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Figure S1: Powder X-ray diffraction patterns (20 = 1-8°) of empty zeolite EMC-2 (EMT) as a function of pressure.
Patterns were collected on the ID15B beamline at the ESRF, Grenoble, France, using Daphne 7373 oil as a non-
penetrating pressure transmitting medium. Broadening of the Bragg diffraction peaks at higher pressures indicate
substantial loss of crystallinity, i.e. pressure-induced amorphisation, particularly between 3.0-3.6 GPa.
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Figure S2: Powder X-ray diffraction patterns (20 = 1-8°) of filled zeolite EMC-2 (EMT) as a function of pressure.
Patterns were collected on the ID27 beamline at the ESRF, Grenoble, France, using silicone oil as a non-penetrating
pressure transmitting medium. As for the empty framework (Figure S1), the patterns indicate substantial loss of

crystallinity with pressure.
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Figure S3: Unit cell contraction of zeolite EMC-2 (EMT) samples recorded under pressure. The variation in (a)
cell parameter 2 and (b) cell parameter ¢ as a function of pressure for various zeolite EMC-2 (EMT) sample
measurements. Datapoints in red correspond to samples measured using Daphne 7373 oil (as non-penetrating
pressure transmitting media) on beamline ID15B, and those in blue refer to samples measured using silicone oil
on beamline ID27. Circles correspond to empty samples, squares to hydrated empty and diamonds to filled.

The hydrated sample has larger cell parameters due to the presence of the extra-framework water. These data
demonstrate that the a parameter is consistent amongst all samples up to approximately 2.2 GPa, where the
pressure transmitting media solidifies [62]. As for the ¢ parameter, only the samples analysed using silicone oil on
beamline ID15B show the anisotropic contraction in the 1-3 GPa range. This highlights that these observations are

—O— Empty - Daphne Oil (ID15B)

—[1— Empty Hydrated - Daphne Qil (ID15B)
—O— Empty - Silicone Oil (ID27)

—<&— Filled - Silicone 0il (1D27)

—O— Empty - Daphne 0il (ID15B)

—[— Empty Hydrated - Daphne Qil {ID15B)
—O— Empty - Silicone Oil (ID27)

—— Filled - Silicone Oil (ID27)

Pressure /GPa

due to the breakdown of the silicone oil’s hydrostatic behaviour [36,63].
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Figure S4: Unit cell volume contraction and Bulk Moduli for the zeolite EMC-2 (EMT) samples. The unit cell
volume is shown as a function of pressure for the empty (a) and filled (b) zeolite EMC-2 (EMT) in the range of 0-
2.2 GPa. The solid lines show fits to the 2"d-order Birch-Murnaghan equation, obtained using the PASCal web
application [37], with fit parameters as marked.



Table S1: Optimised lattice parameters of faujasite (FAU) and EMC-2 (EMT) obtained with the PBEsol and
PBEsol+D3 exchange-correlation functionals. Lattice parameters obtained with an implicit-solvent model used to
mimic the dielectric environment of water (¢ = 80.1) in the cages are also shown. % differences with respect to the
experimental lattice parameters are given in parentheses. The parameters for FAU are given with respect to the
conventional cubic unit cell.

FAU EMT
XC Functional a[A] V [A3] a[A] c[A] V [A]
24.466 14,645 17.309 28.202 7,317
PBEsol
(+0.50) (+1.50) (+0.54) (+0.43) (+1.52)
24.465 14,644 17.311 28.186 7,315
PBEsol (H:0) (+0.49) (+1.49) (+0.56) (+0.37) (+1.49)
24.392 14,512 17.265 28.114 7,258
PBEsol+D3 ' ’
SOt (+0.19) (+0.58) (+0.29) (+0.11) (+0.70)
24.409 14,543 17.272 28.102 7,260
PBEsol+D3 (H ' ’
sol+D3 (H20) (+0.26) (+0.79) (+0.33) (+0.07) (+0.74)

Table S2: Elastic-constant matrix of faujasite (FAU) calculated using the PBEsol+D3 functional. The calculated
bulk and shear moduli, using the relations in Ref. [64], are 40 and 14.1 GPa respectively.

Ci; [GPa] 1 2 3 4 5 6
58.4 30.8 30.8 - - -
30.8 58.4 30.8 - - -
30.8 30.8 58.4 - - -
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Figure S5: Simulated energy-volume curve for faujasite (FAU) obtained with the PBEsol+D3 functional. The
black triangles show the data points and the blue curve shows a fit to the Birch-Murnaghan equation.
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Figure S6: Simulated energy-volume curve for zeolite EMC-2 (EMT) obtained with the PBEsol+D3 functional.
The black triangles show the data points and the blue curve shows a fit to the Birch-Murnaghan equation.
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Figure S7: Simulated phonon density of states (DoS) curves of the zeolites faujasite and EMC-2 obtained with
the PBEsol+D3 functional. Zeolite faujasite (FAU) is shown in blue, and EMC-2 (EMT) in red.
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Figure S8: Simulated infrared (IR) spectra of the zeolites faujasite and EMC-2 obtained with the PBEsol+D3
functional. Zeolite faujasite (FAU) is shown in blue, and EMC-2 (EMT) in red. The inset plot shows an expansion
of the region from 300-500 cm! to highlight a group of bands that could potentially be used to distinguish the two
structures using IR spectroscopy.
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