P-V-T equation of state of synthetic mirabilite (Na,SO4-10D,0)

determined by powder neutron diffraction.
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Figure S1

Pressure dependence of a) the a-axis, b) the b-axis, c) the c-axis, d) the monoclinic angle 3,

and e) the unit-cell volume of deuterated mirabilite on compression at 270 K; dashed lines are

isothermal slices through the P-VV-T BMEOS3 fitted to the observations. Uncertainties on all

observations are smaller than the symbols, with the exception of d) where the error bars

depict +£3c uncertainties on f3.
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Figure S2

Temperature dependence of a) the a-axis, b) the b-axis, c) the c-axis, d) the monoclinic angle

B, and e) the unit-cell volume of deuterated mirabilite on cooling at 543 MPa; dashed lines

are isobaric slices through the P-V-T BMEOSS3 fitted to the observations. Uncertainties on all

observations are smaller than the symbols, with the exception of d) where the error bars

depict +£3c uncertainties on f3.
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Figure S3

Pressure dependence of a) the a-axis, b) the b-axis, c) the c-axis, d) the monoclinic angle

B (270 K compression data included for comparison), and e) the unit-cell volume of

deuterated mirabilite on decompression at 150 K; dashed lines are isothermal slices through

the P-V-T BMEOQOS3 fitted to the observations. Uncertainties on all observations are smaller

than the symbols, with the exception of d) where the error bars depict £3c uncertainties on 3.
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Figure S4

(a) Perspective view of the fitted P, T dependence of the a-axis of deuterated mirabilite; data points are shown as filled circles, red tick marks
attached to the data symbols indicate negative misfits, and green tick marks indicate positive misfits. Surface contours are in increments of 50
MPa. Parts (b) and (c) report the relative residuals as a function of temperature and pressure, respectively.
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Figure S5
(a) Perspective view of the fitted P, T dependence of the b-axis of deuterated mirabilite; data points are shown as filled circles, red tick marks
attached to the data symbols indicate negative misfits, and green tick marks indicate positive misfits. Surface contours are in increments of 50

MPa. Parts (b) and (c) report the relative residuals as a function of temperature and pressure, respectively.
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Figure S6

(a) Perspective view of the fitted P, T dependence of the c-axis of deuterated mirabilite; data points are shown as filled circles, red tick marks
attached to the data symbols indicate negative misfits, and green tick marks indicate positive misfits. Surface contours are in increments of 50
MPa. Parts (b) and (c) report the relative residuals as a function of temperature and pressure, respectively. Outlying points discussed in the main

text are circled in red.
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Figure S7
a) Perspective view of the fitted P, T dependence of the monoclinic angle 8 in deuterated mirabilite; data points are shown as filled circles, red
tick marks attached to the data symbols indicate negative misfits, and green tick marks indicate positive misfits. Surface contours are in

increments of 0.01°. Parts (b) and (c) report the absolute residuals as a function of temperature and pressure, respectively.
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Figure S8
(a) Perspective view of the fitted P, T dependence of the direction asinf in deuterated mirabilite; data points are shown as filled circles, red tick
marks attached to the data symbols indicate negative misfits, and green tick marks indicate positive misfits. Surface contours are in increments

of 50 MPa. Parts (b) and (c) report the relative residuals as a function of temperature and pressure, respectively.
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Figure S9

Panels a), b), and c) show the pressure dependence of, respectively, the a-axis, the c-axis, and

the unit-cell volume of deuterated ice IV on decompression at 150 K; dashed lines are Birch-

Murnaghan 3" order EOS fits to the observations. Panels d), ), and f) show the temperature

dependence of, respectively, the a-axis, c-axis, and the unit-cell volume of deuterated ice IV

on cooling at 543 MPa. Dashed lines are polynomial functions fitted to the observations.
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Figure S10

Literature data on the high-pressure melting curve of mirabilite (symbols) and a fitted
polynomial (dashed line) of the form Ty, = —4.661x107° P? + 4.923x10 % P + 305.54 K, where
P is in units of MPa.

310
€
ol
8 %0\

300 - S
_ |:P\‘>\
3 9

‘u'f'

L 295 1 Y *
2 fa
© et
O ® Tammann (1903a,1903b) Rt
Q 290 - AN
(= O Block(1914) A
2 o Geller (1924) PN

285 + Siebel,in Tammann (1929) \\+l

o Adams & Gibson, in Gibson (1942) * \\+
m Kryukovand Manikhin (1960) .
280 + Tanaka et al. (1992)
275 +—r—"+—v—Tr-—Tr-i-vr—Tt-t———t—r—r—r—t—t—r—v 1T
0 200 400 600 800

Pressure (MPa)

11



Table S1

Refined unit-cell parameters of Na,SO,4-10D-,0 as a function of pressure and temperature.

P TR | a® b (A) c(®) B () V(&)

(MPa)

23.0 270 [11.4965(3) 10.3593(1) 12.8127(2) 107.751(2) 1453.30(3)
83.3 270 | 11.4822(2) 10.3518(1) 12.7960(2) 107.732(2)  1448.70(3)
139.8 270 |11.4711(2) 10.3450(1) 12.7855(2) 107.717(2)  1445.28(3)
2020 270 |11.4592(3) 10.3374(1) 12.7716(2) 107.709(2)  1441.20(3)
253.3 270 Facility power cut during measurement, pressure lost over ca. 6 hr
2471 270 |11.4488(2) 10.3315(1) 12.7604(2)  107.700(1)  1437.90(2)
2986 270 |11.4421(2) 10.3249(1) 12.7494(2) 107.697(2)  1434.91(3)
3430 270 |11.4321(2) 10.3205(1) 12.7374(2) 107.680(2)  1431.84(3)
393.1 270 [11.4212(3) 10.3150(2) 12.7252(2) 107.667(2)  1428.44(3)
4450 270 |11.4118(3) 10.3086(2) 12.7127(2) 107.661(2)  1425.03(3)
4933 270 |11.4031(3) 10.3036(2) 12.7009(2) 107.655(2)  1421.98(3)
543.0 270 |11.3944(2) 10.2971(2) 12.6904(2) 107.656(2) 1418.82(3)
5440 250 [11.3877(1) 10.2965(1) 12.6781(2) 107.639(1) 1416.67(2)
5443 230 [11.3835(2) 10.2945(1) 12.6701(1) 107.643(1)  1414.94(2)
5435 210 [11.3792(1) 10.2927(1) 12.6619(1) 107.647(1)  1413.21(2)
5422 190 |11.3755(1) 10.2907(1) 12.6554(1)  107.655(1) 1411.68(2)
5445 170 [11.3709(2) 10.2891(1) 12.6482(1)  107.664(1)  1410.03(2)
546.2 150 |[11.3692(2) 10.2878(1) 12.6438(1)  107.679(1)  1409.03(2)
4517 150 |11.3829(1) 10.2967(1) 12.6618(1)  107.698(1)  1413.81(2)
3499 150 |11.4008(1) 10.3094(1) 12.6843(1) 107.723(1)  1420.10(2)
2530 150 |11.4196(1) 10.3210(1) 12.7062(1) 107.753(1)  1426.27(2)
150.9 150 |11.4372(2) 10.3335(1) 12.7316(1) 107.783(1)  1432.80(2)
80.0 150 |11.4506(2) 10.3408(1) 12.7518(1) 107.827(1)  1437.42(2)

0.1 150 | 11.4655(1) 10.3491(1) 12.7691(1) 107.833(1)  1442.35(2)

0.1 210 |11.4812(1) 10.3560(1) 12.7929(1)  107.784(1)  1448.39(2)

0.1 270 | 11.5013(1) 10.3618(1) 12.8263(1) 107.754(1)  1455.75(2)
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Table S2

Refined unit-cell parameters of the accessory ice-IV component of the specimen. The
refinements were carried out in the triply primitive hexagonal setting; rhombohedral values
and uncertainties have been derived from the hexagonal values and uncertainties, and are
presented here for completeness and for ready comparison with other work. Primitive

rhombohedral unit-cell volumes are one-third of the hexagonal cell volumes, V4.

Hexagonal cell Rhombohedral cell
P(MPa) T (K) an (A) cu (R) Vi (A% Crlay ag (A) a (°)

5440 250 |8.6696(2) 17.0010(6) 1106.63(4) 1.9610(1) | 7.5610(2)  69.963(2)
5443 230 |8.6577(2) 16.9743(6) 1101.86(4) 1.9606(1) | 7.5498(2)  69.972(2)
5435 210 |8.6465(2) 16.9547(8) 1097.73(6) 1.9609(1) | 7.5406(2)  69.965(2)
5422 190 |8.6368(2) 16.9359(10) 1094.06(7) 1.9609(1) | 7.5322(3)  69.965(3)
5445 170 |8.6266(3) 16.9135(13) 1090.05(9) 1.9606(2) | 7.5227(3)  69.971(4)
5462 150 |8.6182(2) 16.9091(12) 1087.63(8) 1.9620(2) | 7.5184(3)  69.939(4)
4517 150 |8.6312(2) 16.9257(13) 1091.99(8) 1.9610(2) | 7.5275(3)  69.963(4)
349.9 150 |[8.6510(2) 16.9493(10) 1098.53(6) 1.9592(1) | 7.5410(3)  70.003(3)
2530 150 |8.6709(3) 16.9664(16) 1104.70(9) 1.9567(2) | 7.5528(4)  70.061(4)
1509 150 |8.6890(3) 16.9912(11) 1110.96(7) 1.9555(2) | 7.5660(3)  70.090(3)
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