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Figure S1. Schematic representation of the ZIF-8 chemical structure (a) and HKUST-1 chemical
structure (b).
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Figure S2. Wide angle powder XRD patterns of HMDA-PIM-1 (green), and HMDA-PIM-1-supported
ZIF-8 membrane after 1 cycle (orange), 5 cycles (red) and 10 cycles (purple). Simulated ZIF-8 is shown
for comparison (blue).
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Figure S3. Wide angle powder XRD patterns of AMD-PIM-1 (green), and AMD-PIM-1-supported
ZIF-8 membrane after 1 cycle (orange), 5 cycles (red) and 10 cycles (purple). Simulated ZIF-8 is shown
for comparison (blue).
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Figure S4. ATR-IR spectra of ZIF-8/HMDA-PIM-1 membrane, pure ZIF-8 powder and the HMDA-
PIM-1 support membrane.
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Figure S5. EDX spectrum of the cross-section of ZIF-8 deposited on the HMDA-PIM-1 membrane
after 5 growth cycles. The Au peak originates from the sputtering for SEM analysis.
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Figure S6. Wide angle powder XRD patterns of HMDA-PIM-1 (green), and HMDA-PIM-1-supported
HKUST-1 membrane after 1 day (orange), 3 days (red) and 5 days (purple) of HKUST growth.
Simulated HKUST-1 is shown for comparison (blue).
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Figure S7. Wide angle powder XRD patterns of BTC/HMDA-PIM-1 (green), and BTC/HMDA-PIM-1-
supported HKUST-1 membrane after 1 day (orange), 3 days (red) and 5 days (purple) of HKUST
growth. Simulated HKUST-1 is shown for comparison (blue).
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Figure S8. ATR-IR spectra of HMDA-PIM-1 membrane, pure HKUST-1 powder and HKUST-
1/HMDA-PIM-1 membrane. The characteristic bands of HKUST-1 are located at 700, 1380 and 1620
cm,
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Figure S9. EDX spectrum of the cross-section of the HKUST-1 layer grown on the HKUST-1/HMDA-

Pl 3.60 450

5.40

6.30

(]

810

PIM-1 membrane for 5 days. The Pt peak originates from the sputtering for SEM analysis.

Table S1. Transport data of sample PIM-1 and ZIF-8/PIM-1 sandwich membranes as a function of the

number of ZIF-8 growth cycles.

Sample Gas

(cycles gllj‘owth) Transport parameter ’ 0:  CO: CH: H He
Px [Barrer] 323 1015 6132 447 2745 1169

a (Px/PN2) - 314 1894 138 848 3.61
Dx [10712 m?-s71] 64.0 212 86.2 23.5 4012 5587

Neat PIM-1 a (D+/DN3) - 332 135 037 627 874
Sx [cm3(STP) cm3bar?!] 3.80 3.59 533 143 0.51 0.16

a (5+/SN2) - 095 14.04 376 0.14 0.04

Px [Barrer] 545 215 1365 67.2 803 422

a (P+/PN>) - 396 251 123 147 774

1 cycle Dx [10712m?-s71] 18.6 62,5 282 559 1575 3452
a (Dx/DN>) - 336 151 030 847 1855

Sx [cm3(STP)-cm3bar?!] 220 259 3631 9.02 0.38 0.09

a (5:/SN2) - 1.18 1654 411 0.17 0.04

Px [Barrer] 9.36 22.8 136 9.81 127 97.2

a (Px/PN>) - 244 145 105 136 104

5 cycles Dx [10712m?2-s71] 637 113 4.20 1.40 414 1127
a (Dx/DN>) - 1.77 0.66 022 65.0 1769

Sx [cm3(STP) cm?bar?!] 1.10 1.51 24.28 5.27 0.23 0.06

a (5:/SN2) - 1.37 22.04 478 021 0.06

Px [Barrer] 3.28 11.7 699 390 759 593

a (Px/PN2) - 356 213 1.19 232 181

10 cycles Dx [10712 m?-s71] 312 746 272 0.61 283 636
a (Dx/DN>) - 239 0.87 020 90.8 204

Sx [ecm3(STP) cm™3-bar?] 0.79 1.17 19.25 4.79 020 0.07

a (5:/SN2) - 149 244 6.07 026 0.09
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Table S2. Transport data of sample AMD PIM-1 and ZIF-8/AMD PIM-1 sandwich membranes as a

function of the number of ZIF-8 growth cycles.

Sample Gas N. 0. CO: CH: H: He
(cycles growth)  Transport parameter

Px [Barrer] 362 1107 6001 525 3215 1435

@ (Px/PN2) - 305 166 145 887 396

Dx [10"2 m?s™] 700 210 811 27.0 4230 6480

AMD PIM-1 a (D+/DN2) - 301 116 039 604 925

Sx[em¥STP) cm>bar'] 3.88 3.94 555 146 057 0.17

a (S+/SN) - 101 1430 375 015 0.04

Px [Barrer] 101 405 2249 112 1467 716

a (Px/PN2) - 400 222 1.10 145 7.07

1 cycle Dx [1072 m?s7] 208 771 285 6.20 1961 2562

a (Dx/DNz) - 371 137 030 942 123

Sx[em¥STP) cm=>-bar'] 3.65 3.94 591 135 056 0.21

a (5x/SN2) - 108 162 371 015 0.06

Px [Barrer] 11.6 375 187 N/A® 197 143

@ (Px/PN2) - 324 162 - 170 123

5 cycles Dx [10"2 m?s™] 596 153 479 N/A® 485 1475

a (Dx/DNz) - 256 0.80 - 81.5 247

Sx[em¥STP) cm>bar'] 1.46 1.84 293 N/A® 030 0.07

a (S5x/SN2) - 126 20.1 - 021 0.05

Px [Barrer] 758 25.0 170 N/A® 191 135

a (Px/PN2) - 329 225 - 25.14 178

10 cycles Dx [10712 m2s71] 451 108 541 N/A® 477 1024

a (Dx/DNz) - 240 1.20 - 106 227

Sx[em¥STP) cm=>bar'] 1.26 1.73 23.6 N/A® 030 0.10

a (S5x/SN2) - 137 187 - 024 0.08

3 The surface roughness of the ZIF-8/AMD-PIM1 membrane was so high after 5 and 10 cycles, that it
caused a too high CHu leak flow of under the sealing ring in the membrane cell to allow reliable
correction, and therefore the CHs permeability and related selectivities could not be determined

accurately for these samples.

Table S3. Transport data of sample HMDA PIM-1 and ZIF-8/HMDA PIM-1 sandwich membranes as

a function of the number of ZIF-8 growth cycles.

Sample Gas : O: CO: CH: H: He
(cycles growth)  Transport parameter
Px [Barrer] 36.4 145 620 479 589 321
a (Px/PN2) - 398 17.02 132 16.18 8.81
Dx [1072 m?s7] 14.8 419 9.70 3.90 1136 2245
HMDA PIM-1 a (Dx/DN?2) - 284 066 026 7696 152.08
Sy [em*(STP) cm3bar'] 1.85 259 479 923 039  0.11
a (5x/SN2) - 140 259 499 0.21 0.06
Px [Barrer] 193 739 412 279 316 191
a (Px/PN2) - 382 213 144 163 9.85
1 cycle Dx [10"2 m*s™] 105 314 9.02 3.48 838 1865
o (Dx/DNz) - 299 086 033 79.62 177
Sx [em3(STP) em3bar'] 1.38 1.76 343 6.01 0.28 0.08
a (Sx/SN2) - 128 2485 436 0.21 0.06
P [Barrer] 269 113 293 325 80.6 64.0
a (P+/PNz) - 419 109 121 299 238
5 cycles Dx [102 m?s7] 2.08 557 071 050 234 692
a (Dx/DNz) - 268 034 024 113 333.4
Sx [cm3(STP) cm=3bar?'] 0.97 152 311 4.83 0.26 0.07
a (S5x/SN2) - 1.56 320 497 027 0.07
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Table S4. Transport data of sample HKUST-1 BTC/HMDA-PIM-1 sandwich membranes as a function

of the HKUST-1 growth time.

Sample Gas N: O: CO: CHi: H: He
(days growth)  Transport parameter

Px [Barrer] 9.97 469 271 109 275 182

a (Px/PN2) - 471 272 110 276 182

1 day Dx [1012 m?-s71] 2,61 101 3.62 0.67 380 893

a (Dx/DNz) - 387 139 026 145 342

Sx [cm3(STP) cm™bar'] 2.86 3.48 561 122 054 0.15

a (Sx/SN2) - 122 196 425 0.19 0.05

P« [Barrer] 6.04 264 152 670 161 116

a (P+/PN2) - 437 252 111 267 193

3 days Dx [102 m?s7] 218 743 276 049 325 692

a (Dx/DNz) - 341 127 022 149 318

Sx [em¥STP) cm=>-bar'] 2.08 2.67 414 103 037 0.13

a (5:/SN2) - 128 199 493 018 0.06

Px [Barrer] 773 349 197 893 212 147

a (P+/PN:) - 452 255 116 275 19.0

5 days Dx [102 m?s7] 3.82 131 447 1.03 459 1296

a (Dx/DN2) - 343 117 027 120 339

Sx [em¥STP) cm>bar'] 1.52 1.99 33.0 6.48 035 0.09

a (Sx/SN2) - 132 21.8 428 0.23 0.06

Table S5. Transport data of sample HKUST-1 HMDA-PIM1 sandwich membranes

the HKUST-1 growth time.

as a function of

Sample Gas
(days ng())wth) Transport parameter : 0 CO: CHi He He
P« [Barrer] N/A N/A N/A NA N/A N/A
a (P+/PN2)
1 day Dx [1072 m?s7] N/A N/A N/A N/A N/A NA
a (D+/DN2)
Sx [em3(STP) cm3bar'] N/A N/A N/A N/A N/A N/A
a (S+/SN2)
P [Barrer] 175 742 447 19.0 402 249
a (Px/PN>) - 425 256 1.09 230 142
3 days D« [10712 m?s™] 470 163 598 1.09 727 899
a (D+/DNz) - 348 127 023 155 191
Sx [cm3(STP) cm?bar?!] 279 341 561 131 041 0.21
a (5+/SN2) - 122 201 469 015 0.07
Px [Barrer] 181 748 453 21.5 360 222
a (Px/PN>) - 413 2498 1.19 19.87 1226
5 days Dx [1072 m?s7] 6.62 220 870 188 720 1454
a (D+/DNz) - 332 131 028 109 220
S+ [cm3STP) cm™bar?!] 2.05 256 391 861 038 0.11
a (5+/SN2) - 124 190 419 018 0.06
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