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Synthesis of polycrystalline stishovite

Polycrystalline stishovite was synthesized in an 18/10 assembly using the large volume press housed at the PETRAIIl end
station P61B at the German Electron-Synchrotron (DESY). Cylindrical rods of fused silica with a diameter of 2.5 mm were
cut and polished to 3 mm in height, cleaned and inserted into a Pt-capsule. The capsule was placed into an MgO gasket
with MgO spacer on top and bottom. The MgO was then surrounded by an LaCrOj3 furnace to heat the sample during the
experiment. Molybdenum discs and rods between ZrO, spacer were used for propagation of the current towards the furnace.
The assembly was then inserted into an 18 mm edge length Cr,O3-doped MgO octahedron (Fig. S1). The octahedron was
put into the center of eight WC-cubes with a truncation of 10 mm and subsequently compressed in the LVP. The octahedral
assembly was heated to 1500 K for one hour after compressed to a maximum pressure of 12 GPa. Pressure was calibrated
at room temperature using the semiconductor to metal transition of ZnTe at 9.6 GPa and 12 GPa. Sample temperatures were
estimated using power-temperature relations calibrated in a separate run using a W5%Re/W26%Re thermocouple (C-type).
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Figure S 1. Experimental assembly of a large volume press experiment used for the synthesis of polycrystalline stishovite.

Characterization and preparation of the synthesized stishovite
The synthesized products were translucent cylinders with no visible cracks or impurities (Fig. S2). The run products were
analyzed with a bench-top X-Ray diffractometer (Europe 600, GNR Analytical Instrument Group) at the P61B end station (Cu -
Ko; A = 1.5418 A). Diffraction of the products confirmed the pure stishovite phase composition. Grain size of the stishovite
was determined through XRD with the commonly used Scherrer equation’

KA

= Bcos6 M

with 7 = grain size, K = shape factor (commonly set to 0.94), A = X-ray wavelength, 8 = line broadening at full width
at half maximum (FWHM) corrected of the instrumental broadening and 6 = Bragg angle. Typical average grain size of the
synthesized samples was ~0.52(2) um. After the experiment, stishovite cylinders were cut to 2-3 discs (around 300 um thick,
~?2 mm diameter) with a diamond saw. The discs were then polished from both sides down to ~35 um.

e

Figure S 2. Experimental stishovite run products from the synthesis. The stishovite cylinder on the right is still encapsulated in
platinum.
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XRD refinement

Using the EXPO2014 software” we performed Le Bail refinement on the integrated XRD diffraction data of the ambient
(run795997) and shock compressed stishovite. The refinement was done by using the known stishovite structure®. The preferred
profile function was the Pearson VII peak shape function. The lattice parameters (a,c), unit cell volume (V), density (p),
goodness of fit factor ()2) and the reliability factors, R,,, and R, are listed in supplementary Table 1. We note, that larger x?
factors are seen for the shock-compressed runs at LCLS, due to the partially ambient phase and the gaps of the CSPADs. To
calibrate the sample to detector distances and detector tilts, we used the NIST Standard Reference Materials (SRM) CeO,
(674b, LCLS) and LaBg (660a, SACLA).

Stishovite

Run Volume (A3) | a(A) bA) [ cA) reduced-3> | Ry, | R,
795997 46.5(2) 4.176(8) | n.a. 2.664(6) | 1.153 2474 | 1.689
796485 44.3(3) 4.09(1) | na. 2.65(1) | 1.422 3.724 | 2.372
796491 37.3(2) 3.85(1) | na. 2.51309) | 1.367 2473 | 1.602
235 31.8(4) 3.69(2) | na. 2.33(2) | 3.590 2,615 | 1.917
239 31.0(4) 3.66(2) | na. 2.32(1) | 1.962 3.661 | 2.526
C002

57 158.49(2) 5.4(5) n.a. n.a. 1.244 5.802 | 3.427
LaB6

795425 70.53(2) 4.1(7) 4.14(4) | 4133) | 1.092 2493 | 1.670

Table S 1. The lattice parameters (a,c), the unit-cell volume (V), the goodness of fit factors (reduced-y?) and the reliability
factors, Ry, and R, derived from Le Bail refinements of stishovite and the standard materials CeO, and LaBe.

3/10



Pressure determination

The VISAR recorded the free surface velocity U, and reflectivity of the shocked stishovite samples (Fig. S3), which can be
converted to particle velocity U, by using the acoustic approximation U, = 2U,,. The shock velocity Uy was determined by 1)
measuring the transit time of the shock wave (the change of reflectivity) through our sample with well known thickness and
calculating U by dividing the thickness of our sample with the shock wave transit time (Us = dsampie/tiransir) and ii) with the
help of our diffraction measurements by using the Rankine-Hugoniot relationship

UP
__ U 2
1 —po/p @)

U, was measured by VISAR whereas py (initial density) and p (shocked density) was determined through our refined
diffraction measurements. Methods i) and ii) were in very good agreement with differences from each other typically at ~1 %.

s

We could then determine the peak sample pressure using
P = poU, sUp 3)

Uncertainties of the VISAR measurements were typically between 10-15 % and arise predominantly from the uncertainties
of the free-surface velocity profile (Fig. S3). Additionally, the density measurements of the refinement held an uncertainty
due to the fitting error of the diffraction data. The uncertainty from XRD was, however, much smaller than from VISAR
measurements, typically between 1-2 %.
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Figure S 3. Typical VISAR image from the experiment and the corresponding free surface velocity trace (bottom image, red
line). Furthermore, standard deviation of the velocity are shown (blue error bars).

A linear fit to the U-U), relationship from this study in the high pressure stishovite regime is shown in Figure S4. Note, that

U for run233 was solely calculated by dividing the sample thickness with the shock transit time, which was determined from
the reflectivity change in the VISAR image.
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Figure S 4. U; - U, relationship from this study and literature*” .

Determination of the temperature along the Hugoniot
Estimation of the reached temperature conditions of the individual experimental runs were done according to the approach of”,
using the Mie-Griineisen formalism®°

B dP(V,T)
V)= VW|V @

The Griineisen parameter y(V) is assumed to be only a function of the volume

74 q
YV)=m% <Vo> ;% =1.35 (%)

with q = 2.6, Vj as the ambient specific volume and }, the ambient Griineisen parameter'’. Change of V/Vj is shown in
Figure S5.

The pressure on the isentrope can be derived from the Eulerian strain framework!', using a finite strain parameter f

RIAY
Ay

and the third-order Birch-Murnaghan strain-stress relation'?

Ps=3Kosf(1+2f)3[1+ (3/2)(Kys —4)f] ™

Furthermore, the internal energy of the isentrope can be described through

AEs = (9/2)VoKosf*[1+ (K s —4)f] )

To calculate the shock temperature, we can use the Debye model using the Debye temperature 6(V):

6(v) = by <$’)Y ©)
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and the specific heat Cy as a function of the temperature only:

T\? [0/T  xte

with n the number of atoms in a formula unit (n=3, SiO,) and R being the perfect gas constant.

From equation 4 and 5 we can write

PH—PS:%(EH—ES) (11)
with H being the states along the Hugoniot and S for the isentrope, derived from the reference state Eg, Vo and Tp.

The Rankine-Hugoniot relation gives:

1
EH:E0+§(PH +R)(Vo—V) (12)

Using equation 4, 5 and 12, we obtain the pressure along the Hugoniot:

_ B -HE D

Py (13)
1-3@-1
With the equations 4, 5, 7 and 12 we can write:
\% Ts
—(Py—Fs) = CydT (14)
Y Ty
With
YCv Cy
dS=—dV + —dT 15
v + T (15)
and
Ts(V Vo
m( BV Z [ Yy (16)
Ty v V

we can calculate the temperature along the isentrope using equation 5 as

Ty(V) = Tyexp @) [1 - <‘§’ﬂ> (17)

The temperature along the Hugoniot can then be calculated by solving equation 14 using a constant specific heat Cy =
m(3nR) with m being a multiplier to the Duong-Petit limit value:

v)

Ty =Ts+ ——
" S+m(3nR)y

(Pu — Ps) (18)
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Figure S 5. Relative volume change with regard to pressure from this study and literature.

Pressure comparison to literature data and DFT simulations

In order to compare our results to first principle simulations, we computed the ground states from density functional theory
(DFT) starting with the refined structures and densities of our experiments. DFT is implemented in the Quantum ESPRESSO
package'? solving the Kohn-Sham equations self consistently to minimize the free energy of the system as a functional of the
local electron density. We used the exchange-correlation functional of Perdew, Burke and Ernzerhof (PBE), which has been
shown to give reasonable results in the warm dense matter regime and the projected augmented waves (PAW) pseudopotential
approach. We performed DFT using 48 atoms in a 2x2 x2 tetragonal supercell. We used I" centered k-points to sample the
entire Brillouin zone. The effect of the finite size in the simulation zone cell was investigated by using a larger cell of 384
atoms (3x3x3), however no immediate effect on the internal stress was observed. A good compromise between accuracy and
computation speed was found for the plane-wave expansion of the Kohn-Sham orbitals with a cutoff of 80 Ry.

The determined pressures from DFT are in reasonable agreement to our study and to literature data (Tab. S2). We did not
compute the internal stress for run233, since a refined starting structure was not available.

Run | Pyssar (GPa) | Pros® (GPa) | Pppr (GPa)
796485 18(2) 17.1 20.6
796491 123(5) 119.3 118.9

235 301(12) 313.8 305.1

233 317(15) 329.6 na.

239 336(13) 359.1 335.9

Table S 2. Pressure comparison to literature data and density functional theory.
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Bragg reflections of stishovite obtained in this study compared to high pressure SiO, polymorphs
We calculated theoretical Bragg reflections of the stishovite, PbO, and pyrite-type silica structures at 336 GPa and plotted the
XRD spectra of run239 in Figure S6 in order to identify respective XRD peaks. No indication of other phases, except stishovite,

are observed.
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Figure S 6. XRD outline (black line) from run235 at 301 GPa. Indicated are Bragg Peaks of stishovite (blue lines), of the PbO,
type silica (red line) and the pyrite-type SiO, (green line). Peaks with an asterisk indicate still un-shocked stishovite. Gray
areas indicate discontinuities in the plot from the detector gaps.

d-spacing of stishovite from this study compared to calculated high pressure SiO, polymorphs

We compared d-spacing positions of the high-pressure polymorphs of SiO, at obtained pressures from this study, to rule out the
CaCl,, o -PbO, and pyrite-type silica structures. Peak splitting of the CaCl, structure is not observed in the XRD spectra.
Furthermore, d-spacing of o -PbO; and pyrite-type silica does not fit obtained XRD spectra from this study.
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Figure S 7. Measured d-spacing of primary stishovite reflections at given pressures (squares) compared to calculated d-spacing
positions of stishovite (blue), CaCl, (yellow), a -PbO; (red) and pyrite-type silica (green dots).
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Hydrodynamic simulations of the experimental conditions

We carried out hydrodynamic simulations of the experiment using the hydrodynamic code HELIOS'* to constrain experimental
conditions. For the simulations, we used a 10 ns top hat pulse shape at a wavelength of 527 nm and a laser energy of 51 J.
Sample sequence was 50 yum kapton tape and 35 pm stishovite. The simulations employed the SESAME 7360 equation of
state for stishovite.
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Figure S 8. Pressure conditions derived from hydrodynamic simulations using the hydrodynamic code HELIOS'4.
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