Pardo et al. 
Supplement
Supplementary Material

Title: Lattice dynamics, sound velocities, and atomic environments of szomolnokite at high pressure

Keywords: hydrated sulfates, high pressure, nuclear resonant scattering, Mössbauer spectroscopy

Journal: Physics and Chemistry of Minerals

Authors: Olivia S. Pardo1,*, Vasilije V. Dobrosavljevic1,2, Wolfgang Sturhahn1, Thomas S. Toellner3, Benjamin Strozewski1, Jennifer M. Jackson1
Corresponding author: Olivia S. Pardo, opardo@caltech.edu

Affiliations: 1Division of Geological and Planetary Sciences, California Institute of Technology Pasadena, CA, USA, 2Now at: Earth and Planets Laboratory, Carnegie Institution for Science, Washington, D.C., 3Advanced Photon Source, Argonne National Laboratory, Chicago, IL, USA, *Corresponding author. Email: opardo@caltech.edu

Tables:
1. Table S1: Ambient condition hyperfine parameters (separate document)
Figures:
1. Figure S1: NRIXS raw data including elastic peak
2. Figure S2: Removal of elastic peak example
3. Figure S3-S7: NRIXS parameters determination from singular energy window (MPHOX)
4. Figure S8-S12: Distributions resulting from MPHOX values
5. Figure S13-S18: Select velocity fits and velocity probability distributions for each pressure
6. Figure S19: Adiabatic moduli and density comparison of high pressure phases
7. Figure S20: Weight fraction and full-width at half-maximums of iron sites measured by synchrotron Mössbauer measurements



Supplementary Table S1: ambient conditions hyperfine parameters
	This work
	QS Site 1
(mm/s)
	QS Site 2
(mm/s)
	IS Site 1
(mm/s)
	IS Site 2
(mm/s)
	FWHM Site 1
(mm/s)
	FWHM Site 2
(mm/s)
	Weight Fraction
Site 1
	Weight Fraction
Site 2

	24-bunch mode Aa
2= 2.74
	2.614(1)
	1.804(28)
	[1.366]
	1.179(9)
	0.005(2)
	0.034(14)
	0.954(3)
	0.046(3)

	Hybrid mode A
2= 1.29
	2.719
	1.96(11)
	[1.366]
	1.366(10)
	0.095(2)
	0.42(22)
	0.974(26)
	0.026(26)

	24-bunch mode B
2= 1.19
	2.669(6)
	1.917(71)
	[1.366]
	1.339(63)
	0.011(10)
	0.295(11)
	0.87(13)
	0.130(13)

	24-bunch mode C
2= 1.31
	2.662(3)
	1.993(11)
	1.366(6)*
	1.216(30)*
	0.015(1)
	0.761(11)
	0.518(10)
	0.482(10)

	24-bunch D
2= 1.78
	2.675(05)
	2.065(46)
	1.366(6)*
	1.216(30)*
	0.017(5)
	0.754(86)
	0.508(36)
	0.492(36)

	Average:
	2.667(37)
	1.94(12)
	–
	1.22(14)
	0.028(4)
	0.439(84)
	0.770(21)
	0.230(21)

	Reference
	QS Site 1
(mm/s)
	QS Site 2
(mm/s)
	IS Site 1
(mm/s)
	IS Site 2
(mm/s)
	Linewidth Site 1
(mm/s)
	Linewidth Site 2
(mm/s)
	Area Fraction
Site 1
	Area Fraction
Site 2

	Giester & Lengauer (1994)
	2.71(1)
	–
	1.26(1)
	–
	0.23(1)
	–
	1
	–

	Alboom et al. (2009)
	2.719
	–
	1.263
	–
	0.250
	–
	1
	–

	Dyar et al. (2013)
“S77” 2= 2.23
	2.73(2)
	1.02(2)
	1.26(2)
	0.39(2)
	0.27
	0.30
	0.94
	0.04

	Dyar et al. (2013)
“92942” 2= 4.11
	2.73(2)
	0.61(2)
	1.26(2)
	0.60(2)
	0.34
	0.45
	0.96
	0.04

	Dyar et al. (2013)
“92942” 2= 14.58
	2.76(2)
	–
	1.28(2)
	–
	0.27
	–
	1
	–

	Dyar et al. (2013)
“92942” 2= 1.44
	2.74(2)
	0.42(2)
	1.27(2)
	0.43(2)
	0.26
	0.48
	0.93
	0.07

	Perez et al. (2020)
2= 1.52
	2.679(3)
	2.07(3)
	1.231(7)
	0.98(2)
	(FWHM)
0.116(4)
	(FWHM)
0.008(4)
	(Wt. Fract.)
0.83(6)
	(Wt. Fract.)
0.17


Note: Numbers in brackets indicate fixed parameters. Numbers in parentheses indicate 1 error.
aHyperfine parameters for ambient pressure measurement of the high-pressure series reported in this work.
*Corrected isomer shift based on simultaneous fitting of sample and stainless steel reference foil hyperfine parameters.




S1. Raw NRIXS data
[image: ]
S1. Raw NRIXS data are plotted with their full measured energy range. Inset shows zoomed in portion of the data where the structure of the data is most evident. 

S2. Elastic peak removal
[image: ][image: ]
S2. Raw NRIXS and forward scattering data are plotted on the left at 1 bar. Panels on the right show the NRIXS spectrum with the forward scattering (elastic peak) removed. 



S3. NRIXS parameters determination from singular energy window (MPHOX)
1 bar: -100 to +150 meV
[image: ]
S3. PHOENIX employs a module “MPHOX” which allows NRIXS-derived parameters to be determined from subset of the data. PHOENIX allows easy systematic calculations as a function of cut-off energy. The mean force constant, kinetic energy, and Lamb-Mössbauer factor are plotted above as a function of energy-cut off with 1 error bars. Example: the values at 100 meV were calculated using the from -100 to +100 meV. MPHOX may be used to determine useful energy windows to calculate parameters from. For example, a plateau in the calculated parameters can mean the measured data does not include any phonon modes that would alter the calculations. In the higher pressure MPHOX plots (S4-S7), it is not always apparent which cut-off energy is best to use, which has motivated the probability density function method reported in the main text and supplemental figures S13-S17.



S4. NRIXS parameters determination from singular energy window (MPHOX)
 4.0(5) GPa: -100 to +150 meV
[image: ]

S5. NRIXS parameters determination from singular energy window (MPHOX)
 6.5(5) GPa: -80 to +220 meV
[image: ]




S6. NRIXS parameters determination from singular energy window (MPHOX)
9.0(5) GPa: -80 to +220 meV
[image: ]


S7. NRIXS parameters determination from singular energy window (MPHOX)
14.5(6) GPa -80 to +200 meV
[image: ]

S8: Distributions resulting from MPHOX values
1 bar: -100 to +150 meV
[image: ][image: ][image: ]
S8. The left panels are the probability density distributions resulting from summing (and then normalizing) the series of distributions in the right panels for each parameter (kinetic energy, Lamb-Mössbauer factor, and mean force constant). Individual distributions in the right panels are constructed from randomly sampling within a gaussian distribution centered at the value reported by MPHOX at that energy cut-off with a full-width at half maximum equal to 2.35 (see supplementary Figure S3 for an example MPHOX results).



S9. Distributions resulting from MPHOX values 
4.0(5) GPa: -100 to +150 meV
[image: ][image: ][image: ]



S10. Distributions resulting from MPHOX values 
6.5(5) GPa: -80 to +220 meV [image: ][image: ][image: ]



S11. Distributions resulting from MPHOX values 
9.0(5) GPa: -80 to +220 meV [image: ][image: ][image: ]



S12. Distributions resulting from MPHOX values 
14.5(6) GPa -80 to +200 meV [image: ][image: ][image: ]



S13. Select velocity fits and velocity probability distributions for each pressure
1 bar: -100 to +150 meV

[image: ]

S14. Select velocity fits and velocity probability distributions for each pressure
4.0(5) GPa: -100 to +150 meV 
[image: ]
S15. Select velocity fits and velocity probability distributions for each pressure
6.5(5) GPa: -80 to +220 meV 
[image: ]

S16. Select velocity fits and velocity probability distributions for each pressure 
9.0(5) GPa: -80 to +220 meV 
[image: ]
S17. Select velocity fits and velocity probability distributions for each pressure 
14.5(5) GPa -80 to +200 meV, -Sz phase
[image: ]
S18. Select velocity fits and velocity probability distributions for each pressure 
14.5(5) GPa -80 to +200 meV, -Sz phase
[image: ]

S19. Adiabatic moduli and density comparison of high pressure phases
[image: ]
References are as follows aSakamaki et al. (2014), bSanchez-Valle and Bass (2010), cWei et al. (2022), dSanchez-Valle et al. (2009), eGu et al. (2022), fShi et al. (2021), gZhang et al. 2019, and hGromnitskaya et al. 2013. Velocity and pressures errors are plotted when reported, most are smaller than the symbol size. For szomolnokite’s highest pressure point, two values are reported using elastic parameters for the -FeSO4H2O and -FeSO4H2O phases.












S20. Weight fraction and full-width at half-maximums of iron sites measured by synchrotron Mössbauer measurements. All compression points were fit with a texture parameter fixed at 21.
[image: ]
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