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1 Supporting Information

Figure S1: Photos of various samples at different experimental conditions: a) low

pressure azobenzene single crystals in neon, sample employed for SC-XRD analysis;

b) and c) low pressure azobenzene in argon, samples employed for FTIR analysis;

d) high pressure (∼ 30 GPa) azobenzene in neon; e) ambient pressure recovered

product of c) after compressing the sample up to 30 GPa. As a reference, the

diameter of the samples above corresponds to ca. 150 µm. The azobenzene crystals

employed for the SC-XRD measurements are the bottom two crystals in samples a)

and d), and were loaded together with two other single crystals of stilbene (top two

crystals), ruby balls, and a small piece of gold.
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Figure S2: Pressure evolution of the α angle (top) and γ angle (bottom) of azoben-

zene on compression up to 32.46(6) GPa (filled symbols) and subsequent decompres-

sion (empty symbols). The two vertical lines just above 13 and 28 GPa demarcate

the beginning of the high-pressure phase and polymer phase, respectively. While

the angles remain 90◦ across the phase transition at 13 GPa, they deviate slightly

from 90◦ in the polymer phase above 28 GPa and on decompression.
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Figure S3: The solid-state molecular structure and atom labeling of the two

symmetry-independent molecules A (left) and B (right) of azobenzene, determined

by single-crystal X-ray diffraction at 298 K. All ellipsoids are drawn at the 50%

probability level, and H atoms are omitted for clarity. Both molecules have inver-

sion symmetry. One of the molecules (B) shows a pedal-motion-type disorder and

the site-occupation factor is expressed by the opacity of the nitrogen atom.

Figure S4: Short intermolecular C· · ·N contacts in the azobenzene HP phase as a

function of pressure from 11 GPa up to the highest pressure (∼28 GPa) at which

the structure was refined.
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Figure S5: Upper panel: Infrared spectra of azobenzene compressed using argon

as PTM in the 700-1700 cm−1 spectral region: the two spectra (black and blue

traces) were acquired at 24 GPa separated by 5 minutes. Lower panel: difference

spectrum calculated subtracting the intensities of the aforementioned spectra, the

intense negative bands are due to the consumption of the reagent due to the reaction.
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Figure S6: Example of the area determination of the vibrational bands performed

to calculate the azobenzene reaction kinetics. The vibrational bands shown were

chosen to measure the absorbance variation over time, as they are intense and not

overlapped with other absorptions. The example provided depicts a spectral window

of the azobenzene infrared spectra compressed with argon measured at 24 GPa.

For the sake of clarity, only 1/20 of the experimental data have been reported as

black empty dots. The fit was performed employing three Voigt functions to fit

the experimental data (green curves in the figure). An additional Voigt function

was employed as a background, together with a straight line (blue curves). The fit

is shown as a red trace. To minimize the fit error, subsequent spectra were fitted

varying only the intensity of the Voigt functions and the intercept of the straight

line, maintaining fixed all the other parameters (center, shape, gwidth of the Voigts,

slope of the straight line).
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Figure S7: Unit cell axes in the reciprocal (upper images) and real space (bottom

images) of the two azobenzene crystals loaded in the DAC. In the employed orthog-

onal system, the X-ray beam direction aligns with the x axis and the crystals inside

the DAC lie on the yz plane at ω = 0. The coordinates for all the vectors in the xyz

frame of reference are reported in Table S14. The vectors for crystal 1 (blue) and

crystal 2 (red) are reported as projections onto the xy (left) and xz planes (right).

The unit cell metric of crystal 2 is rotated by 161.9° around the vector (0.74 -0.28

-0.61) in reciprocal space or [0.46 -0.88 -0.13] in direct space with respect to that

of crystal 1. The 0.5° ω-scanning across the DAC’s aperture (64.5°, represented by

yellow shaded areas) ensures that most of the reciprocal space gets probed.
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Figure S8: Plot of the equivalent isotropic displacement parameters of all the atoms

as a function of pressure. At ambient pressure, data from the synchrotron experi-

ment in the DAC and from in-house measurements on a free crystal are included in

the plot and they produce very similar values. The Ueq at 100 K at ambient pressure

are also plotted for comparison. A decrease of all the Ueq with increasing pressure

is expected due to the density increase of the crystal. Before the phase transition,

molecule B (atoms N2A/N2B, C7–C12) has larger values of Ueq than molecule A and

its behavior closely resembles the pedal motion disorder (Figure 4 of the main text).

Just before the phase transition at 13 GPa, the isotropic displacement parameters

first increase and then continue to decrease, with the Ueq of the molecule B that

have an abrupt drop in value. Just before the polymerization threshold at 28 GPa,

another rapid increase is observed which is indicative of a reactive state.
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Figure S9: Calculated phonon dispersion curves at 30 GPa for polyazobenzene "poly-

mer I" and "polymer II", respectively. Both structures have no imaginary vibra-

tional modes, ensuring that the calculated geometries are in a local or global energy

minimum.
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Table S14: Coordinates of the reciprocal and real unit cell axes of the two

azobenzene crystals loaded in the DAC for data collection at 0.19(2) GPa with

respect to an orthogonal reference system. The frame of reference (xyz ) is shown

in Figure S7; the x axis corresponds to the direction of the incident X-ray beam,

while the crystals inside the DAC lie on the perpendicular plane yz.

Crystal 1

Reciprocal (Å−1) x y z Real (Å) x y z

a* -0.04197 -0.07532 -0.02469 a -1.1635 -11.54121 -3.31327

b* -0.01495 -0.04658 0.16751 b 0.48778 1.53139 -5.50009

c* -0.07117 0.00833 -0.00399 c -13.2606 7.12681 0.79875

Crystal 2

Reciprocal (Å−1) x y z Real (Å) x y z

a* 0.04794 0.02034 -0.07301 a 2.55775 0.95544 -11.75155

b* -0.07171 0.15913 -0.00267 b 2.35264 -5.22248 0.0897

c* 0.06361 0.02893 0.0162 c 11.14078 5.16737 8.75637
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