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Supplementary information
Table S1 – Complete list of solvents used in this study alongside their experimental bulk surface 
tension (20 °C) and boiling point values. Data are taken from references 1, 2 and 3.

Solvent Bulk surface tension 

(mN m-1)

Boiling point 

(°C)

Acetone 23 56.5

Acetonitrile 19.1 82

Chloroform 27.1 61.2

Cyclohexane 25.3 80.7

Dichloromethane 27.8 39

1,4-dioxane 32.5 101.1

DMF 34.4 153

DMSO 42.9 189

Tetrachloromethane 26.8 76.7

Tetrachloroethylene 31.7 121.1

THF 26.4 (25 °C) 66
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Table S2 – Sources of nonbonded interaction parameters used in this study.

Sorbate molecule Forcefield

Nitrogen TraPPE-small4

Acetone TraPPE5

Acetonitrile TraPPE6

Chloroform OPLS-UA7

Cyclohexane TraPPE8

Dichloromethane Salas et al.9

1,4-dioxane TraPPE8

DMF Zeng et al.10

DMSO Vahid et al.11

Tetrachloromethane Guevara-Carrion et al.12

Tetrachloroethylene Goel et al13

THF TraPPE8



Figure S1 shows the adsorption behaviour of nitrogen in IRMOF-1 at 77 K measured experimentally 
and simulated from both grand canonical Monte Carlo simulations (labelled unbiased GCMC) and 
transition matrix Monte Carlo (TMMC). The data from both simulation methods agrees within the 
error bars thus validating that TMMC can be used to describe adsorption. The shape of the two 
simulated isotherms is very similar to the experimental isotherm but they are shifted towards lower 
pressure. We ascribe this to the choice of forcefield used, which has previously been shown to 
overestimate solid-fluid interaction strengths causing the onset of adsorption at lower pressures 
than in experiments.14 Despite this, the experimental and computational data largely agree in other 
aspects (total quantity adsorbed, isotherm shape), demonstrating that the adsorbed fluid behaviour 
was correctly modelled by the simulations. Accordingly, only adsorption configurations and energies 
were analysed in the remainder of this study, and no analysis the specific pressure values of fluid-
phase coexistence was carried out.

Figure S1 – A comparison of nitrogen adosprtion isotherms in IRMOF-1 at 77 K taken from 
experimental data (black), unbiased GCMC (blue) and TMMC (orange). Error bars are one standard 
deviation around the mean for unbiased GCMC, and ± 2 kbT for TMMC. Experimental data traken 

from reference 15.



Figure S2 – Comparison between experimental and TMMC-predicted bulk surface tension for solvent 
compounds used in this study. The black line represents parity between experimental and simulated 

results, while the shaded are represents 15% uncertainty around the experimental value.

Figure S3 (in external file) – Animation of acetonitrile probability density in IRMOF-1 at densities 
between 160-200 kgm-3 (30-40 acetonitrile molecules per unit cell).



To calculate sorbate phase nonuniformity and clustering within the framework, we calculated 
instantaneous interaction energies broken down by framework atom. Specifically, we focused on the 
carbonyl carbon atoms in the linkers, due to their symmetrically equivalent location within all pore 
spaces, and proximity to the metal-linker bonds which are critical for holding the network together. 
The distribution of total interaction energies on carbonyl carbon atoms is shown in Figure S4, broken 
down by their axial orientation within the unit cell (illustrated in Figure S4a). In all cases, the 
distribution of interaction energies should be approximately identical for all framework atoms due to 
the symmetrical nature of the crystal unit cell. This is true even in the case of preferential adsorption 
into different pore spaces within the MOF, as the distribution of pore spaces also remains 
symmetrically equivalent along the three crystal axes.

Figure S4 – Breakdown of instantaneous MOF-solvent interaction energies on carbonyl carbons by 
their orientation within the unit cell. (a) Illustration of the a- and b-axis orientations, along the same 

projection as in Figure 3 of the main article, (b) histogram of instantaneous energies per carbonyl 
carbon atom in the case of dichloromethane desorption, (c) histogram of instantaneous energies per 
carbonyl carbon atom in the case of acetonitrile desorption. Interaction strengths were calculated at 
sorbate densities of 330-410 kgm-3 and 200-240 kgm-3 respectively (40-50 sorbate molecules per unit 

cell in each case).

The distributions of solvent-carbonyl atom interaction strengths are shown in Figure S4b for 
dichloromethane and Figure S4c for acetonitrile. Dichloromethane acted as expected within the 
framework, with approximately identical interactions for all of the carbonyl carbon atoms within the 
MOF (Figure S4b). Further, this can be visualised in Figures 3, S3, and S5 – sorbate density is 
periodically distributed throughout the pore space, leading to uniform adsorption stresses in all three 
crystal planes regardless of dichloromethane’s preferential adsorption at sites close to the metal SBUs.

Conversely, histograms of acetonitrile interaction strength show a large difference depending on the 
linker’s axial orientation, indicating heterogeneous phase behaviour within the MOF’s pores. This 
behaviour is clearly asymmetrical, therefore cannot be explained by preferential filling of the larger 
pore spaces over the smaller (as that would lead to checkerboard-like solvent phases, which remain 
symmetrical).



Figure S5 (in external file) – Animation of acetonitrile probability density in a 2x2x2 supercell of 
IRMOF-1 at densities between 160-200 kgm-3 (30-40 acetonitrile molecules per unit cell). 

Figure S6 - Comparison of fluid-fluid and fluid-MOF interactions strengths for (blue) acetonitrile and 
(orange) dichloromethane in IRMOF-1, normalised by number of adsorbed molecules.
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