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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.
29

 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. 

 

 5 

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
3
/g, STP) at 35 bar and 300 K versus pore volume, Vp, 

(cm
3
/g) according to the empirical equation: C = - 126.69 × Vp

2 
+ 381.62 × Vp -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. 

MOFs 
SBET

a 
[m2/g] 

SBET
a 

[m2/cm3] 
Vp

b 
[cm3/g] 

Vp
b 

[cm3/cm3] 
Dc

c
 

[g/cm3] 

Excess CH4 

Uptaked 
[cm3/g] 

([cm3/cm3]) 

Absolute CH4 

Uptaked 
[cm3/g] 

([cm3/cm3]) 

Deliverable 

Capacitye 
[cm3/g] 

([cm3/cm3]) 

df 
Pore 

occupancyg 
Reference 

NOTT-100a 1661 1539 0.677 0.627 0.9265 187 (173) 210 (195) 112 (104) 0.222 0.5466 This work 

NOTT-109a 2110 1667 0.850 0.671 0.7899 222 (175) 248 (196) 158 (125) 0.208 0.5092 This work 

NOTT-101a 2805 1918 1.080 0.739 0.6838 250 (171) 284 (194) 202 (138) 0.188 0.4493 This work 

NOTT-103a 2958 1903 1.157 0.744 0.6432 263 (169) 300 (193) 218 (140) 0.185 0.4361 This work 

NOTT-102a 3342 1962 1.268 0.745 0.5872 266 (156) 308 (181) 232 (136) 0.173 0.4064 This work 

    --        

NiMOF-74a 1027 1239 0.44 0.531 1.2060 158 (190) 166 (200) 70 (84) 0.269  1 

UTSA-40a 1630 1348 0.650 0.538 0.827 162 (134) 189 (156) 125 (103) 0.208  2 

UTSA-20a 1655 1505 0.630 0.573 0.9096 196 (178) 214 (195) 111 (101) 0.242  3 

PCN-14a 1753 1453 0.87 0.721 0.8288 252 (220) 264 (230) 157 (137) 0.217  4 

NOTT-107a 1770 1338 0.767 0.580 0.7559 228 (172) 259 (196) 146 (110) 0.241  5 

PCN-11a 1931 1445 0.91 0.681 0.7485 228 (171) 255 (191) 167 (125) 0.200  6 

Cu-TDPAT-a 1938 1518 0.930 0.728 0.7832 200 (157) 231 (181) 135 (106) 0.177  7 

SNU-50’a 2300 1495 0.9915 0.644 0.6499 265 (172) 306 (199) 204 (133) 0.220  8 

SDU-8a 2516 1607 1.02 0.651 0.6386 196 (125) 230 (147) 155 (99) 0.161  9 

SDU-7a 2713 1644 1.10 0.667 0.6060 226 (137) 264 (160) 185 (112) 0.171  9 

SDU-6a 2826 1727 1.17 0.715 0.6112 242 (148) 282 (172) 203 (124) 0.172  9 

ZJU-35a 2899 1906 1.156 0.760 0.6574 231 (152) 269 (177) 201 (132) 0.166  10 

ZJU-25a 2998 1865 1.183 0.736 0.6220 249 (155) 288 (180) 211 (131) 0.174  11 

PCN-61a 3000 1680 1.36 0.762 0.5600 259 (145) 307 (172) 227 (127) 0.161  12 

NU-125a 3120 1803 1.29 0.746 0.578 272 (157) 316 (183) 226 (130) 0.175  13 

PCN-66a 4000 1800 1.63 0.734 0.4500 244 (110) 302 (136) 224 (101) 0.132  12 

ZJU-36a 4014 1990 1.599 0.793 0.4958 234 (116) 285 (141) 228 (113) 0.127  10 

FJI-1a 4043 1637 1.430 0.579 0.4050 226 (91) 263 (107) 196 (79) 0.131  14 

NOTT-119a 4118 1486 2.35 0.848 0.3608 216 (78) 301 (109) 243 (88) 0.091  15 

NU-111a 4930 2016 2.09 0.855 0.409 266 (109) 337 (138) 266 (109) 0.115  16 

PCN-68a 5109 1941 2.13 0.809 0.3800 260 (99) 337 (128) 258 (98) 0.113  12 

DUT-49a 5476 1691 2.91 0.899 0.3088 266 (82) 368 (114) 162 (50) 0.090  17 
a BET surface area; b pore volume; c framework density; d at 35 bar and room temperature; e Defined as the difference in adsorbed 

amount between 35 and 5 bar at room temperature;  f Density of adsorbed methane in micropores; g 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 

storage amount, which was determined at 150 K. The absolute methane uptakes over 180 cm3/cm3 are highlighted in red. The delivery 5 

amounts of methane over 135 cm3/cm3 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.
a,b

 

MOFs 

Experimental Predicted 

Reference Pore volume 

[cm3/g] 

Excess methane uptake at 35 bar 

[cm3/g] ([cm3/cm3]) 

 

Excess methane uptake at 35 bar 

[cm3/g] ([cm3/cm3]) 

 

MOF-505a 0.677 187 (173) 188 (174) This work 

NOTT-109a 0.850 222 (175) 220 (174) This work 

NOTT-101a 1.080 250 (171) 251 (172) This work 

NOTT-103a 1.157 263 (169) 259 (167) This work 

NOTT-102a 1.268 266 (156) 267 (157) This work 

     

ZnMOF-74a 0.41 139 (171) 123 (151) 1 

NiMOF-74a 0.44 158 (190) 131 (158) 1 

CoMOF-74a 0.48 149 (174) 142 (165) 1 

MnMOF-74a 0.50 146 (158) 147 (159) 1 

UTSA-34b-a 0.542 168 (141)a 157 (132) 18 

MIL-53(Cr)-a 0.56 159 (165) 161 (167) 19 

Cu(SiF6)(4,4'-bpy)2-a 0.56 146 (125) 161 (138) 20 

MgMOF-74a 0.61 164 (149) 173 (157) 1 

UTSA-20a 0.63 196 (178) 178 (162) 3 

UTSA-40a 0.650 162 (134) 181 (150) 2 

Zn2(bdc)2(ted)-a 0.68 167 (137) 188 (154) 21 

HKUST-1a 0.76 200 (176) 204 (180) 22 

NOTT-107a 0.767 226 (171) 206 (155) 5 

PCN-14a 0.87 252 (220)b 224 (195) 4 

PCN-11a 0.91 228 (171) 229 (172) 6 

Cu-TDPAT-a 0.930 202 (158) 232 (182) 7 

IRMOF-6a 0.944 240 (155) 234 (152) 23 

SNU-50’a 0.9915 265 (172) 241 (157) 8 

PCN-46a 1.012 243 (150) 244 (151) 24 

SDU-8a 1.02 196 (125) 245 (156) 9 

IRMOF-1a 1.04 227 (135) 247 (146) 23 

PCN-16a 1.06 227 (164) 249 (181) 25 

SDU-7a 1.10 226 (137) 254 (154) 9 

[Zn3(OH)]4(tbcppm)(H2tbcppm)2-a 1.14 245 (166) 257 (174) 26 

SDU-6a 1.17 242 (148) 260 (159) 9 

ZJU-25a 1.183 249 (155) 261 (163) 11 

NU-125a 1.29 272 (157) 269 (155) 13 

PCN-61a 1.36 259 (145) 272 (152) 12 
a reported in 290 K; b reported in 290 K, and using the solvated framework density of 0.871 cm3/g. 
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Details of GCMC simulation 

To locate the CH4 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.
27

 In the simulation, both the CH4 

molecules and the frameworks were treated as rigid bodies. The standard universal force field was 5 

used to describe the methane-framework interaction and the methane-methane interaction. A 2×2×1 

MOF supercell was used as the simulation box. 2×10
7
 steps were used for equilibration and additional 

2×10
7
 steps were used to calculate the ensemble average of CH4 adsorption sites and thermodynamic 

properties. More technical details of our GCMC simulations can also be found in our previous work.
28

 

Simulations were performed at T = 200 K, 300 K, and at various pressures. The probability distribution 10 

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, CH4 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 

by methane molecules on the Cu site), and finally the central voids of the two pores get filled. In 15 

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 CH4 adsorption locations identified are essentially the same, while the gas 

populations on different sites become less distinctive than those at 200 K.
30,31

 20 
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Figure S9. Probability distribution of the CH4 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 

structure. Note that the open-Cu site is preoccupied with CH4 molecules in order to focus our effort on 5 

the search of other methane adsorption sites.  

 

 

Figure S10. Probability distribution of the CH4 center of mass in NOTT-109a unit cell (top view and 

side view), obtained from GCMC simulation at 200 K, and 0.001 bar (left) and 0.10 bar (right).  10 
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Figure S11. Probability distribution of the CH4 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).  

 

Disclaimer: Certain commercial equipment, instruments, or materials are identified in this paper to 5 

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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