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Experimental Details     
 

X-ray Raman Scattering (XRS) measurements were performed on the ID20 beamline of the ESRF (Grenoble, France) (Huotari et al., 

2017). The incident energy was set at 9.7 keV through a first  high heat-load liquid -nitrogen cooled Si(111) pre-monochromator  and 

a final incident bandwidth of approximately 0.4 eV  was obtained using a Si(311) channel-cut post-monochromator. The beam was 

focused down to ~10×20ϟm2 (V x H) through a pair of Kirkpatrick -Baez mirrors. Three out of six spectrometers were used to collect 

the scattering signal allowing to probe the sample at different transfer momenta |q| up to a maximum of 10Å -1. Each spectrometer 

contains twelve Si(660) spherically curved crystal analysers that act as focusing monochromator enabling a sub-eV (0.7 eV) final 

resolution when working at 9.7 keV. The sample was a SiO2 suprasil glass, the same as for the density measurements (Petitgirard  et 

al., 2017), ground into a fine powder. We used BX90 cells from BGI and PanoDAC or new MBX110 from the ESRF sample 

environment pool. We performed three measurements through Be gaskets, with cBN inserts, in the PanoDAC following the 

procedure describe in Sahle et al. (2016) using standard conical diamonds with 500 µm culet size  and three other measurements up 

to 100 GPa using 150 µm culet size using the MBX110 DAC from the ESRF pool. For most of the runs we used miniature diamond 

anvils of about 480 µm thickness (Petitgirard et al., 2016), three times thinner than the standard design in order to reduce the 

absorption of the incoming and scattered X-ray beams (Fig. S-1), with culets of 200 ϟm up to 66 GPa and 120 ϟm culet for the 

highest pressures. The amount of sample was further increased by milling two recesses of 20 ϟm in the culets of both anvils using a 

focused ion beam (FIB) at BGI, enabling an increase of sample volume by a factor of three at high pressure. The sample was loaded 
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into the sample chamber drilled in a 250 ϟm rhenium gasket pre-indented down to 40 ϟm thickness with a 100 micron hole and 20 

ϟm thickness and a 60 micron hole for 200 ϟm culets and 120 ϟm culets respectively. 

 

 

Figure S-1 Miniature diamonds for XRS experiments. (b-c) Mini-diamonds dimensions compared to standard diamond anvil (a). (d) Milling of a recess using the 
FIB at BGI Bayreuth. 

 

BSE Spectral Calculations    
 
All spectral calculations were performed on configurations sampled from the previously reported ab initio molecular dynamics 

(MD) simulations of qu enched molten quartz  (Wu et al., 2012) at multiple pressures between ambient and 150 GPa.  For all the MD 

simulations and spectral calculations, the computational cel ls consisted of 24 structural units (72 atoms).  At each pressure, the 

spectral calculations were based on 10 independent MD configurations and the momentum -dependent Si L2,3 and O K-edge XRS 

spectra were computed as the sum of the excitation spectra of all the Si and O atoms in the structure. For each pressure presented 

in Figure  1 and Figure S-2, we extracted 10 snapshots at equally spaced time intervals of few ps and evaluated both the Si L2,3- and 

O K-edge for each of the 24 Si and 48 O atoms for a total of 240 individual Si L 2,3- and 480 O K-edge spectra at each pressure point.  

The coordination number (CN) was estimated subject to distance cut-off criteria, i.e. we used the first minimum in the Si -O radial 

distribution function as a cut -off and used the number of oxygen atoms around a silicon atom within a sphere with this cut -off 

radius as the CN. 

 

Calculations of the XRS spectra using the BSE (Bethe-Salpeter Equation) method were performed with the OCEAN code (Obtaining 

Core level Excitations using Ab initio  methods and the NIST BSE solver) (Vinson et al., 2011) . Ground state electron densities and 

wave functions were generated at the density function al theory (DFT) level using Quantum ESPRESSO (Giannozzi et al., 2009). 

Quantum -ESPRESSO is a community project for high-quality quantum -simulatio n software, based on density-functional theory, 

and coordinated by Paolo Giannozzi. See http://www.quantum -espresso.org and http://www.pwscf.org ]. Due to the use of 

pseudopotentials, projector augmented wave (PAW)  (Kresse and Joubert, 1998) reconstructed all electron wave functions were 

generated for the calculation of core to valence transition matrix elements. The dielectric screening was evaluated using a real space 

implementation of the random phase approximation within a short range, atom centered sphere. Outside this sphere the Levine 

Louie model dielectric function was used.  Results are converged with respect to the change-over radius (Levine and Louie 1982). 
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Final electron-hole scattering states are obtained by solving the BSE. DFT calculations were performed within the local density 

approximation (LDA) to the exchange -correlation functional, and using norm conserving pseudopotentials taken from the ABINIT 

repository. We used FHI formatted pseudopotential from the http://www.abinit.org dist ribution. A planewave energy cutoff of 70 

Ry was used for these calculations. The ground state electron density was calculated using -point sampling. The wave functions 

for the screening and BSE calculation were generated from a non-self-consistent-field calculation using a 2x2x2 k-point mesh.   

 

Data Analysis Details  
 

 

 

Figure S-2 XRS spectra of the Si L2,3 at low-|q| scattering angle (a) and O K-edge at high-|q| scattering geometry (b) up 110 GPa compared to calculated spectra 
form MD structures for similar scattering geometry. (a) Si L2,3 low-|q| measurements compared to calculated spectra in b. (c) O K-edge measurements at high-
|q|  compared to calculated spectra in (d). Grey spectra in a and c correspond to the first measurements at the highest pressure indicated on the right, the 
coloured spectra correspond to the final pressure. More detailed about spectra at pressure around 60 GPa can be found in Figure 4. 
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Figure S-3 Silicon edge onset as a function of pressure at low-|q| scattering geometry. As for other scattering geometry at high-|q| but also for the O K-edge, 
two metastable regions can be observed at ~20 GPa and ~60 GPa corresponding to coordination changes from [4]Si to [5/6]Si and [5/6]Si to [6]Si respectively. 
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Figure S-4 Comparison between experimental data and calculated spectra from MD structures for the Si L-edge and O K-edge for pressures below and above the 
main coordination changes at ~20 GPa and ~60 GPa respectively. 
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Figure S-5 Si L-edge onset detailed analysis in the metastable region between 60 to 70 GPa for three different pressures and loadings. The four energy scans of 
the Si L-edge are decomposed and plotted together (a, b, c). The pressure of the first spectra in red was measured before and the last pressure in black after the 
XRS measurement. In a, b and c, the edge onset shifts to higher energy with time while the pressure decreases. The final edge measurements are very close to 
the value found at lower and higher pressure emphasizing a kinetic effect in the glass for the transition from [5]-[6]Si to [6]Si. We did not observe such process for 
other pressure where the edge onset is stable over time as well as the pressure and matches perfectly the calculated spectra (Fig. 3) 

 

 

 

 


