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Abstract
The crystal structure of gypsum-II, a polymorph of CaSO4·2H2O stable above 4 GPa, has been
solved using single-crystal synchrotron X-ray diffraction data collected at 5.35 and 6.74 GPa. Gypsum-II is monoclinic, space group P21/n, with lattice parameters a = 5.865(12), b = 15.045(14), c =
5.478(12) Å, β = 115.3(2)°, and V = 437.0(14) Å3 at 5.35 GPa, and a = 5.776(2), b = 15.017(2), c =
5.473(2) Å, β = 114.98(4)°, and V = 430.3(2) Å3 at 6.74 GPa. The crystal structure has been refined
to R1 = 3.7 (5.35 GPa) and 3.9% (6.74 GPa). It closely resembles that of gypsum at room pressure
with a stacking of CaO8 and SO4 polyhedra along the b-axis to form layers. With increasing pressure,
a continuous increase in distortion of the SO4 tetrahedron and a strong change in the bonding style of
the water molecules are observed. The mechanism of phase transformations previously hypothesized
in gypsum, on the basis of high-pressure spectroscopic data, is here clarified for the polymorph stable
between 4–8 GPa.
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Introduction
Gypsum (CaSO4·2H2O) is one of the most common sulfate
minerals and one of many minerals with water molecules in their
structure. Because of its geological and industrial importance,
gypsum has been the subject of a wealth of studies on thermal and
pressure stability. In regard to the behavior of gypsum with increasing pressure, X-ray powder diffraction, infrared and Raman
spectroscopic studies (Stretton et al. 1997; Huang et al. 2000;
Knittle et al. 2001) suggest a reversible polymorphic phase transition at 4–5 GPa. Huang et al. (2000) found a structural change in
the energy dispersive X-ray diffraction patterns at 5 and 9 GPa
suggesting two phase transitions giving rise to two polymorphs.
They also suggested these transitions were displacive in character
and related to small distortions of the lattice.
High-pressure Raman and IR data (Huang et al. 2000; Knittle
et al. 2001) showed that the phase transition to gypsum-II is
reversible and that water remains in the structure up to 30 GPa
with no evidence of any dehydration. At the transition, the main
change in the Raman spectrum was the appearance of new modes,
mainly that at 20 cm–1 lower wavenumbers than the ν1 symmetric
stretching mode, the most intense mode of gypsum. This new
mode was assigned to the stretching of the SO4 tetrahedron and
it splits after the transition at 4 GPa. This splitting was explained
by the distortion of the SO4 tetrahedron and rearrangements of the
sulfate and water molecules in the gypsum lattice (Huang et al.
2000). Later, Knittle et al. (2001) pointed out that the distortions
of the sulfate tetrahedra are only the results and not the driving
force of the phase transformation. These authors, indeed, noted
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that the transition is associated almost solely with the hydrogen
bonding and symmetry of the water molecules.
Despite all the evidence of a phase transition in gypsum at 4
GPa, the structure of this gypsum polymorph has not yet been
solved. Comodi et al. (2008), by means of a high-pressure singlecrystal conventional X-ray diffraction study, bracketed the phase
transition at 4 GPa, at which the lattice parameters clearly show a
discontinuity. The structure approaching the transition decreases
in cell volume with a strong distortion of the SO4 tetrahedron and
almost no compression of the [CaO8-SO4] polyhedral layer. In
contrast, the gypsum interlayer, where the water molecules are
located, strongly decreases its thickness up to 3.94 GPa (Comodi
et al. 2008). During the transition the “large” single crystal is not
preserved as evidenced by optical observation (Fig. 1 in Comodi
et al. 2008). Likely the new phase after transition has a large
mosaicity and data collected with conventional X-ray source
did not allow a structural solution. Huang et al. (2000), using
the same pressure medium for their synchrotron X-ray powder
diffraction experiment, observed a crystalline state phase transition at 5 GPa thus suggesting that small sized specimens might
survive the transition.
Recently, significant developments and improvements of
high-pressure single-crystal X-ray diffraction (SCXRD) at
synchrotron facilities have been made (Dera 2009), including
monochromatic and polychromatic SCXRD. In monochromatic
SCXRD experiments, a limitation is the necessity to rotate the
sample to access enough portions of the Ewald sphere (to get a
full data set) to allow a structure determination, especially when
there is angular limitation due to the diamond anvil cell (DAC).
Usually, four-circle diffractometers are not available at the high-

