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Section A: Supporting characterization results for the Pure MOF and PSM-MOF

-MOF core

!

Oligomer shell

Figure S1. TEM images of oligomer-coated UiO-66-NH; under different magnifications. MOF
core and oligomer shell are labeled in the left top image. Different surface structures can be
observed between these PSM-MOF structures and the pure-MOF structures, as shown in Figure 2.
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Figure S2. Pore size distribution and N> adsorption isotherms for Pure MOF and PSM-MOF. Pore
size distribution was calculated using the built-in function of Micromeritics 3Flex Share software
based on N>@Tarazona NLDFT Model.
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Figure S3. '"H NMR spectra change upon 6FDA-Durene oligomer PSM of UiO-66-NH,. Peaks
were assigned according to the literature!’. Unassigned peaks may result from coupling and
exchange effects from HF and 6FDA-Durene oligomer.
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Section B: Supporting characterization results for the MMMs and upper bound plots

Figure S4. Cross-sectional FESEM (left) and FIB-SEM (right) images of 10% Pure MOF MMM.
Both images show more serious particle aggregation than for the PSM-MOF MMMs.
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Figure S5. H2/CH4 and H2/O» upper bound plots (blue circles: experimental data; pink stars:
Maxwell Model predictions)



Table S1. CO2/CHa separation data for MOF-based MMMs from the literature

Loading Pressure CO: permeability Selectivity

Polymer

(Barrer) CO2/CHa4

6FDA-Durene/ Ui0-| | 6epA_Durene 1 1890 17.7 This work
66-NH;
. . Vankelecom,
NH-UiO-66-ABA 30 Matrimid 9 37.9 47.7 2015t
UiO-66-NH; 30 PAO-PIM-1 N.A. 8126 18.4 Jin, 20172
. PIM-1 (in-situ Kaliaguine,
Ui0-66-NH; 20 crosslinking) 2 15815 19.1 20187
PEG@UiO-66-NH; 40 PEBAX® 3 425 56 Qiao, 20174
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Figure S6. Derivative Thermal Gravimetric Analysis of the oligomer, Pure-MOF and PSM-MOF.
Different stages of weight loss can be observed for the oligomer and the Pure-MOF.
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Figure S7. CO2/CH4 upper bound plot with comparative literature data for 6FDA-Durene (black
circle: experimental data for 6FDA-Durene; blue circles: experimental data for PSM-MOF MMM;
pink stars: Maxwell Model predictions; red circles: experimental data for Pure MOF MMM; black
squares: literature data for 6FDA-Durene®”). The difference in reported transport properties for
6FDA-Durene relates to differences in casting conditions and the temperature/pressure at which
data were obtained.

Figure S8. Cross-sectional SEM images of 40% PSM-MOF MMM taken near the top surface (left)
and bottom surface (right).
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Table S2. Permeation results for independently prepared samples of 6FDA-Durene and
corresponding MMM s to evaluate reproducibility.

o) CHq N2 0z H. CO2
Trial1 | Trial2 | Triall | Trial2 | Triall | Trial2 | Trial1 | Trial2 | Trial1 | Trial 2
0% 83+3 81+3 86+3 85+3 218+7 | 21047 | 820+20 | 810£20 |1280+40|1250+40
2.5% 84+3 84+3 86+3 88+3 222+7 | 22847 | 840+30 | 860+30 |1310+40|1340+40
5% 84+3 86+3 86+3 87+3 | 22747 | 2327 | 860+30 | 870+30 |1340+40 |1360+40
7.5% 8543 85+3 87+3 88+3 231+7 | 23247 | 880+30 | 880+£30 |1370+40|1370+40
10% 86+3 88+3 87+3 89+3 240+7 | 250+£7 | 890+30 | 890+30 |1400+40|1410+40
15% 90+3 88+3 92+3 90+£3 249+7 | 24947 | 940+30 | 930£30 |1470+40 | 1450+40
20% 94+3 92+3 97+3 95+3 25948 | 25448 | 980+30 | 960+£30 |1540+40|1510+40
25% 98+3 99+3 | 103+3 | 10643 | 27049 | 28049 |1040+30|1060+30|1640+50|1670+50
30% 10043 | 104+£3 | 106+3 | 109+3 | 28149 | 288+9 [1070+30|1090+30|1710+50|1760+50
35% 104+3 | 102+3 | 108+3 | 106+3 | 300+10 | 295+10 |1150+40 | 1130440 | 1810460 | 1800460
40% 10743 | 106+3 | 109+3 | 107+3 | 310410 | 308+10 |1180+40 |1160+40 | 1890460 | 1870460

Table S3. Permeation results for Pure MOF MMMs

Permeab Barre ele
0al 0
° CHys CO, | CO2CHa
15% 132 1990 15.1
30% 226 3260 14.4
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Figure S9. CO; and CHj4 sorption isotherms for 6FDA-Durene and corresponding MMMs.
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Figure S10. Physical aging of 6FDA-Durene and corresponding MMMs shown in CO2/CHa upper
bound plot (left) and normalized helium permeability plot (right). The number indicates the week
number of a specific test. PIM-1 aging data was added as a reference.
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Section C: Using the Maxwell model to predict transport in MMMs and volume fraction

calculation

C1. Gas transport prediction using the Maxwell Model

Experimental data (Pmmm) at low loadings (below 20 wt%) were first used to calculate pure
MOF permeability (Ps) for each gas. These values (Pmmwm at loadings below 20 wt% and Py) were
then used together with the pure polymer permeability (Pp) to predict MMM permeabilities at all

loadings. Volume fractions of MOF loading were calculated as described in section C2.

C2. Volume fraction calculation

TGA with an air sweep flow was used to determine the weight fraction of MOF fillers in
MMMs. TGA profiles show that 6FDA-Durene decomposes completely under air flow at 700 °C
(weight loss = 100%). Therefore, equation (1) was used to calculate the weight fraction of the

MOF in the MMM:

MOF loadi 104 = wt% remained of MMM at 700 °C .
oading (wt%) = wt% remained of pure MOF at 700 °C (1)

To convert weight fraction to volume fraction, densities of the pure MOF and MMM are
required. A crystal density of 1.36 g cm > for the pure UiO-66-NH; was taken from Mason et
al.® Density of MMM s can be measured using a density kit attached to a Mettler Toledo mass

balance (30029886). Equation (2) was then used to convert weight fraction to volume fraction:

) MOF loading (Wt%)
MOF loading (vol%) = ) PMMM (2)
MOF

where, pyor and pymum are the densities of the MOF and MMM, respectively.
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