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Abstract
The structural response to compression of the synthetic high-pressure hydroxide perovskite 

MgSi(OH)6, the so-called “3.65 Å phase,” has been determined to 8.4 GPa at room temperature using 
single-crystal XRD in the diamond-anvil cell. Two very similar structures have been determined in 
space groups P21 and P21/n, for which differences in oxygen donor-acceptor distances indicate that 
the non-centrosymmetric structure is likely the correct one. This structure has six nonequivalent H 
sites, of which two are fully occupied and four are half-occupied. Half-occupied sites are associated 
with a well-defined crankshaft of hydrogen-bonded donor-acceptor oxygens extending parallel to c. 
Half occupancy of these sites arises from the averaging of two orientations of the crankshaft H atoms 
(|| ±c) in equal proportions. The P21 and P21/n structures are compared. It is shown that the former is 
likely the correct space group, which is also consistent with recent spectroscopic studies that recognize 
six nonequivalent O-H. The structure of MgSi(OH)6 at pressures up to 8.4 GPa was refined in both 
space groups to see how divergent the two models are. There is a very close correspondence between 
the responses of the two structures implying that, at least to 8.4 GPa, non-centrosymmetry does not 
affect compressional behavior. The very different compressional behavior of MgO6 and SiO6 octahedra 
observed in this study suggests that structural phase transformations or discontinuities likely occur in 
MgSi(OH)6 above 9 GPa.
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Introduction
Hydroxide perovskites of general stoichiometry BB′(OH)6 are 

frameworks in which adjacent corner-linked octahedra are oc-
cupied by heterovalent or homovalent cations, e.g., CaSn(OH)6, 
NaSb(OH)6, FeGe(OH)6, Fe(OH)3, Ga(OH)3, and In(OH)3. The 
large cavity in which the A-site of the normal perovskite structure 
lies is empty. All O atoms form O-H groups and there is exten-
sive hydrogen bonding. The combination of an empty A site and 
strong hydrogen bonding leads to a highly rotated framework. 
The crystal chemistry of hydroxide perovskites is reviewed by 
Mitchell et al. (2017).

Basciano et al. (1998) used neutron powder diffraction to 
study the cubic hydroxide perovskite schönfliesite MgSn(OH)6 
and showed that each O atom is both a donor and acceptor of 
a hydrogen bond, and that both nonequivalent H sites are half-
occupied. Using single-crystal XRD, Lafuente et al. (2015) 
located all four half-occupied H sites (and single full H site) of 
tetrawickmanite MnSn(OH)6. We have since located H atoms 
in stottite FeGe(OH)6, schönfliesite, wickmanite, tetrawick-
manite, and söhngeite Ga(OH)3 by single-crystal XRD, e.g., 
Welch and Kleppe (2016). The cubic phases schoenfliesite, 
burtite CaSn(OH)6, vismirnovite ZnSn(OH)6, dzahlindite 
In(OH)3 and wickmanite have isolated rings of four O-H···O 
linkages in which each of the two nonequivalent H sites is half-
occupied as in schönfliesite. Tetragonal phases such as stottite 

(space group, SG P42/n) and tetrawickmanite (SG P42/n) have 
...O-H···O-H···O-H... donor-acceptor crankshafts and isolated 
four-membered rings. Each of the four nonequivalent crank-
shaft H sites is half-occupied and the ring H site is full. Half-
occupancy of H sites arises from an averaging of two different 
identical orientations of the hydrogen-bonding configuration of 
the donor-acceptor crankshaft, as we discuss in this paper with 
regard to MgSi(OH)6.

MgSi(OH)6 hydroxide perovskite
The synthetic hydroxide perovskite MgSi(OH)6 is now 

known to be of geophysical significance as one of a sequence 
of high-pressure hydrous phases which experiments indicate as 
having key roles in the transport of H2O into the deep mantle 
[e.g., Mookherjee et al. (2015), Rashchenko et al. (2016), Koch-
Müller et al. (2021)]. This phase was first synthesized by Sclar 
et al. (1965) who referred to it as the “3.65 Å phase,” the name 
referencing a characteristic strong Bragg reflection in the powder 
diffraction pattern. The structure of the 3.65 Å phase remained 
unknown until Wunder et al. (2011) published a provisional 
structure based upon a close similarity of the powder-diffraction 
pattern to that of δ-Al(OH)3 (Matsui et al. 2011); the structure 
was inferred to be a perovskite-like framework of corner-linked 
B-octahedra but lacking the A-site cation characteristic of 
perovskites. The provisional structure proposed by Wunder et al. 
(2011) had Mg and Si disordered at a single cation site, a very 
unlikely scenario in view of the very different bond valences of 
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