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Abstract

High resolution charge density experiments are still rarely carried out in the studies of minerals. Accurate modelling
of hydrogen atoms from X-ray diffraction is challenging due to low scattering power of H. Here, we present a
combined dynamic quantum crystallography approach to overcome the experimental shortcomings from X-rays.
Pinnoite, Mg[B,O(OH)s] was first described by Staute in 1884 [1]. This diborate mineral, consists of Mg(OH)s
octahedra sharing all OH groups with B,O(OH)s double tetrahedra. The lattice framework forms void channels along
[001]. The exact structure of pinnoite was under review over the last decades. It was solved in P4, or P4,/n space
groups [2,3].

High-resolution single-crystal X-ray diffraction data were collected up to 0.4 A resolution at 293 K for natural
pinnoite. Based on reflection extinction conditions the space group, P4./n was chosen. The specimen originated
from an Inder boron deposit in Kazakhstan. It contained needle-like crystals of excellent quality, free of any
elemental impurities. The morphology and chemical composition of single crystals were examined on scanning
electron microscope, equipped with energy dispersive spectrometer.

We obtained lattice dynamics model of pinnoite, from periodic DFT calculations, run in Crystal17 [4] software. Next,
we refined the vibrational frequencies against the single crystal X-ray diffraction data, using NOMORE [5] package.
The resultant accurate ADPs of hydrogen atoms, were further implemented to the charge density refinement (XD
package [6]) of pinnoite.

The quantitative experimental charge density distribution was determined with Hansen-Coppens multipole
formalism [7], getting R(F)=1.48%. Each boron atom is tetrahedrally coordinated by four oxygen atoms, three of
which form O(1)-H(1), O(2)-H(2), O(3)-H(3) hydroxyl groups, whereas O(4) links two symmetrically equivalent boron
atoms. The Bader %31 atomic basins were determined and charges were integrated from electron density within each
basin: qu =+1.5; q M=13; qo(z) =-1.2; qo(s) =-1.3; qo(4) =-1.5; qB(” =+2.5; qH“) =+0.5; qH(z) =+0.6; qH )=+0.5. The
crystal maintained P4,/n symmetry, in pressures of 2.7GPa and 4GPa, generated in a diamond anvil cell. The model
of electron density distribution determined here serves as a reference for ongoing high pressure studies.
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