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Figure S1. Pore size distributions (PSDs) of NOTT-100a, NOTT-101a, NOTT-102a, NOTT-103a,
and NOTT-109a. PSDs were calculated using the well-known method by Gubbins et al.*® The van der

Waals diameters of the framework atoms were adopted from the Cambridge Crystallographic Centre.
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Figure S2. Excess (a) and absolute (b) high-pressure methane sorption isotherms of NOTT-101a at

different temperatures. The filled and open symbols represent adsorption and desorption, respectively.
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Figure S3. Excess (a) and absolute (b) high-pressure methane sorption isotherms of NOTT-102a at

different temperatures. The filled and open symbols represent adsorption and desorption, respectively.
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Figure S4. Excess (a) and absolute (b) high-pressure methane sorption isotherms of NOTT-103a at

different temperatures. The filled and open symbols represent adsorption and desorption, respectively.
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Figure S5. Excess (a) and absolute (b) high-pressure methane sorption isotherms of NOTT-109a at

different temperatures. The filled and open symbols represent adsorption and desorption, respectively.
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Figure S6. Excess (a) and absolute (b) gravimetric methane sorption isotherms at 300 K for all MOFs

investigated. Excess (c) and absolute (d) volumetric methane sorption isotherms at 300 K for all MOFs

investigated.
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Figure S7. Excess methane uptake, C, (cm®g, STP) at 35 bar and 300 K versus pore volume, Vp,
(cm*/g) according to the empirical equation: C = - 126.69 ><Vp2+ 381.62 xV, -12.57.
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Figure S8. The loading dependence of the isosteric heat of methane adsorption in all MOF samples
investigated.
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Table S1. Methane adsorption in the selected MOFs.

Excess CHy  Absolute CH,4 Deliverable
Seer®  Seer® A A D¢ Uptake® Uptake* Capacity*® i Pore
[m%g] [m%em® [ecm®/g] [em*/em®] [g/cm?] [em®/g] [em®/g] [em®/g] occupancy?
([em%cm?]) ([em®cm?®]) ([em®cm?])

Reference

MOFs

2 BET surface area; ° pore volume; © framework density; © at 35 bar and room temperature; © Defined as the difference in adsorbed
amount between 35 and 5 bar at room temperature; ' Density of adsorbed methane in micropores; ¢ pore occupancy under 35 bar and
room temperature is defined as excess methane storage amount under 35 bar and room temperature divided by excess saturated methane

s storage amount, which was determined at 150 K. The absolute methane uptakes over 180 cm®/cm? are highlighted in red. The delivery

amounts of methane over 135 cm*/cm?® are highlighted in italic and bold.
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Table S2: Comparison of the experimental excess methane uptakes at 35 bar and ambient temperature
and the predicted ones according to the established empirical equation and pore volumes.*®

Experimental Predicted
Excess methane uptake at 35 bar Excess methane uptake at 35 bar
MOFs PoEg n\1/§>/|g|J]me [cmlg] (lem®em?]) [em*lg] (lem¥lem?]) Reference

#reported in 290 K; ° reported in 290 K, and using the solvated framework density of 0.871 cm®/g.
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Details of GCMC simulation
To locate the CH,4 adsorption sites other than the open Cu ions, we performed grand canonical Monte
Carlo (GCMC) simulations of methane adsorption in the five MOFs (with the open Cu sites
preoccupied by methane) using classical force-field method.”” In the simulation, both the CHy
s molecules and the frameworks were treated as rigid bodies. The standard universal force field was
used to describe the methane-framework interaction and the methane-methane interaction. A 2>2x1
MOF supercell was used as the simulation box. 2x10” steps were used for equilibration and additional
210" steps were used to calculate the ensemble average of CH, adsorption sites and thermodynamic
properties. More technical details of our GCMC simulations can also be found in our previous work.?
w Simulations were performed at T = 200 K, 300 K, and at various pressures. The probability distribution
of adsorbed CH4 was generated from the simulation after the equilibrium stage, and representative
results are shown in Figure S9 to S11 as examples. It is clear from the results that with increasing
pressure, CH, molecules first get adsorbed at the channels interconnecting the two pores, then the
surfaces of the empty pore get populated (note that the surface of the other pore is already preoccupied
s by methane molecules on the Cu site), and finally the central voids of the two pores get filled. In
NOTT-100a and NOTT-109a, the locations of the adsorbed methane are relatively well-defined
because of their small pores. In contrast, the adsorption in the large pore of NOTT-101a, NOTT-102a,
and NOTT-103a is much more diffused due to weaker methane-framework interaction. Finally, we
note that at RT, the CH,4 adsorption locations identified are essentially the same, while the gas

» populations on different sites become less distinctive than those at 200 K.*%3!
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Figure S9. Probability distribution of the CH, center of mass in NOTT-100a (MOF-505a) unit cell
(top view and side view), obtained from GCMC simulation at 200 K, and 0.001 bar (left) and 0.10 bar
(right). The yellow regions represent the places where methane molecules are populated in the MOF

s structure. Note that the open-Cu site is preoccupied with CH4 molecules in order to focus our effort on
the search of other methane adsorption sites.

Figure S10. Probability distribution of the CH,4 center of mass in NOTT-109a unit cell (top view and
w0 Side view), obtained from GCMC simulation at 200 K, and 0.001 bar (left) and 0.10 bar (right).
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Figure S11. Probability distribution of the CH,4 center of mass in NOTT-101a unit cell (top view and
side view), obtained from GCMC simulation at 200 K, and 0.001 bar (left) and 0.10 bar (right).

s Disclaimer: Certain commercial equipment, instruments, or materials are identified in this paper to

foster understanding. Such identification does not imply recommendation or endorsement by the

National Institute of Standards and Technology, nor does it imply that the materials or equipment

identified are necessarily the best available for the purpose.
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