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Introduc*on 
The pressure dependence of the glass transiNon provides insight to relaxaNon dynamics and 
related viscosity changes at elevated pressure. This is of parNcular interest for the glassy states 
of water, where two amorphous states of different density exist. We present novel X-ray 
photon correlaNon spectroscopy (XPCS) experiments at elevated pressure and cryogenic 
temperatures using a diamond anvil cell (DAC). Extended fit procedures and addiNonal data 
are summarized as follows. 
 
Samples 
We have measured in total five equilibrated high-density amorphous ice samples (eHDA). All 
samples have been prepared ex-situ using a piston cylinder setup, following a well-established 
protocol (see Methods and Materials of the main manuscript). [1], [2] The quench recovered 
samples have been transported in liquid nitrogen to the beamline. Prior to the experiment, 
the samples were cold-loaded into a diamond anvil cell (DAC), and carefully repressurized 
using the four screws on the DAC. The pressure was determined using ruby fluorescence at 
the lowest temperature. 
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The samples have been heated in-situ unNl crystallizaNon or transformaNon to LDA. The five 
condiNons are summarized in table 1. The ruby system to determine the sample pressure, was 
only installed successfully for the second beamNme, therefore the pressure for samples G and 
F was esNmated from the posiNon of the eHDA diffracNon peak as well as the crystalline phase 
it transformed to. The transiNon temperatures and related pressures, derived from the WAXS 
analysis (Fig. S1), are summarized in the phase diagram in Fig. 7 of the main manuscript. 
 
 

Sample Absorber Pressure (GPa) BeamNme 
 

eHDA_A 12 0.08 (Ruby line) #2 (2022)  

eHDA_B 18 0.08 (Ruby line) #2 (2022)  

eHDA_G 24 ~0.1 (esNmated) #1 (2021) noisy g2 

eHDA_F 24 >0.25 (esNmated) #1 (2021) Pseudo-Kossel lines 

eHDA_D 18 0.75 (Ruby line) #2 (2022) Pseudo-kossel lines 

 
Table 1: Summary of eHDA samples measured by XPCS inside a DAC. “Absorber” describes the 
number of 25 µm thick silicon foils used as agenuator to miNgate radiaNon damage. 12 and 
18 foils correspond to an X-ray transmission of 0.27 and 0.14 at 12 keV photon energy, 
respecNvely. The analysis of the correlaNon funcNon at the two highest pressures was not 
possible, due to the appearance of Pseudo-Kossel lines (see secNon “Experimental setup”). 
 
 

 
 
Fig. S1: (Lej) Phase diagram depicNng the sample temperature and pressure, at which the 
different samples transformed to LDA, ice Ih and ice IX respecNvely. XRD pagern for sample 
B (middle) and sample D (right). The first diffracNon maximum of eHDA at 80 K for sample D 
is clearly disNnct (Q = 2.2 Å-1) due to the higher pressure (0.75 GPa). This sample directly 
crystallizes to ice IX at Tcryo = 135 K (Tsample = 150 K). 
 



Experimental setup and temperature calibra*on 
A picture of our experimental setup is shown in Fig. S2a, and consist of a cubic vacuum 
chamber, a cryostat and a ruby fluorescence setup. Details are summarized in the main 
manuscript in the Methods secNon, addiNonal informaNon is provided here. To measure the 
pressure of the sample inside the DAC while mounted to the beamline, we used a rotaNonal 
flange (VAb DDF 100P) between the cold finger and the vacuum chamber. This allows us to 
determine the pressure before and ajer the XPCS experiments by rotaNng the cold finger 90 
degree off and making the DAC facing the ruby fluorescence setup (Fig. S2A, number 5).  
DAC was clamped by a two-part Cu block via screws (Fig. S2B). Since there remains a small gap 
between Cu-block and DAC, in parNcular for cold-loading procedures, the thermal contact 
between copper holder and DAC is not perfect. This leads to a temperature offset between 
the measured temperature during the experiment (Tcryo) and the sample compartment inside 
the DAC (Tsample). During the experiments, the temperature (Tcryo) at the bogom of the cryostat 
is measured using a Si-diode (Fig. S2B). Ajer the X-ray experiments, we calibrated this offset 
by gluing a thermocouple onto the gasket inside the DAC. The results for the cooling are shown 
in Figure S3. Ajer several cycles of various measurements, the temperature offset was 
determined to be 15 ± 2 K. 
As the X-ray beam penetrated through the two diamond anvils, Pseudo-Kossel-lines were 
observed on the detector. The image in Fig. S2C shows a strong line visible at a pressure of 
0.75 GPa in the 2D SAXS pagern. Small Pseudo-Kossel lines can also be observed in 2D WAXS 
pagern (Fig. 1A), but do not affect the WAXS analysis. The XPCS analysis, however, is done 
from the SAXS images, and strong Pseudo-Kossel lines affect the calculated correlaNon 
funcNon, even ajer masking the relevant pixels. For the here described first experiments, we 
used type Ia diamonds. Later experiments indicated that this effect can be reduced by the use 
of type IIa diamonds. 
 

  
Fig S2: A) Customized experimental setup at beamline P10 (PETRA III, DESY). B) Cold-head 
with Cu-sample holder and DAC. C) SAXS detector image with strong Pseudo-Kossel line. 

 
 
 
 
 
 
 
 
Fig. S3: Temperature calibraNon measurement to 
quanNfy the offset between cryostat finger and 
sample compartment. 
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Sample A 
 

 
Fig. S4: Wide angle X-ray scagering intensity. The Nme evoluNon of the first diffracNon 
maximum for sample A is ploged. 
 
 
Figure S5, top row, shows the g2 funcNons and the related fits at different Q. In the bogom 
row, the fit results for the Kohlrausch–Williams–Wags (KWW) exponent γ are shown.  This is 
related to Figure 2 in the main manuscript.  
In Fig 3 of the main manuscript the two-Nme correlaNon funcNons (TTC) of the first 300 s of 
experimental Nme are displayed. In total we measured 1000 scagering pagerns, each pagern 
was exposed to X-rays for 1s. The TTCs for the complete 1000 s are shown in Fig. S6.  
 
 

 
Fig. S5: (Top row) AutocorrelaNon funcNons g2 and the corresponding Kohlrausch–Williams–
Wags (KWW) fits for sample A. (Bogom row) fit results for the KWW exponent γ. 
 



 
Fig. S6: Two-Nme correlaNon funcNons for sample A at Q = 0.0033 Å-1 and at temperatures 
Tcryo = 82 K, 104 K, two Nmes 111 K at two different sample posiNons, and 112.5 K. 
 
 
Sample B 

 
 
Fig. S7: Wide angle X-ray scagering intensity. The Nme evoluNon of the first diffracNon 
maximum for sample B is ploged. 
 
In the main manuscript we discussed that the correlaNon funcNons of sample B (Fig. 5) can be 
best modelled by simultaneously fiung two dynamical components (see Fig. 6). We 
addiNonally tested a single exponenNal KWW decay fit using EquaNon (3) of the main 
manuscript, the results are shown in Fig. S8. The middle row shows the corresponding KWW-
exponent (g) of the KWW fit. The Q-dependencies of the relaxaNon Nme (t) are shown in the 
lower row. It is evident from this figure that a single (diffusive) component cannot fit the data, 
as the relaxaNon Nmes do not display a clear Q2-dependence, the fit rather exhibits a clear 
offset. Therefore, a mulNcomponent fit was applied in the main manuscript. 



 

 

 
 
Fig. S8: (Top row) AutocorrelaNon funcNons g2 and the corresponding KWW fits of sample B, 
calculated for the first 500 s of a series at Q = 0.0035 Å-1. (Middle row) The results for the 
KWW exponent of fiung the g2 funcNons of sample B. (Lower row) Q-dependency of the 
relaxaNon Nme τ. 
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