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Scheme S 1. Recrystallization of 6FDA monomer
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Scheme S 2. Recrystallization of DAM monomer
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Gas permeation experiment

Before each measurement, all lines and cell chambers were initially vacuumed via a pump,
and then the target gas was introduced into the top retentate chamber (still without contact with
the membrane). After temperature stabilization, the gas was allowed to get in contact with the
membrane, and the permeate side pressure increment was recorded with a pressure sensor with an

accuracy of 1 mbar. The permeability was then, determined through:

_ 27315101 (9p
P= AT-(76Do) (at) (S1)

where P is the gas permeability in Barrer (1 Barrer = 107!° cm?® (STP). cm. ecm™2. s™!. cmHg ™), v
the permeate chamber volume (cm?), T the temperature (K), / the membrane thickness (cm), 4 the

. d
membrane's actual surface area (cm?), po the retentate side pressure, and (a—i) the slope of the

pressure changes with time (atm/s) in the steady state gas permeation.

The ideal permselectivity of gas i over gas j («;) can be determined by:

=3,
The time lag method was used to determine the diffusion coefficients (D) as follows:

12

D (S3)

" 60

where 4 is the time lag (delay time) (s). The solution-diffusion mechanism was considered valid
in gas transport through self-standing membranes. According to this model, the permeability of
each gas through the polymeric membrane is the multiplication of the gas diffusivity (107 [cm?.s~
') and solubility (102 [em® (STP) cm™ cmHg!]). Therefore, the solubility coefficient (S) is

determined as follows:

S== (S4)
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Structural characterization of UiO-67 and its derivatives

Intensity (a.u.)

Figure S 1. XRD pattern of all powders.
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Table S 1. BET analysis and textural properties of UiO-67s powders.

Sample Surface area (m%.g?) Pore volume (cm®.g™?) Mean pore diameter
_ _ (Dp) (hm)
SgeT Smicro SMeso Votal Vwicro VMeso

bpdc100 2018 1862 156 0.91 0.73 0.18 2.034

bpy25 1925 1690 235 0.92 0.68 0.24 2.025

bpy50 1883 1813 70 0.99 0.74 0.250 2.242

bpy75 1854 1793 61 0.97 0.73 0.24 2.07
bpy100 1799 1640 159 0.93 0.64 0.29 2.235
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Figure S 2. TGA curves of all the studied powders.

Structural characterization of MMMs

Weight loss (wt.%)
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Table S 2. The Bragg d-spacings values of the synthesized MMMs

Sample codes 20 (°) d-spacing (4)
PPI 13.83 6.40
PPI-1 11.88 7.44
PPI-2 11.63 7.60
PPI-3 12.13 7.29
PPI1-4 12.4 7.13
PPI-5 12.7 6.96
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Figure S 3. TGA curves of the prepared MMMs.

Figure S 4. Cross-sectional images of (a) PPI, (b) PPI-1, (c) PPI-2, (d) PPI-3, (e) PPI-4, and (f)
PPI-5 membranes.
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Figure S 5. ATR of bpy25-based MMMs
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Figure S 6. TGA curves of bpy25-based MMMs.
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Figure S 7. Cross-sectional images of (a) PPI-21, (b) PPI-22, (c) PPI-23, (d) PPI-24, (e) PPI-25,

and (f) PPI-26 membranes.

Performance of the developed MMMs

Table S 3. Comparison of CO2/CHs and CO»/N; separation performance of reported membranes
and the experimental data obtained in this study.

Polymer Additive (wt.%) Test condition Pcoz Selectivity Ref.
(T(°C)/p(bar))  (Barrer)
COy/CHs  CO2/N2
Matrimid — 25/3 8.012 37.3 — !
MIL-53-NH: (8) 9.03 36.5
MIL-53-NH: (16) 7.39 41.8
6FDA-DAM — 358.45 31.22
MIL-53-NH: (5) 431.58 31.14
MIL-53-NH; (10) 463.56 30.53
MIL-53-NH; (15) 581.78 29.00
MIL-53-NH, (20) 659.73 28.00
Matrimid5218 — 30/5 16.2 38 — 2
UiO-66 (10) 26 40
UiO-67 (10) 24 55
Ui0-67-33° (10) 30/4 27 75
6FDA-Durene - 35/2 805.3? 20 - 3
ZIF-67 (30) 1463.7 15.5
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VZIF-67 (30) 1210 32.51
6FDA-Durene - 35/3.5 959 16.4 14.7 4
ZIF-71 (10) 1805 16.1 14.9
ZIF-71 (20) 4006 12.8 12.9
ZIF-71 (30) 7750 9.53 115
9172 21.8 _
1606 20
3435 16
5642 9.2
6FDA-Durene - 25/2 45521 - 14.02 °
ASZX (5) 637.3 19.17
ASZX (10) 772.65 22.19
ASZX (15) 887.31 25.34
ASZX (20) 925.16 19.86
6FDA-Durene _ 35/5 1131.91 19.61 _ 6
ZIF-90 (45) 3946.23 6.93
ZIF-90-NH (45) 17.36
6FDA-DAM: — 35/2 199 35.9 — 7
DABA (3:1) SSZ-16° (5) 365 34.8
$57-16 (10) 340 28.6
$SZ-16 (15) 315 16.2
6FDA-DAM: _ 35/4.5 150.5 27.5 _ B
DABA (3:2) Glycidol (27) 145.8 29.6
Glycidol (41) 94.6 32.7
_ 35/6.9 158.9 37.8
Glycidol (27) 149.1 38.3
Glycidol (41) 95.6 39.1
6FDA-DAM: _ 35/1.01 134.01 38.3 23.3 9
DABA (3.2) DMS (10) 202.09 36.2 22.2
DMS (20) 364.96 33 20.8
6FDA-DAM _ 35/3 1237 35.7 _ 10
S13_sph&sh? (10) 829 26.8
S13_sheet_RT(10) 824 32
- 1245 - 20.4
S13_sph&sh (10) 761 21.3
S13 sheet RT(10) 633 21
6FDA-DAM _ 35/3 1503 26 _ 1L
_ 1566 - 20.1
ZIF-8 (10) 1962 18.4 _
ZIF-8 (10) 2310 - 18.3
6FDA- _ 2135 25 _
DAM/PIM-1(10 _ 2184 _ 214
wt.%) ZIF-8 (10) 2891 26.6 -
ZIF-8 (10) 2802 - 18.1
ZIF-8 (20) 2396 19 -
ZIF-8 (20) 1648 — 16.3
6FDA-DAM — 25/2 503 — 13.8 12
_ 7147 23.8
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ZIF-94 (10) 865 24.8

ZIF-94 (20) 1070 22.9
ZIF-94 (30) 1125 19.7
ZIF-94 (40) 2165 22.4
6FDA-DAM - 25/1 590° 30 - 1
ns-CuBDCE® (2) 570 37
ns-CuBDC (4) 430 43
6FDA-DAM - 25/4 603 19.4 - 1
ZIF-301 (20) 825 24.9 -
PIM-1 - 4000 - 15 1
DMOF-1°(10) 7000 13
DMOF-1-Azo0(10) 7500 19
DMOF-1-Azo0(20) 10000 17
PIM-1 - 7500 14 16
UiO-66 13000 14
Ui0-66-AzoP (16.7) 13000 16
Ui0-66-Azo (33.3) 13000 14
UiO-66-Azo (66.7) 11000 14
Ui0-66-Azo (100) 11000 19
6FDA-DAM - 30/2 723.7 24.4 30.59  This
bpdc100 (10) 944.26 29.06 3517  work
bpy25° (10) 1024.3 35.32 44.15
bpy25 (20) 1298.85 41.3 50.68

a: mixed gas, b: mixed-ligand approach, c: aminosilanized zeolite 13X, d: this new ZIF named UZAR-S13
is formed by Zn** and 4(5)-(hydroxymethyl)imidazolate. UZAR-S13 has two distinct phases: amorphous
spheres and sheet crystals, e: 2-D CuBDC nanosheets,
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