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Section S1. Comparison of molecular simulations and experimental data

Table S1. Comparison of adsorption capacities, adsorption selectivity and APS of zeolites
5A,13X and 4A for He and N2 and CH4 at 100 1 bar and room temperature.

Zeolite name Nuze(1 bar) Ny (1 ) simgte IHe ANz (VSA) APS [mol/kg]
[mol/kg] [1] [mol/kg] [2] 2 [mol/kg]
Zeolite 5A 1.17 x 107 0.536 458 0.439 201
Zeolite 13X 1.31x 103 0.290 221 0.261 58
Zeolite 4A 5.75x 10 0.313 54 0.275 15
Table S2. Experimental N, adsorption data for the MOFs used in Figure 1 (left).

CCDC ldentifier MOF name Pressure range [bar] | Temperature [K] Reference
FIQCEN Cu-BTC/HKUST-1 P<1 298 [3]
FIQCEN Cu-BTC/HKUST-1 1<P<8 295 [4]
EDUSIF IRMOF-1 P<1 298 [5]
EDUSIF IRMOF-1 1<P<20 297 [6]

YUVSUE Bio-MOF-11 P<1 298 [7]
BEYSEF Bio-MOF-12 P<1 298 [7]
RUBTAK Ul0-66 P <20 298 [8]
UNOBOR Co3(btdc)3(bpy)2 P<1 298 [9]
Table S3. Experimental N2 adsorption data for the zeolites used in Figure 1 (right).

IZA ldentifier Zeolite name Pressure range [bar] | Temperature [K] Reference
BEA Pure silica zeolite beta P<1 303 [10]
CHA Pure silica chabazite P<1 303 [10]
FER Siliceous ferrierite P<1 303 [10]
MFI silicalite-1 P<1 303 [10]
STT SSz-23 P<1 303 [10]
AEL AIPO-11 P<1 296 [11]
ERI AIPO-17 P<1 298 [12]
AE| AIPO-18 P<1 298 [12]
ATT AIPO-33 P<1 298 [12]
ZON Uio-7 P<1 298 [12]
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Figure S1. Comparison of calculated N2 uptake at 303 K and 1 bar obtained using different
force field models for 5 different pure silica structures (BEA, CHA, MFI, FER, STT) with the
corresponding experimental data [10].
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Figure S2. Comparison of experimental and molecular simulations data for He and N

permeance for MOFs and zeolites.



Table S4. Experimental He and N2 permeance data for the MOFs used in Figure S2.

Idig:i)fir MOF name Molecule Th;;‘;?f s Presig;]feed 56!551:6;;& TemF‘e(r]ature Reference
FIQCEN CuBTC He (Single) 30 2 1 298 [13]
FIQCEN CuBTC N2 (Single) 30 2 1 298 [13]
EDUSIF MOF-5 He (Single) 14 2.7 1.01 298 [14]
EDUSIF MOF-5 N2 (Single) 14 2.7 1.01 298 [14]
QONQEQ MIL-53 (Al) He (Single) 60 0.6 Vacuum 298 [15]
QONQEQ MIL-53 (Al) N2 (Single) 60 0.6 Vacuum 298 [15]
GITTUZ ZIF-68 He (Single) 40 2 1 298 [16]
GITTUZ ZIF-68 N2 (Single) 40 2 1 298 [16]
OFERUN ZIF-8 He (Single) 80 2 1 298 [17]
OFERUN ZIF-8 N2 (Single) 80 2 1 298 [17]
EDUSUR IRMOF-3 He (Single) 10 1 Vacuum 298 [18]
EDUSUR IRMOF-3 N2 (Single) 10 1 Vacuum 298 [18]
Table S5. Experimental He and N2 permeance data for the zeolites used in Figure S2.
1ZA . Thickness Pressure feed Pressure Temperature
dentifier Zeolite name Molecule (] [bar] permeate K] Reference
[bar]
DDR DD3R He (Single) 10 5 1 301 [19]
DDR DD3R N2 (Single) 10 5 301 [19]
AFI SAPO-5 He (Single) 10 2 1 298 [20]
AFI SAPO-5 N2 (Single) 10 2 1 298 [20]
MOR Mordenite He (Single) 20 2 1 298 [21]
MOR Mordenite N2 (Single) 20 2 1 298 [21]




Section S2. Structure — adsorption performance relationships
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Figure S3. Comparison of the structural parameters of the initial MOF (red dots) and zeolites
(blue dots) databases.
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Figure S4. Henry's constant (K °) versus pore limiting diameter (a), largest cavity diameter (b),
accessible surface area (c), porosity (d), density (e) and accessible volume (f) for He and Na.



10% 4 ‘ a 104 3 ° b
L
4 3 °®
10° 10% 4 :
2 4
€ 102 4 é 102 -
7 o
’ ? e MOF
® MOFs 2 |'S
10 4 ® Zeolites 10t 4 ° eolites
SR
A ° ® o o o P
¢ e, ..-':?f?"\!':.." ....,".’
10° : J J ! T T T 1 10° T T T T T T T 1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 20
PLD [A] LCD [A]
10% 4 ‘ 10% °
] C
. [y d
10° 5 10° :
2 2 )
2 >
£ 1074 MOFs g 102 . * MOFs
D Zeolites| O e Zeolites
10* A 10t
° © ° .’ .
10° T 10° T T T T - 1
10 10* 0,0 0,2 0.4 0,6 08 1,0
Void Fraction
10% 4 ° 104
3 e f
(XY
10° 4 10°
L [o}
3 2
£ 107 5 . 2402
@ o
n %)
10" 5 10" e Zeolites
MOFs e MOFs
Zeolites .- .
:I-O0 T T T T T T T T 1 100 T T 1
0 1 2 3 4 5 5 6 7

Density [10° kg/m?)]

Accessible Volume [cm®/g]

Figure S5. Adsorption selectivity (S2; N,/He) VErsus pore limiting diameter (a), largest cavity
diameter (b), accessible surface area (c), porosity (d), density (e) and accessible volume (f) for
MOF and zeolite structures.



Section S3. Comparison of ideal and mixture adsorption selectivities
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Figure S6. Comparison of ideal Sgy y, Jie and Szt vy, Mixture adsorption selectivities of
MOFs (left) and zeolites (right) at 1, 3, 10 bar. Bulk composition of the mixture is equimolar.



Section S4. Relationship between APl and APS metrics
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Figure S7. Relationship between API and APS metrics for vacuum swing adsorption (left) and
pressure swing adsorption (right). Metal-organic frameworks are marked with blue dots, zeolites
are marked with red dots.



Section S5. Comparison of the structural properties PDF for the best 50 MOF structures for VSA and PSA with all MOF structures
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Figure S8. Comparison of the smoothed probability denéity distribution (PDF) of structural properties for the best 50 MOF structures with all MOF
structures considered in this study for the VSA separation process. The bottom of each figure shows the range of effective structural properties that
comprise over 90% of the Top 50 MOFs database for VSA.



a b C
. A ASA[m?/
PLD [A] LCD[A] - [m°/g]

teop 150 0.003 »
1,25; 1.25)

E ﬂ,ﬂﬂl:
100} 1.00 I
ﬂ75i —

[ s . st e Selected structures
050} . 0.50 - R

| / gy Selected structures Selected structures - e
0255 A = o — e % B T T 2000

P T — s  —  —— A . i ——

T e I e i e ,
025/ \\\ _ e e 0261 Cee————— [ =S B
All structures All structures [

LL 050! 0001
076! % I All structures
I 3.75 6.3 4.2 71 0002/
1.00| I | 1.00 | [
128 e i 300 1400
o0 160 | |
0.004
d o ;
3 . -3 3
AV [em®/g] Density [107° kg/m’] VF
»r 20 ol
o tsi o
[ I 6L
"’; //\ 10t // N Selected structures 4 =
r / [ £
s A \ 05t ¢ 9 o Selected structures
P/ e Selected structures I N f
L/ . y ————— o .
3 2 0 IO < i A e s s st s e o 0 02 04 06 08
] 0.1 02 03 04 0 05 10 15 20 25 3.0
5 o e —————
£ == — B e R DS —— i —
P~ g g 2 - Al struct
I e All structures t N ) N structures
s o5 \ / o “ul
[ [ A
100 ""E 3 / All structures s
r [ 4 s
. 0.03 0.18 18l 0.9 25 -0.05 0.2

] | |

20~

wl

Figure S9. Comparison of the smoothed probability density distribution (PDF) of structural properties for the best 50 MOF structures with all MOF
structures considered in this study for the PSA separation process. The bottom of each figure shows the range of effective structural properties that
comprise over 90% of the Top 50 MOFs database for PSA.



Section S6. Characteristics of Top 10 MOFs for adsorption-based separation

Table S6. Characteristics of Top 10 MOFs for VSA separation.

Type Structure I;cl:_DD [[AA]]/ R [méll>lkg] T Ny He API [mpc;llz;ig]
MOF SEHVOQ 5.95/3.89 0.85 1.35 324.4 1858 438
MOF FIVQOR 4.64 1 4.07 0.83 1.03 359.4 1861 370
MOF ZUTBUN 4.4413.87 0.83 0.91 320.9 1493 290
MOF UZATAR 4.92/3.77 0.83 0.71 361.1 809 257
MOF MITGOL 4.98/3.86 0.85 0.72 348.7 822 250
MOF PONPOX 45713.78 0.82 0.85 286.0 1322 242
MOF POKVAO 5.22/4.00 0.80 0.56 400.9 406 225
MOF WAZCUX | 5.01/4.11 0.86 0.64 315.2 467 200
MOF XUJSAY 5.28/3.82 0.82 0.43 428.4 150 185
MOF MUVMOG 4.19/3.80 0.88 0.92 191.9 870 177
Table S7. Characteristics of Top 10 MOFs for PSA separation.
Type Structure LCD [A]/ R AN [mol/kg] e e He APS [mol/kg]
PLD [A] N/
MOF POLBIB 4.83/4.17 0.83 2.41 79.1 190
MOF CAYKEU 6.78/5.32 0.81 2.24 85.1 190
MOF ZAGHAT 4.21/3.99 0.82 2.08 75.7 157
MOF COQNIF 8.24/5.80 0.83 2.95 52.7 156
MOF TOPKIT 8.18/5.07 0.83 3.49 44.1 154
MOF NEYZAU 5.01/4.01 0.82 3.19 45.7 146
MOF KIRTUC 4.52/3.79 0.81 2.14 63.3 135
MOF ABULOB 451/3.77 0.82 2.10 60.8 127
MOF UXABOL 5.11/4.47 0.82 1.32 96.2 127
MOF NEFZOO 4771431 0.83 2.51 50.6 127




Section S7. Effect of electrostatic interaction on He/N. separation
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Figure S10. Influence of electrostatic interaction between N2 molecules and adsorbent atoms on
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relationship (c), diffusion coefficient (d), permeability (e) and membrane selectivity (f). Metal-
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Section S8. Structure — diffusion performance relationships
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Figure S12. Diffusion coefficient (D°) versus pore limiting diameter (a), largest cavity diameter
(b), accessible surface area (c), porosity (d), density (e) and accessible volume (f) for He and
Na.
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Section S9. Comparison of the structural properties PDF for the best 50 MOF structures for membrane separation process with all
MOF structures
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Figure S14. Comparison of the smoothed probability density distribution (PDF) of structural properties for the best 50 MOF structures with all MOF
structures considered in this study for membrane separation process. The bottom of each figure shows the range of effective structural properties that

comprise over 90% of the Top 50 MOF structures for membrane separation process.



Section S10. Chemical composition — membrane separation performance relationships
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Figure S15. Chemical composition distribution of MOFs by metal type. The outer pie chart
corresponds to the Top 50 best MOFs, the inner one corresponds to all MOFs considered in this
study.



Table S8. Characteristics of Top 10 MOFs for membrane separation.

Section S11. Characteristics of Top 10 MOFs for membrane-based separation

CCDC

LCD [A]/

Identifier PLD [A] Sods Ny /He s Ny/He | Saif He/N, TiiHen, | Phy[barrer] | PRX[Barrer] | Shemny/me | Smowm Ny He
MISQIQ * 4.16/3.92 885 565 2.1 1.3 1.22 x 10’ 3.20 x 10° 427 434
MORZID 4.20/3.99 694 490 3.6 1.6 2.98 x 10° 6.58 x 10°* 193 306
FIJYED 4.74/3.99 672 366 4.3 2.4 2.48 x 10° 6.08 x 10* 156 152
QOLVET 4.19/3.99 693 485 5.1 3.2 2.97 x 10° 6.25 x 10* 137 151
QIWDOR 4,48/ 4.05 08 92 1.5 1.1 3.00 x 10° 6.79 x 10° 66 83
SEHVOQ 5.95/3.89 345 301 6.2 3.9 2.36 x 10° 3.04 x 10° 56 77
WAZCUX 5.01/4.11 325 270 5.8 4.0 1.28 x 10° 1.24 x 10° 56 68
QOKCID 4.30/3.82 98 94 1.8 1.4 1.32 x 10° 3.92 x 10° 55 67
VUHJAK 4.40/4.24 134 113 2.2 2.0 4,56 x 10° 5.38 x 10* 61 57
IWELIG** 4571 4.44 137 121 2.4 2.4 2.66 x 10° 4.45 x 10° 58 50

*Since the CoRE Mof 2019 database contains 8 possible models of the same MISQIQ structure, the table shows averaged data for all MISQIQ structure
models.

**Since the CoRE Mof 2019 database contains 2 possible models of the same IWELIG structure, the table shows averaged data for all IWELIG structure
models.
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