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Pressure-controlled polytypism in hydrous layered materials
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ABSTRACT
An isosymmetric displacive structural transformation in the hydrous layer silicate dickite
[Al2Si2O5(OH)4, monoclinic Cc, a = 5.161(3), b = 8.960(6), c = 14.459(10) Å, b = 96.77(1)∞], occurring under hydrostatic compression above 2.0 GPa, has been studied using single-crystal X-ray diffraction and diamond-anvil cell techniques. The structure of the high-pressure phase, determined in
situ, is monoclinic with space group Cc with unit-cell parameters a = 5.082(3), b = 8.757(6), c =
13.771(9) Å, and b = 89.60(2)∞ at 4.1 GPa. The positions of all hydrogen atoms at both ambient and
high pressure have been determined by a combination of simulated annealing and energy minimization. The mechanism of the transformation, which may be general for other hydrous layered materials, involves a shift of the 1:1 layers with respect to each other by the vector [1/6, 1/6, 0] and is
accompanied by the formation of new hydrogen bonds.

INTRODUCTION
Polytypism is a particular type of polymorphism, occurring
only in layered structures, in which the different polytypes share
the same, common structure of the individual layer, whereas
the layer-stacking scheme is different (Verma and Krishna
1966). In many respects inter-polytype transformations may
be considered as a direct analogy of Rigid Unit Mode (RUM)
transformations in framework structures (Dove et al. 2000),
with the exception that in layered structures the whole layers
play the role of rigid units. The most common natural materials exhibiting polytypism include phyllosilicates and layered
hydroxides. These materials show high anisotropy, resulting
from interlayer forces that are much weaker than the intralayer
forces. The interlayer forces in layered materials include electrostatic and van der Waals interactions, and, depending on the
composition of the material, as well as the presence of interlayer
species (metal ions, water molecules, small organic molecules,
etc.), may also include hydrogen bonding (see, e.g., Giese 1973).
The small energy differences between different polytypes, as
well as the anisotropy of the interatomic forces often cause
polytypism to manifest itself in the form of stacking fault formation rather than formation of separate phases. The subtle
balance between the different kinds of interlayer forces controlling which polytype is energetically favorable can be significantly affected by external stimuli, including a change in
temperature or pressure. Of these two thermodynamic parameters, pressure is a much more powerful controlling factor, driving transformations toward structures with higher density and
smaller volume. Because of the small energy changes involved,
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pressure-driven inter-polytype transformations should generally occur at relatively low pressure (<5 GPa), which is easily
accessible in a high-pressure diamond-anvil cell. The high-pressure behavior of layered structures remains relatively unexplored, however, primarily due to the lack of good quality
single-crystal specimens.
There have been several previous attempts to characterize
the high-pressure behavior of various phyllosilicates. Holtz et
al. (1993) studied talc, biotite, phlogopite, margarite, and muscovite at high pressures using Raman spectroscopy. On the basis
of the observed changes in the spectra they concluded that these
minerals undergo fairly complex deformation, but no discontinuous changes in pressure dependencies of Raman mode frequencies were observed. The effects of pressure on di- and
trioctahedral micas have been studied by several groups. Catti
et al. (1994), Faust and Knittle (1994), and Comodi and Zanazzi
(1995) studied compression of muscovite and concluded that,
apart from amorphization occurring above 20 GPa, compression proceeds continuously with no structural phase transitions.
Similarly, no phase transitions were found in paragonite up to
4 GPa (Comodi and Zanazzi 1997) or in phlogopite and chlorite (Hazen and Finger 1978). Among layered hydroxides only
brucite [Mg(OH)2] and gibbsite [Al(OH)3] have been studied
systematically (Duffy et al. 1995; Huang et al. 1996; Huang et
al. 1999; Parise et al. 1994; Catti et al. 1995). In both examples
structural phase transitions involving rearrangements of hydrogen bonds occur at relatively moderate pressures (<5 GPa).
A very interesting group of hydrous layered-materials is the
family of 1:1 dioctahedral phyllosilicates known as the kaolin
minerals. The kaolin minerals, kaolinite, dickite, and nacrite,
with composition Al2Si2O5(OH)4, as well as halloysite, the hy-
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