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INTRODUCTION

Melanophlogite is one of a series of silica polymorphs
known as clathrasils whose structures comprise a clathrate-type
framework of corner-sharing [SiO4] tetrahedra. Clathrasils are
structurally related to zeolites. Both consist of interconnected
networks of tetrahedra that define cages or pores, but clathrasils
differ from zeolites in that their cages do not form channels
accessible to large molecules because the cages are isolated by
small openings. Clathrasils have higher framework densities
than many more-open zeolites.

The structure of melanophlogite is composed of columns
of tetrakaidecahedral (51262) cages running along the [100],
[010], and [001] directions in which adjacent cages share hex-
agonal faces. The voids between these columns of cages are
pentagonal dodecahedra (512) cages. There are six 51262 and two
512 cages in the unit cell. At 473 K (Gies 1983), the polyhedral
volumes of these two cages are ~136 and ~97 Å3, respectively.

Melanophlogite occurs as a mineral, contains up to 8 wt%
volatile guest molecules (CH4, CO2, and N2) (Liu et al. 1997;
Nakagawa et al. 2001), and may be a host for greenhouse gases
and radon. Many new members of the clathrasil series have
been synthesized (Liebau 1983). By careful thermal treatment,
the guest molecules can be removed.

This communication reports the first measured enthalpy of
formation of a clathrasil, low- or a-melanophlogite. Its enthalpy
is discussed in the context of the systematics developed for
zeolitic silicas.

CALORIMETRIC STUDY

The sample of melanophlogite from Livorno, Italy (Natural History Mu-
seum, London, specimen no. BM1973-116), heat-treated for six hours at 1223
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K to remove all guest molecules, is the same as that used by Liu et al. (1997) in
their NMR study of phase transitions.

High-temperature calorimetric measurements were performed using a Tian-
Calvet microcalorimeter operating at 974 K with molten lead borate (2PbO·B2O3)
as solvent (Navrotsky 1997). A sample pellet weighing approximately 5 mg
was dropped from room temperature into the solvent in the hot calorimeter. The
measured heat effect includes the enthalpy associated with heating the sample
from room temperature to 974 K (heat content) plus its enthalpy of solution.
Eight sample pellets were dropped, and the heats of drop solution, DHds, are
listed in Table 1. The average is 29.86 ± 0.44 kJ/mol.

We have remeasured DHds of quartz in lead borate at 974 K to be 39.35 ±
0.12 kJ/mol (12 experiments), in excellent agreement with our previous value
of 39.1 ± 0.3 kJ/mol (Kiseleva et al. 1996) and numerous internal laboratory
checks thereafter. The enthalpy of the hypothetical transition from quartz to
melanophlogite, here called DHtr, can be calculated based on the following ther-
mochemical cycle:

SiO2 (quartz, 298 K) = SiO2 (soln, 974 K) DH1 (1)
SiO2 (melanophlogite, 298 K) = SiO2 (soln, 974 K) DH2 (2)
SiO2 (quartz, 298 K) = SiO2 (melanophlogite, 298 K) DHtr (3)

from which DHtr = DH1 – DH2 = 9.5 ± 0.5 kJ/mol.

RESULTS AND DISCUSSION

Measurement of the energetics of a large number of silica
zeolites by high-temperature oxide-melt solution calorimetry
shows them to be energetically metastable with respect to quartz
by 9–15 kJ/mol and to amorphous silica by 0–5 kJ/mol (Petrovic
et al. 1993; Piccione et al. 2000). This energy difference varies
roughly linearly with both the molar volume and the frame-
work density of the zeolite, the more open structures being
higher in energy.

ABSTRACT

Melanophlogite is a naturally occurring clathrasil possessing a framework of linked silicate tet-
rahedra surrounding small, isolated cages, which can host small molecules. The energetics of a
guest-free natural sample was determined by oxide-melt solution calorimetry. Melanophlogite is
energetically metastable with respect to a-quartz by 9.5 ± 0.5 kJ/mol, a value similar to that for
amorphous silica and for synthetic small-pore zeolitic silicas (Petrovic et al. 1993, Piccione et al.
2001). Thus, its occurrence in nature, for example in environments where it can occlude volcanic
gases, is reasonable on energetic grounds.

Molecular modeling of the internal pore volume of melanophlogite confirms that this enthalpy
follows the trend previously established for a variety of silica zeolites, which defines an internal
surface energy of 0.093 ± 0.010 J/m2, similar to that of the external surface energy of amorphous
silica. Thus melanophlogite, despite its unique topology and isolated cages, behaves energetically as
predicted from the enthalpies of more-open zeolitic frameworks.

TABLE 1. Enthalpies of drop solution of guest-free melanophlogite
in lead borate at 974 K

Sample Mass (mg) 4.66 5.16 5.34 5.69 4.71 5.23 4.46 5.15
DHds (kJ/mol) 29.14 29.88 28.94 30.72 29.81 30.31 29.64 30.44
Average: DHds = 29.86 ± 0.44 kJ/mol (8 experiments, error is two stan-
dard deviations of the mean).


