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Fig. S1. Hydrostatic density measurement of UiO-66-NH> PSF hybrid membranes. Density
follows a linear trend, indicating good interphase interaction.



L | L | L |

a) 100 =

8 80- R

[

5 |

s

S 60 :

)

c

©

— 40+ ~

5 |

— PSF
204 — UiO-66-NH,
— 30 wt% UiO-66-NH,
T [ T [ T [
4000 3000 2000 1000
-1
Wavenumber (cm )

1004 ' ' ' i ' ' i
N N
% 804 L L
£ 60- I I
& 40 I I
I—
N

“Ib) | 0|

1700 1650 1600 1550 15001200 1100 1000 900

Wavenumber (cm)

Fig. S2. a) FT-IR spectra of UiO-66-NH,, PSF, and 30 wt% UiO-66-NH,/PSF. b) Primary
amine peak of UiO-66-NH, at 1567 cm™' becomes less apparent upon incorporation with PSF
at 30 wt% indicating possible hydrogen-bonding interactions. ¢) Sulfonyl peak at 1150 and
1170 cm™ does not shift with addition of UiO-66-NH,



Fig. S3. Thickness of hybrid membranes. a) PSF, b) 10 wt% UiO-66-NH,, c) 20 wt% UiO-66-
NH,, d) 30 wt% UiO-66-NH,, e) 40 wt% UiO-66-NH,, f) 50 wt% UiO-66-NH,. All scale bars
represent 10 um.
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Fig. S4. Comparing Maxwell’s predicted permeability with a spherical shape factor of n =
1/3 and Pq = oo to experimental permeability. Maxwell’s permeability consistently
underestimates permeability for COz, N2, and CHy; this breakdown in the predictive value of
the model is accentuated for high MOF loadings
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Fig. S5. Comparing Maxwell’s permeability with an adjustable shape factor. n converges to
0.14. Permeability of UiO-66-NH; ranges from 500-1000 barrers. Maxwell permeability
trends shown for 580 and 950 barrer. Excellent correlation with experimental permeability
below 30 wt%.



Fig. S6. SEM image of UiO-66-NH nanoparticles. We observe partial aggregation of smaller
domains of Ui0-66-NH>, which results in presence of elongated UiO-66-NH; ellipsoids
(inset) consistent with percolation theory.
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Fig. S7. DSC thermograms of UiO-66-NH; PSF hybrid membranes. Scan rate 20 °C/min. Ty
increases with increasing MOF loading.



Table S1. COz, N2, and CH4 permeabilities in barrers for UiO-66-NH? at 3 bar and 35 °C

MOF Weight % N, CH4 CO,
0% 0.19+£0.011 0.21+£0.017 5.6%+0.32
10% 0.41+£0.012 0.45+%£0.013 11+0.32
20% 0.61+0.032 0.68+0.036 16+0.86
30% 0.67+0.017 0.77+0.02 19+0.47
40% 1.7 +0.024 1.9+0.28 46 £6.2
50% 1.65+0.022 1.8+0.28 43+4.8

Table S2. CO2/CH4 and CO2/N; selectivities for Ui0-66-NH; at 3 bar and 35 °C

MOF Weight % CO,/CH; CO,/N,

0% 27 30
10% 25 27
20% 24 27
30% 24 28
40% 24 27

50% 24 26
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Fig. $8. Schematic of formation of percolative interconnected network of MOF crystals with
ellipsoid geometry. Interconnected network of MOF crystals is formed when percolation

threshold is reached.

Gas transport above the percolation threshold can be understood by the following
equation:1?2

l:’Hybrid = Pclusterd)cluster + P ol mer(1 - d)cluster)
poly

where Puybria is the permeability of the hybrid membrane, Pouster is the permeability of the
percolation cluster, Qcuster is the volume fraction of the percolation cluster, and Ppolymer is
the permeability of the polymer. We were not able to quantify the volume fraction of the
MOF that participated as a percolation cluster but we believe it to be only a small fraction
of the total MOF available for transport.
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Fig. S9. Robeson upper bound plot of Ui0-66-NH; PSF hybrid membranes for CO2/N; and
CO2/CH4. In both cases, the addition of MOF moves the transport performance of the hybrid
membrane closer to the upper bound line.

Table S3. Diffusivity, Solubility, and Gas Uptake Values for UiO-66-NH; membranes at 3 bar
and 35 °C

Diffusion*1048 Solubility (cm?(STP)/(cm? Gas Uptake(cm?/(cm’
(cm?/s) atm)) atm))

MOF

wt% N, CHs CO, N, CHa co, N, CHa Co,
0% 072 018 11| 0.20 0.90 4.0 0.63 2.8 12.5
10% 1 027 15| 0.30 1.2 5.8 0.92 3.9 17.9
20% 1.3 042 19| 0.35 1.2 6.4 1.1 3.8 19.8
30% 1.2 039 17| 044 1.5 8.1 1.4 4.7 25.5
40% 1.5 07 31| 092 2.3 11.6 2.8 7.2 36.0
50% 1.7 069 29| 0.88 2.4 12.3 2.7 7.6 38.2
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Fig. $10. CO; activation energy for diffusion, Ep as a function of MOF weight %. Under the
percolation threshold(up to 30 wt% MOF), the activation energy shows no significant

decrease. Over the percolation threshold (over 40 wt% MOF), Ep drops significantly due to
the formation of dual transport pathways.
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