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Table S1. Simulation conditions.

Total simulation

Mixture Adsorption (desorption) pressure (bar) cycles
CF4/CH4 (50/50) 1(0.1) 20,000
CH4/H, (50/50) 10 (1) 20,000
CH4/N, (50/50) 10 (1) 50,000
N,/H, (70/30) 1(0.1) >40,000
Table S2. Interaction parameters of the sorbates.

Molecule 6 (A) g/kg (K) q (e)
CF, (single-site) 4.66 134.0 0
CH, (single-site) 3.73 148.0 0

H, (single-site) 2.96 34.2 0
N N, 3.31 36.0 -0.482
COM N, 0 0 0.964

COM = center of mass
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Figure S1. CF4/CH,4 separation performance metrics of MTV MOFs along with their textural
properties.
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Table S3. Top 20 MOF adsorbents determined for the CF,/CH, separation.

Structure Fué‘:(t)i::;al Sads}’{CF"/C (iljlc/i:g R4C ' (;I)C P; L])C (Iif;g Vc:) i (z:l:j; Os P
s )y ) B A A ) Fn T
pMOF 10 bare 8.2 20 639 s 63w P00 0g03 2791
pMOF 26 bare 7.0 27 73 701 574 651 24370' 0'562 0.758  268.7
pMOF 8 bare 6.0 28 %0 64 s7a a1 P 0 os0s 2612
cuf 3865 F-F 7.8 2.4 7;" 635 574 634 1915' 0'28 0.580 2577
cuf_6620 F-F 6.9 24 T8 650 574 eso N0 0616 2550
cuf 9854 F-NH, 6.5 23 8690 smoes0 T 00 0ers 2497
cuf 5531  NH,~OCH; 7.4 23 76 s o760 P07 0 0696 2493
cuf 8405  NH,—OCH, 6.7 220 % sas ea4 777 0% O oam a4y
cuf 6621 F-NH, 6.3 25 " 650 574 650 2032' 0'758 0.609 2482
cuf_1081 F-NH, 6.6 23 % 650 574 eso % 008 o616 2480
cuf 800 F—OCH, 6.4 24 a2 smoror 20N 000 0730 2416
cuf 2789  NH,»-NH, 52 27 % 790 ses 790 T4 08 g0m 2474
cuf 2854 F-NH, 538 24 % 16 ses 650 0% 08 ogy 2472
cuf 5547  NH,~OCHj, 6.6 23 786' 703 574 6.75 2332' 0'35 6 0711 2465
cuf 8442 OCH,~OCH, 7.6 21 Tl ees ss1oees 100 0sss 2460
pMOY9 bare 55 25 5 733 501 655 5 0P osie 2454
cuf 584 OCH3$H2_N 6.2 24 70 752 eoa 752 P00 0% gm0 a3
cuf 3866 F-NH, 6.9 24 Ol 625 s 620 P00 927 osma a2
cuf 5869  NH,-NH, 6.6 2.1 8?' 780 574 7.38 27795' 0'261 0.854 2439
cuf 3149  F-NH,OCH; 49 25 82' 661 553 661 30167' 0'559 0.753 2438

GCD = global cavity diameter, PLD = pore limiting diameter, LCD = largest cavity diameter, SA = surface area, Void Fr. = void fraction, Pore
Vol. = pore volume, OSPS = overall separation performance score
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Figure S2. CH4/H,; separation performance metrics of MTV MOFs in tandem with their structural

properties.
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Table S4. Structural properties of 20 best performing MOF adsorbents for the CH4/H, separation.

Functional GCD PLD LCD SA  Void Yore
Structure Group (A) A) (A) (m¥g Fr. (c\;l(;ll.g | OSPS
cuf 2878 NH,—NH, 6.15 566 615 22743 0565 0.645  278.8
cuf 824 NH,~OCH; 6.14 572 614 1868.0 0536 0567 2722
cuf 818 F-OCH; 623 572 623 20183 0550 0578  269.5
cuf 586 NH,~OCH; 650 572 650 21403 0559 0641  267.1
cuf 110 OCH;—~OCH; 6.16 427 616 20835 0534 0611 2657
cuf 3153 NH,~OCH; 638 431 638 17051 0.501 0541  264.8
cuf 1627 F-OCH; 589 421 581 21714 0548 0.610  264.0
cuf 2872 F-NH, 622 566 620 24627 0577 0653 2632
cuf 7134 NH,—OCH; 629 469 622 20588 0.533 0557 2632
cuf 1633 NH,~OCH; 580 409 589 1969.1 0.529 0593  260.8
cuf 3160 F-OCH; 674 456 652 17705 0512 0549  260.3
cuf 3866 F-NH, 625 574 620 2030.1 0573 0574  258.9
cuf 2640 NH,—NH, 6.68 566 668 25439 0581 0712  257.4
cuf 810 NH,-OCH;—OCH; 742 637 742 1868.6 0.514 0.564  257.4
cuf 2160 NH,—OCH; 638 481 638 23212 0559 0679 2572
cuf 533 F-OCH; 679 572 619 2357.1 0578 0.655 2563
cuf 811  F-OCH,~OCH; 742 637 742 19883 0529 0576  254.6
cuf 3143 OCH;—OCH,; 544 394 543 11361 0437 0455  253.6
cuf 812 OCH;—~OCH; 599 569 599 13633 0474 0485  253.0
cuf 9626 NH,~NH, 580 449 589 21755 0570 0.631  253.0

GCD = global cavity diameter, PLD = pore limiting diameter, LCD = largest cavity diameter, SA = surface area, Void Fr. = void fraction, Pore
Vol. = pore volume, OSPS = overall separation performance score
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Figure S3. CH4/N, separation performance metrics and structural features of MTV MOFs.
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Table S5. Structural properties of 20 best MOF adsorbents identified for the CH4/N, separation.

Functional  GCD PLD LCD SA  Void Lo
Structure Group A) A) (A) (mlg) Fr. (cl’](;l/.g ) OSPS
cuf 2878 NH,-NH, 615 566 615 22743 0565 0645 2704
cuf 1627 F-OCHj; 580 421 581 21714 0548 0610 2682
cuf 586 NH,~OCH, 650 572 650 21403 0559 0641 2669
cuf 810  NH,~OCH;-OCH; 742 637 742 18686 0514 0564 2654
cuf 1633 NH,~OCH, 589 409 589 1969.1 0529 0593  265.0
cuf 811  F-OCH,~OCH, 742 637 742 19883 0529 0576 2648
cuf 735 NH,~OCH, 790 571 790 32776 0636 0851  264.1
cuf 818 F-OCHj; 623 572 623 20183 0550 0578  263.9
pMOF 44 bare 580 497 588 28230 0619 0754  263.0
cuf 2872 F-NH, 622 566 620 24627 0577 0653 2627
cuf 7134 NH,~OCH, 629 469 622 20588 0533 0557 2621
cuf 809 NH,~OCHj; 702 571 686 25573 0592 072 2616
pMOF 513 bare 1156 1139 1156 24775 0650 0937  261.6
cuf 824 NH,~OCHj; 614 572 614 18680 0536 0567 2615
cuf 110 OCH,~OCH,  6.16 427 6.16 20835 0534 0611 2615
cuf 2640 NH,~NH, 668 566 668 25439 0581 0712 2615
cuf 7812 NH,NH,NH, 673 504 673 28559 0582 0719 2614
pMOF 41 bare 690 571 688 30743 0635 0836 2612
cuf 533 F-OCH, 679 572 619 23571 0578 0655 2603
cuf 340 F-OCHj; 622 439 622 26485 0606 0727 2602

GCD = global cavity diameter, PLD = pore limiting diameter, LCD = largest cavity diameter, SA = surface area, Void Fr. = void fraction, Pore

Vol. = pore volume, OSPS = overall separation performance score
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Figure S4. N,/H, separation performance metrics and structural properties of MTV MOFs.
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Table S6. 20 best performing MOF adsorbents for the N,/H, separation.

Structure  Functional g ANy Ry, GCD PLD LCD SA  Veid ¢ oo
Group 2 molkg) (%) @A A @A) (m¥g) Fr. (cm/g)
cuf 110 OCH,~OCH,  11.0 05 8.0 616 427 616 2083.5 0534 0611 2918
cuf 916  OCHi~OCH; 117 04 895 579 490 578 14137 0449 0484 2909
cuf 824  NH~OCH; 107 04 893 614 572 614 18680 0536 0567 2813
cuf 7826  NH,NH,  10.5 04 890 58 475 587 17088 0529 0564 277.0
cuf 3153 NH,~OCH,  10.7 04 900 638 431 638 17051 0501 0541 2762
cuf 2160 NH,-OCH; 9.9 04 891 638 481 638 23212 0559 0.679 275.1
cuf 2320 NH,~OCH,  10.6 04 886 659 562 659 17912 0492 0564 2745
cuf 812 OCHi~OCH; 107 04 895 599 569 599 13633 0474 0485 273.9
cuf 2984  NH,~OCH, 105 04 892 619 483 614 19385 0520 0596 2734
cuf 818  F—OCH, 103 04 895 623 572 623 20183 0550 0578 2734
cuf 1210  NH,~OCH,  10.3 04 894 58 506 589 17377 0500 0573 2733
cuf 402 NH,~OCH, 9.5 04 892 616 437 616 24459 0585 0711 2723
cuf 2878 NH,-NH, 9.8 04 897 615 566 615 22743 0565 0.645 268.6
cuf 3143 OCH-OCH;  10.6 04  89.1 544 394 543 11361 0437 0455 2637
cuf 3866 F-NH, 9.8 04  89.6 625 574 620 2030.1 0573 0574 2625
cuf 2866 NH,~OCH;  10.0 04 889 599 566 599 16965 0517 0568 262.3
cuf 3164 F-NH,~OCH, 9.9 04 894 590 464 590 17611 0515 0536 257.5
cuf 3023 OCH;~OCH;, 9.4 04 892 607 484 607 19553 0507 0579 257.5
cuf 7827  F-NH, 9.5 04 889 589 475 587 17222 0.545 0577 2574
cuf 586  NH,~OCH, 89 04 888 650 572 650 21403 0559 0.641 2565

GCD = global cavity diameter, PLD = pore limiting diameter, LCD = largest cavity diameter, SA = surface area, Void Fr. = void fraction, Pore
Vol. = pore volume, OSPS = overall separation performance score

S10



Table S7. Representations of the linkers in the top 20 MOFs for the CF,/CH, separation.

Structure Representation Structure Representation
pMOF 10 cuf 800 w ] [
¢ } e { - ¢
.
pMOF 26 cuf 2789 4.
¢ ] [
pMOF 8 cuf 2854
& v
cuf 3865 cuf 5547
(& < }-0‘0-{
cuf 6620 & cuf 8442 i& M
¢ 3 [
cuf 9854 g pMOF 492 c.! ; i }{}'{ }'{}{
I ] {
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Atom coloring is as follows: Gray: C, Red: O, White: H, Blue: N, Yellow: F.
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Table S8. Representations of the linkers in the top 20 MOFs for the CH4/H, separation.

Structure Representation Structure i Representation
cuf 2878 “ 3 [ cuf 3160 ;

cuf 824 cuf 3866

cuf 818 cuf 2640

cuf 586 cuf 810

cuf 110 cuf 2160

cuf 3153 cuf 533
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cuf 1627

cuf 2872

cuf 7134

cuf 1633

cuf 811

cuf 3143 @ )":%-( } {

cuf 812

cuf 9626 % ] {
L

Atom coloring is as follows: Gray: C, Red: O, White: H, Blue: N, Yellow: F.
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Table S9. Representations of the linkers in the top 20 MOFs for the CH4/N,; separation.

Structure Representation Structure Representation

cuf 2878 | cuf 7134

cuf 1627 cuf 809

cuf 586 e | )MOF_513

cuf 810 cuf 824

cuf 1633 cuf 110

cuf 811 cuf 2640
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cuf 7812 % *%}( &{
PMOF 41 % }% }" {

cuf 533

cuf 2872

3 cuf 340
i }-“—{

Atom coloring is as follows: Gray: C, Red: O, White: H, Blue: N, Yellow: F.
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Table S10. Representations of the linkers in the top 20 MOFs for the N,/H, separation.

Structure Representation Structure Representation
cuf 110 T | af1210
cuf 916 H cuf 402
cuf 824 cuf 2878
cuf 7826 cuf 3143
cuf 3153 cuf 3866
cuf 2160 semmmmmmee | cuf 2866 i : 3 [
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cuf 2320

cuf 812

cuf 2984

cuf 818

cuf 3164 y ) }{ﬁ:{ }_{i_{
) e
- - -

cuf 3023

cuf 7827

cuf 586

Atom coloring is as follows: Gray: C, Red: O, White: H, Blue: N, Yellow: F.

S18



