Direct observation of symmetrization of hydrogen bond in -AlOOH under mantle conditions using neutron diffraction
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Supplementary Figure S1: Rietveld fits of profiles of (a) -AlOOH and (c) -AlOOD with P21nm model and (b, d) enlarged raw profile around d-spacing of 2 Å. The allows in (a) and (c) indicate the reflections of 021 and 120, respectively. The measurement conditions were ambient pressure, 2.37, 6.37, 8.40, 9.50, 10.2, 10.9, 13.6, 15.1 and 19.1 GPa for (b) and ambient pressure, 7.07, 8.73, 10.2, 12.0, 13.5, 15.1 and 17.4 GPa for (d) from top to bottom, respectively. The binning of data of (b, d) was t = 40 s to get a good statistics. 

Supplementary Figure S2
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Supplementary Figure S2: Difference of interatomic distances between Al-O2 and Al-O1 at equatorial plane of AlO6 octahedron. All the data was refined with P21nm model. The open symbols in (b) represent the results of the previous study1. The filled symbols are the results of the present study indicating the individual experimental runs with different symbols.


Supplementary Figure S3
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Supplementary Figure S3: (a, b) Variations of O-O distances, and (c, d) axial and equatorial Al-O bond lengths of AlO6 octahedron in -AlOOH and -AlOOD. The numbers in the parentheses in the captions of (a) and (b) corresponding to these variations are indicated by the octahedral edge in (e). The numbers in the parentheses in the captions of (c) and (d) indicate the numbers of identical bonds in the octahedra. The open symbols in (b) and (d) represent the results of a previous study1, and the other symbols are those used in the present study. Results of Rietveld fitting with space group of P21nm and Pnnm at below and above the transition pressure are shown. The gray dotted line indicates the transition pressure from P21nm to Pnnm.

Supplementary Figure S4
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Supplementary Figure S4: Variations of rotation angles  and ’ of AlO6 octahedra in (a) -AlOOH and (b) -AlOOD. The gray dotted line indicates the transition pressure from P21nm to Pnnm.
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Supplementary Figure S5: Difference Fourier maps of -AlOOH in section containing H-bond at ambient pressure using different d-spacing range. The resolution of the Fourier map is determined by the Qmax, which was used to synthesize. The maps become blurred when the Qmax become small, which corresponds to the larger d-spacing (a, b). In the present study, the d-spacing ranges to 0.32 Å (c) was used in the discussion.


Supplementary Table S1: Details of structure refinements at selected pressures.
	Sample
	-AlOOH
	
	
	-AlOO(D0.744H0.256)

	Pressure (GPa)
	6.37
	9.50
	18.1
	10.2
	17.4

	Space group
	P21nm
	Pnnm
	Pnnm
	P21nm
	Pnnm

	a (Å)
	4.6888(2)
	4.6326(2)
	4.5774(3)
	4.6148(2)
	4.5700(4)

	b (Å)
	4.1964(2)
	4.1303(2)
	4.0829(4)
	4.1222(2)
	4.0763(6)

	c (Å)
	2.8215(2)
	2.7973(2)
	2.7625(3)
	2.78487(8)
	2.7579(2)

	V (Å3)
	54.338(3)
	56.524(3)
	51.628(5)
	52.977(2)
	51.377(6)

	Refinement
	
	
	
	
	

	Rp
	2.67
	2.56
	3.31
	3.37
	4.92

	Rwp
	2.99
	2.87
	3.59
	3.46
	5.38

	Re
	2.17
	2.53
	3.30
	3.14
	4.08

	S
	1.12
	1.14
	1.09
	1.21
	1.12

	Data points
	3193
	3193
	3193
	3194
	3194

	Parameters
	31
	27
	25
	29
	23



Notes: RWP = Σi|yi-fi(x)|/ Σiyi, RP = [Σiwi{yi-fi(x)}2/ Σiwiyi2]1/2, Re = [N-P/ Σiwiyi2]1/2, S = RWP/Re , where yi, observed intensities; fi(x), calculated intensities; wi, statistical weight; N, Number of data points; P, Number of parameters.


Supplementary Table S2 Atomic positions, isotropic displacement parameters, and H-bond geometry at selected pressures.

	
	-AlOOH
	
	
	-AlOO(D0.744H0.256)

	Pressure (GPa)
	6.37
	9.50
	18.1
	10.2
	17.4

	Spacegroup
	P21nm
	Pnnm
	Pnnm
	P21nm
	Pnnm

	
	
	
	
	
	

	Al
	
	
	
	
	

	   x
	0
	0
	0
	0
	0

	   y
	0.280(3)
	0
	0
	0.267(2)
	0

	   z
	0
	0
	0
	0
	0

	   Uiso×100 (Å2)
	0.54(16)
	1.22(14)
	0.88(17)
	0.66(7)
	0.46(9)

	O1
	
	
	
	
	

	   x
	0.344(3)
	0.3465(5)
	0.3464(6)
	0.338(3)
	0.3478(5)

	   y
	0.495(2)
	0.2423(8)
	0.2402(10)
	0.492(1)
	0.2429(7)

	   z
	0
	0
	0
	0
	0

	   Uiso×100 (Å2)
	0.41(4)
	0.42(3)
	0.59(5)
	0.33(2)
	0.44(4)

	O2
	
	
	
	
	

	   x
	0.652(4)
	
	
	0.641(3)
	

	   y
	0.008(2)
	
	
	0.0040(12)
	

	   z
	0
	
	
	0
	

	   Uiso×100 (Å2)
	0.41(4)
	
	
	0.33(2)
	

	H/D
	
	
	
	
	

	   g
	1
	0.5
	1
	1
	0.5

	   x
	0.523(5)
	0.479(4)
	1/2
	0.508(3)
	0.493(7)

	   y
	0.225(4)
	0.013(5)
	0
	0.217(2)
	0.012(8)

	   z
	0
	0
	0
	0
	0

	   Uiso×100 (Å2)
	2.2(2)
	1.29(19)
	1.8(2)
	1.44(11)
	2.1(2)



Notes: The isotropic atomic displacement parameters in the P21nm model of oxygen were constrained to be Uiso(O1) = Uiso(O2).
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