Experimental report:
Testing isomorph theory on a glass-forming liquid under high pressure using diffraction:

During the beamtime, the were two main results. The first was the main experimental setup used to
test isomorph theory by measuring the structure factor along 3 isobars and 3 isotherms. The second
main result was proof-of concept experiment conducted, used to test two proposed links between
the fragility and structure of glass-forming liquids. In this experimental report we will treat each
result separately.

Proof of concept experiment:

The goal of the experiment is measuring the structure factor for a glass-forming liquid. The
experimental setup was very simple, a silicon glass capillary, closed with beeswax. We measured
the structure factor as a function of temperature. The experimental setup was successful in getting
temperature dependent structural measurements and will be used to apply for further beamtime.

Silicon glass capillary, T = 212 K
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Figure 1: Left: The measured signal, the background and the cumene signal with the background
subtracted. Right: A picture of the experimental setup

Testing Isomorph theory:
The experimental setup is a steel capillary, cooled by liquid nitrogen. We measured at beamline

ID31. The sample is cumene. The successful measurements conducted were along three isobars and
three isotherms. The conducted measurements and the experimental setup are shown in figure 2.
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Figure 2: Left: The measured state points in a (P, T)-phase diagram. The dashed lines are
isochrones, the dotted lines are isochores. Right: The experimental setup without the pressure setup
mounted.

The goal of the experiment is to show that the structure of the simple glass-forming liquid, cumene,
is invariant along lines of constant relaxation time, isochrones. The measured isobars and isotherms
map out the phase diagram. We compare measurements along isochrones, with measurements along
isobars, isotherms, and isochores.

We measured the empty cell at ambient pressure in jumps of 10 kelvin, the same case as when the
isobars were measured. The background subtracted is the measurement at the same temperature.
We were hoping to measure in a wide g-range, such that it would be possible to calculate the pair
distribution function, G(r), from our measurement. Sadly, it was only possible to get the first peak
when the background was subtracted. See Figure 3.
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33 5 ] to see the secondary peaks of the structure factor
3 A8 due to interference of the cell.
2.5

2

Intensity

1.5

15

Q

The analysis of the results is still early, but promising. As shown in Figure 4 the measurement of the
first structure peak collapse onto a single line when plotted as a function of Q=Q/p"1/3, in
agreement with the predictions of isomorph theory. This is shown in figure 4.
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Figure 4: Left: Collapse of the main structure peak of cumene when plotted as a function of Q

=Q rho”(1/3). The spikes around 1.6 are a signal from ice, crystallizing on the cell on measurements
at low temperatures. Ice was present on background measurements resulting in the sudden drop in
intensity. Right: The measured state points in a (P, T)-phase diagram. The dashed lines are
candidates for isomorphs, the dotted lines are isochores.



