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High Pressure Phase Transition in Groutite, MnO(OH) 
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Groutite, α-Mn³⁺O(OH), is a mineral that belongs to the diaspore group. Groutite was discovered by John Walter Gruner [1] and named in honor of Frank Grout, an american petrographer, geologist, and mineralogist. There are currently four groutite structures deposited in the Inorganic Crystal Structure Database (ICSD). The two earliest entries in ICSD provide only basic information about the groutite structure [2, 3]. The work by Kohler [4] focuses mainly on structural changes triggered by temperature within the range from room temperature (RT) to 325°C. The work by Scheinost [5] describes results from X-ray absorption fine structure (XAFS) and X-ray absorption near-edge spectra (XANES) investigations. However, none of these studies investigated the behavior of groutite under high pressure.
We used X-ray synchrotron radiation in the pressure range from 0.65 GPa to 39.85 GPa to collect diffraction data for single crystals of groutite placed in a diamond anvil cell. It crystalizes in the orthorhombic Pbnm space group. Analysis of the reciprocal lattice planes and the intensities of the measured reflections revealed that above 30 GPa, a phase transformation begins in the structure. This transition is gradual, with observable changes in the intensity of specific reflections, particularly those that are forbidden in the Cmcm space group. Although we see significant decreases in the intensities of these reflections, many of them still have intensities significantly greater than zero and violates reflections conditions typical for Cmcm space group. This is accompanied by a smooth, continuous shrinkage in the unit cell volume and distortion of the MnO₆ octahedra. Analysis of the reflection intensities confirms that the observed changes are due to structural transformations and not experimental or sample effects. The starting Pbnm symmetry is preserved although the mineral transforms as a function of pressure close to the Cmcm space group symmetry. We propose a mechanism for this phase transition in the Pbnm space group, which includes split positions of the oxygen atoms (see Fig. 1).

[bookmark: _GoBack]Figure 1. Steps of transformation between Pbnm and Cmcm space group. Red circles – Mn, green circles – O(1), blue circles – O(2). View along [001] direction.
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