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Table S1 Initial number of gas molecules and gas region length for simulations of different MOF 

thicknesses. 

MOF layer thickness 

 (unit cells) 

Initial number of gas 

molecules 

Gas region length (nm) 

4 740 40.4 

6 1110 60.6 

8 1480 81.1 

10 1850 101.1 

12 2220 121.3 
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Figure S1 Temperature of HKUST-1 with 4, 6, 8, 10 and 12 unit cell thicknesses as a function of 

time during gas adsorption. 
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Figure S2 Time evolution of the number of gas molecules in the MOF for thicknesses of (a) 6, 

(b) 8, and (c) 10 unit cells. 
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To study the diffusion mechanisms of methane in HKUST-1, four MD simulations with different 

velocity distributions and gas molecule position were performed for a system containing a single 

methane molecule inside a 2×2×2 unit cell sample of HKUST-1 with periodic boundary 

conditions in all directions. The potential energy of the gas molecule as a function of time is 

plotted in Figure S3. The big and small jumps in potential energy are associated with two 

hopping mechanisms for diffusion with different time scales: (a) travel from large pores to large 

pores, and (b) travel between large and small pores. 

 

Figure S3 Potential energy of a single molecule in HKUST-1. 
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Figure S4 Gas temperature in MOF and gas regions for a thickness of 6 unit cells. 
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Figure S5 Number of adsorbed gas molecules for the 4 unit cell thick MOF for four simulations 

with different initial velocity distributions. 
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The time evolution of the kinetic energy of the whole system for each MOF thickness 

considered is shown in Figure S6 from the beginning of adsorption (i.e., when the artificial walls 

are removed) until steady state. In all cases, the kinetic energy increases as gas molecules are 

adsorbed into the MOF pores. This results indicates that, as expected, methane adsorption is an 

exothermic process. The heat generated during this exothermic adsorption converts to kinetic 

energy of both gas molecules and MOF atoms.  

 

Figure S6 Time evolution of the kinetic energy of the whole system for different MOF 

thicknesses. 
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Figure S7 Fitting transient mass curves to the analytical solution given by Eq. (2) to extract the 

diffusivity and the interface permeability. 

Table S2 Predicted diffusivities and permeabilities for different MOF thicknesses. 

MOF layer thickness 

 (unit cells) 

Permeability (m/s) Diffusivity (10
-8
 m

2
/s) 

4 90.62 8.33 

6 87.26 7.98 

8 103.21 7.97 

10 71.80 11.07 

12 78.86 11.05 
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Green-Kubo calculation of diffusivity  

The Green-Kubo relation for diffusivity is
1
: 
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where N is the number of particles. 

The diffusivities as a function of temperature are shown in Figure S8.  

 

Figure S8 Diffusivity of methane in HKUST-1 as a function of temperature. 
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