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SI_Movie_1:Conformation of Cu;(L) as a function of pressure and Ne inclusion.

A. Experimental Details
Recrystallisation of Dicopper Pacman

The dicopper Pacman complex was synthesised by reported procedures.? Single crystals of dicopper
pacman were then recrystallised by slow evaporation in dichloromethane to give large black, rod
shaped crystals.

Ambient Pressure Single Crystal X-ray Diffraction

A single crystal measuring 50 x 50 x 100 um?® was cut from a larger crystal. Single-crystal diffraction
data were collected at ambient pressure and at room temperature and 100 K using synchrotron
radiation (E = 16.5 keV) on Beamline 11.3.1 at the Advanced Light Source.?

High Pressure Single Crystal X-ray Diffraction

An irregular block shaped crystal was cut from the bulk sample measuring ca. 70 x 80 x 90 um? and
loaded into a BX90 type diamond anvil cell (DAC) along with a ruby sphere for pressure determination.
The cell was constructed using Boehler-Almax diamonds with a 500 um culet set in tungsten-carbide
backing seats. The gasket material forming the sample chamber was rhenium; its initial diameter was
320 um and its initial thickness was ca. 110 um. The cell was then gas loaded with neon gas as a
hydrostatic medium.
High-pressure single crystal diffraction data were collected on compression of the sample in

steps of ca. 0.8 GPa from 1.30 to 8.13 GPa using synchrotron radiation (E = 25 keV) on Beamline 12.2.2
at the Advanced Light Source.* Pressure measurements were performed by the ruby fluorescence
method.’

Decompression of the sample resulted in degradation of the single crystal into multiple domains,
and no discernible diffraction data could be obtained.

Structure Solutions and Refinements

All diffraction data were processed using the Bruker suite of programs.® Data reduction was
performed by SAINT” and dynamic masks generated by ECLIPSE® were used to mask shaded detector
regions from the cell body in the high-pressure data sets. Absorption and systematic error corrections
were applied using SADABS® and space group determinations by analysis of systematic absences were
performed using XPREP.X® The ambient pressure-temperature and low temperature structures were



solved by direct methods (SHELXT)!! and all data refined against |F|? using SHELXL!? as part of the
OLEX2 graphical user interface.®

The 3D coordinates of the ambient pressure-temperature structure were used as a starting
model in the first high-pressure structure refinement; all subsequent structures were then modelled
on the coordinates of at the preceding pressure. Non-hydrogen and non-metal bond distances in the
high-pressure structures were restrained to be similar to those of the ambient temperature and
pressure structure. Methyl hydrogen atoms were located in ‘circular’ difference syntheses carried out
about the locus of their possible positions; the orientation of the group was allowed to refine while
holding the CH distances and HCH angles fixed to ideal values. Other hydrogen atoms were placed in
ideal positions and treated with a riding model.

All non-hydrogen atoms in the ambient pressure structures were refined with anisotropic
displacement parameters. Only copper atoms were refined anisotropically in the high-pressure
structures to reduce the number of refined parameters and improve the low data to parameter ratio.
For the structures at 4.67 GPa and above a non-standard unit cell setting is used (with 8 <90°) to
facilitate structural comparisons with the structures determined at lower pressure. Full
crystallographic details are given in Table 1.

The atoms which become intercalated into the structure at 4.67 GPa were assigned as neon
as this is was the hydrostatic medium used and it was surrounding the crystal. During review, it was
suggested that the atoms may be oxygen, arising from ingress of water. This hypothesis can be ruled
out on the following basis:

1. Prior to loading with neon the crystal was exposed to high vacuum in the gas-loader. This would
have had a drying effect on the sample.

2. Any liquid water present in the sample would likely have crystallised as strongly scattering ice at ca
1 GPa (we have seen phase VI previously under these conditions) and been visible in the diffraction
patterns.

3. The neon atoms are located in hydrophobic regions of the structure, and would be expected to H-
bond to each other if they were in reality water, aqueous OH and O being the best donor/acceptor
pair in the postulated structure. In the crystal structure at 4.46 GPa the only Ne...Ne distance less than
3 Ang is between two symmetry-equivalent Ne4 sites, 2.57 Ang. Although this is a plausible distance
for the O...0 interaction in a water dimer, it is a discrete interaction, with no further links made to
other neon atoms. The next shortest distance is 3.26 Ang between Nel and Ne2. This pattern of
contacts is not what would anticipated in a hydrate of Cu,(L).

4. Finally if the Ne atoms are re-assigned as oxygen, and the structure re-refined, R; increases from
8.03 to 8.66%.

Calculation of Molecular Volumes

The molecular volumes of the pacman complexes were calculated via void volumes obtained
using MERCURY. Neon atoms were removed prior to calculations in the neon-containing co-crystal
structures. The calculations employed the contact surface algorithm which maps the entire void
surface regardless of probe accessibility. The probe radius was 0.2 A with a grid spacing of 0.1 A (the
minimum values allowed by the program). A chemically meaningful probe radius of 1.2 A,
representative of the radius of a molecule of H,, was also tested but resulted in zero accessible volume.
The interstitial void volumes reported here are not solvent accessible. The void volumes enable the
molecular volumes of the pacman complex to be calculated according to [total unit cell volume — void
volume]/Z. Void and molecular volumes are given in Table 2.



Other Programs Used

PIXEL packing energy calculations were carried out using CLP-PIXEL.}>'® Molecular electron
densities were calculated using GAUSSIANO9Y with the B3LYP/6-31G** level of theory and basis set.
CH distances were reset to 1.083 A prior to the electron density calculations. The electron density was
calculated in steps of 0.08 A, with a condensation level of 5 used for the energy calculations.
Equations-of-state (EOS) were determined using EOSFit-7,'® and strain tensor calculations were
performed using the program STRAIN.'®?° Geometries were measured using DIAMOND?' and
PLATON.?



B. Supplementary Tables

Table S1 Experimental details. All structures are monoclinic, C2/c with Z=8. H-atom parameters were constrained. T=298 K unless otherwise specified.
A = 0.7749 and 0.4959 A for the ambient and high-pressure collections, respectively. Measurements at 2.01 and 2.52 GPa contain unit cell information

only as detector saturation problems degraded the quality of the intensity measurements in these cases.

Pressure (GPa) 0.00 0.00 (T=100K) 1.30 2.01 2.52 3.46

Chemical formula Ca2Ha0Cu2Nsg Ca2Ha0Cu2Ns Ca2Ha0Cu2zNsg Ca2H40Cu2Nsg Ca2Ha0CuzNs Ca2Ha0Cu2Nsg

M: 783.90 783.90 783.90 783.90 783.90 783.90

a, b, c(A) 25.3657 (15), 9.9388 |25.1863 (18), 9.9249 |24.808 (6),9.6971  [24.557 (3),9.5814  |24.4289 (17), 9.5291 |24.281 (3), 9.4519
(6),29.1779 (17) (7), 28.570 (2) (12), 27.648 (3) (8),27.013 (2) (4), 26.7021 (10) (6), 26.2355 (15)

B(°) 92.788 (2) 91.745 (3) 92.073 (4) 91.877 (2) 91.748 (1) 91.553 (2)

V(A3 7347.2 (8) 7138.5 (9) 6646.7 (19) 6352.4 (11) 6213.0 (6) 6018.8 (8)

it (mm?) 1.51 1.55 0.50 0.53 0.54 0.56

Crystal size (mm)

0.10 x 0.05 x 0.05

0.1 x0.05 x0.05

0.09 x 0.08 x 0.07

0.09 x 0.08 x 0.07

0.09 x 0.08 x 0.07

0.09 x 0.08 x 0.07

Tmin, Tmax

0.643, 0.746

0.644, 0.747

0.430, 0.744

0.6454, 0.7438

0.585, 0.744

0.619, 0.744

No. of measured, ind-
ependent and
observed [/ > 20(/)]

37975, 6712, 5654

64755, 14237, 11627

10411, 2283, 1617

7264, 1396, 1214

11548, 2468, 1896

12029, 2374, 2067

reflections

Rint 0.104 0.090 0.171 0.042 0.046 0.041

(sin B/A)max (A1) 0.603 0.781 0.588 0.500 0.625 0.625

R[F? > 20(F?)], wR(F?), S 0.076, 0.195, 1.03 |0.054, 0.148, 1.05 |0.099, 0.283, 1.04 [N/A N/A 0.048, 0.134, 1.10
No. of parameters 478 478 227 N/A N/A 228

No. of restraints 0 0 52 N/A N/A 52

Apmax, Apmin (e A3) 0.77, -0.65 0.92,-0.76 0.52,-0.71 N/A N/A 0.67,-0.44




Table 1 Experimental details continued

Pressure (GPa)

4.67

5.17

5.81

6.90

8.13

Chemical formula

Cs2H40Cu2Ng-Ness

Cs2H40Cu2Ng-Nes s

Ca2H40CuzNg-Nes s

Ca2H40Cu2Ng-Nes s

Cs2Ha0Cu2Ng-Ness

M: 854.53 854.53 854.53 854.53 854.53

a, b, c(A) 24.259 (6), 9.2882 (15), 24.215 (6), 9.2391 (16), 24.115 (4), 9.2099 (11), 23.997 (3),9.1398 (8), 23.811(7),9.0709 (19),
26.841 (4) 26.599 (5) 26.461 (3) 26.1160 (18) 25.766 (5)

B(°) 84.039 (8) 84.042 (8) 83.888 (7) 83.750 (5) 83.532 (7)

Vv (A3 6015 (2) 5919 (2) 5843.5 (13) 5693.8 (9) 5530 (2)

u (mm?) 0.57 0.58 0.59 0.60 0.62

Crystal size (mm) 0.09 x 0.08 x 0.07 0.09 x 0.08 x 0.07 0.09 x 0.08 x 0.07 0.09 x 0.08 x 0.07 0.09 x 0.08 x 0.07

Tmin, Tmax 0.463, 0.744 0.227,0.744 0.647,0.744 0.595, 0.744 0.187,0.744

No. of measured,
independent and
observed [/ > 20(/)]

7250, 1840, 1294

10068, 2208, 1477

11494, 2463, 1778

11829, 2325, 1623

10611, 2272, 1285

reflections
Rint 0.118 0.072 0.105 0.093 0.104
(sin B8/A)max (A1) 0.588 0.625 0.625 0.625 0.625

RIF?>20(F?)], wR(F?), S

0.080, 0.191, 1.09

0.050, 0.117, 0.95

0.070, 0.189, 0.98

0.079, 0.211, 0.96

0.065, 0.162, 0.92

No. of parameters

241

240

240

240

240

No. of restraints

52

52

52

52

52

Apmax, Apmin (e A-S)

0.48, -0.49

0.43,-0.38

0.58,-0.75

0.77,-0.76

0.46,-0.38




Table S2 Molecular volumes, unit cell volumes and their respective void contents, of Cu-Pacman complexes at different pressures. Details of the method
used for calculating these data are given under Calculation of Molecular Volumes in Section A.

Complex Pressure (GPa) Veenl (A%) Vyoid (A%) % Void Vol Temperature (K)
[Cu2(L)] 0.00 7138.5(9) 2171.55 304 620.85 100
0.00 7347.2(8) 2412.46 32.8 616.84 298
1.30 6646.7(19) 1665.61 25.1 622.65 298
3.46 6018.8(8) 1068.7 17.8 618.65 298
[Cu2(L)]-Ness 4.67 6015(2) 1127.51 18.7 610.96 298
5.17 5919(2) 1053.94 17.8 608.96 298
5.81 5843.5(13) 998.13 17.1 605.67 298
6.90 5693.8(9) 886.76 15.6 600.90 298

8.13 5530(2) 771.24 13.9 594.81 298




C. Supplementary Figures

Figure S1 (a) The six strongest molecular contacts surrounding the central
reference molecule are labelled A—F and (b) layered stacking along a. This is a copy
of Fig. 2 in the main paper with the atoms shown in space-filling format to show
the non porosity of the crystal structure.



<
e-—-- %

A
]
]
1
I
1
1
1
1

L

O

4.75 GPa

Figure S2. The contents of the DAC before and after neon freezing. The outline of the crystal

and the ruby sphere prior to neon freezing (white dashed line) is superimposed on the post
neon freezing image to highlight the change in crystal size and shape.



Figure S3 (a) The crystal structure of Cu,(L) at 3.46 GPa. The figure was prepared in Mercury with a probe radius of 0.6 A and a grid spacing of 0.3 A. The
default values of these parameters suitable for finding solvent-accessible voids are 1.2 and 0.7 A, respectively, but no void space is found using these
settings. (b) The crystal structure of Cu,(L).3.5Ne at 4.67 GPa. (c) Superposition of (a) and (b). (d) As (b) with the Ne drawn is space filling mode assuming
a van der Waals radius of 1.54 A. This value is taken from Bondi’s compilation, a more recent estimate by Alvarez is 1.58 A.
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Figure S4 Neon atoms (1, 2, and 4) situated between the layers of pacman
molecules at 4.67 GPa. Hydrogen atoms are omitted for clarity.
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Figure S5 The Ne3---C shortest contacts (less than 3 A) within the macrocyclic layers at 4.67
GPa. Hydrogen atoms are omitted for clarity.
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Figure S6 A view of the pacman complex (a) at 3.46 GPa before the phase transition and (b)
just after the transition at 4.67 GPa.
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Figure S7 (a) the bite angle © and (b) the twist angle @. Figure adapted from Stevens et al.?
The angles were calculated in the program DIAMOND.
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Figure S8: Variations in the interplanar angles between the two pyrrole based
halves of the macrocyclic pockets for Cul and Cu2. The planes about Cu 1 are
defined by atoms [N1, N2, C1-C5] and [N3, N4, C9-C13]. Those about Cu2 are
defined by [N5, N6, C30-C34] and [N7, N8, C22-26].
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