, but includes some guest molecules like CH4, CO2, and
N2. The mineral is known to crystallize in a clathrate structure,
isotypic with gas hydrate I (v. Stackelberg and Müller 1954).
One of the characteristic features common to the natural and
synthetic clathrasil structures is the existence of the large voids
inside the framework of SiO4 units. The volumes of the cages
range from 97 Å3 for the pentagondodecahedra to 356 Å3 for
the eicosahedra, if we ignore the O atoms and connect all the
Si atoms (Gies 1983; Gerke and Gies 1984). The large void
spaces in melanophlogite are represented by pentagondodecahedral (denoted as [5 12]) or tetrakaidecahedral
([5 12 6 2 ]) cages. The cubic unit cell of the structure of
melanophlogite includes two [512] voids and six [51262] voids;
the former is occupied mainly by CH4 molecules and the latter
by N2 and CO2 (Gies et al. 1982; Gies 1983).
According to Žák (1972) and Gies (1983), natural
melanophlogite is tetragonal at room temperature with transformation-twinning of microdomains having the tetragonal c
axis statistically oriented parallel to the edges of the crystal
cubes. Gies (1983) studied crystals from Mt. Hamilton, California, using mainly X-ray single-crystal techniques and differential scanning calorimetry (DSC). Single-crystal diffraction
patterns obtained at 80 °C indicated that the tetragonal lowtemperature phase had changed to a cubic high-temperature
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phase. The DSC experiments proved that a phase transition
takes place at 65 °C with a transition energy of 41 J/mol. From
observations of double refraction using a microscope with a
heating stage, Gies (1983) found that the transition temperature differed with locality. Hereafter we refer to the tetragonal
form of melanophlogite as α-melanophlogite and to the cubic
form as β-melanophlogite.
A detailed structural study of β-melanophlogite was reported
by Gies (1983). The composition of the sample was
46SiO2⋅6M14 ⋅ 2M12, where M12 is CH4 and N2 in the [512] cage,
and M14 is CO2 and N2 in the [51262] cage. The space group is
Pm3n, and the unit cell with a = 13.436(3) Å at 200 °C has one
formula unit. The mean value of 1.576 Å for the Si-O bond in
β-melanophlogite is considerably smaller than the overall mean
of 1.608 Å for silica frameworks reported by Brown and Gibbs
(1969). The four independent Si-O-Si angles in β-melanophlogite are 148, 168, 179, and 180° with a mean value of
168.8°, which is considerably higher than the overall mean of
144° reported by Tossel and Gibbs (1978).
As already noted, microscopic observation or X-ray singlecrystal diffraction patterns show that natural melanophlogite
is usually twinned (Žák 1972). The crystals sometimes show
fine growth zoning parallel to the cube faces (Skinner and
Appleman 1963; Žák 1972). Žák (1972) obtained tetragonal
diffraction patterns from the central parts of cubic crystals from
Chvaletice, Bohemia, and measured nearly singly oriented unit
cells with space group P42/nbc and a = 26.82 and c = 13.37 Å.
Micro-scale twinning in three orientations is thought to be inevitable in any natural crystalline specimen if it crystallized in
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