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Characterization methods. Fourier transform infrared (FTIR) spectra were recorded in an
attenuated total reflectance (ATR) mode on a Bruker ALPHA FT-IR spectrometer (Bruker,
Ettlingen, Germany). The transmittance measurements were done at ambient temperature in a
spectral range of 400—4000 cm ! with a resolution of 4 cm™ and an average of 64 scans. Solid-
state NMR experiments were carried out on a Bruker Avance II 400 spectrometer (Bruker,
Rheinstetten, Germany) equipped with a 4 mm double resonance probe. Ramped polarization
transfer with '3C 90° pulse length of 4.2 s, recycle delay of 3 s, and magic angle spinning rate of
14 kHz was used to acquire *C cross-polarization (CP) magic-angle spinning (MAS) NMR
spectra. The thermal stability analysis of the samples was carried out on a Netzsch TG209 F1 Iris
(Selb, Germany) for ZIF-7 and Zna(bim)s and a TA Instruments Q500 instrument for TIFSIX-3.
ZIF-7 and Zny(bim)s samples were tested under argon flow (50 mL min™') from 25 °C to 800 °C
at 5 K min™!, while the thermal heating of TIFSIX-3 was up to 700 °C under air flow (100 mL/min)
with a heating rate of 5 °C/min. A scanning electron microscope Merlin (Zeiss, Oberkochen,
Germany) was used to characterize the ZIF-7 and Zny(bim)s particles and all the mixed matrix
membranes of this work at an accelerating voltage of 1.3-3.0 kV. To suppress charging of the
sample surfaces, they were coated with approx. 2 nm Pt using a sputter coating device MED 020
(Leica Microsystems, Wetzlar, Germany). GPC measurement was performed at room temperature

in THF on a Waters instrument (Waters GmbH, Eschborn, Germany) using a refractive index
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detector and polystyrene polymer standards of different molecular weights (Polymer Labs GmbH).
A D8 discover X-ray diffractometer (Bruker, Ettlingen, Germany) with Cu Ka radiation (A =
1.54184 A, 50 kV, 1000 mA) was applied for the XRD experiments of ZIF-7 and Zny(bim)4

particles at a scanning rate of 1° min™

. Air-tight sample holders (Bruker, Ettlingen, Germany)
were used to prevent any contaminations of the samples. The simulated XRD patterns were done
using the Match!3 software. For the nitrogen adsorption experiments, degassing of the samples
was conducted at 80 °C for 1 h in the vacuum, and at 150 °C overnight in the vacuum (MIL-53)
or at 100 °C in vacuum overnight (TIFSIX-3-Ni). Sample porosity and BET area were determined
by Nz-adsorption via Micrometrics Tristar II-adsorber. N»-isotherms were measured at 77 K.
Surface area was calculated by BET-Theory using 7 data points between 0.05 and 0.28 P/Po.

Gas adsorption measurements. The gas adsorption analysis of the MOF nanoparticles was
conducted on a magnetic suspension balance (MSB) (Rubotherm Series IsoSORP® sorption
analyzer, TA® Instruments, New Castle, DE, USA) with an uncertainty of 10 pug. The sample of
Mg-MOF-74 in powder form was evacuated at 120 °C for 24 h in order to remove the residual gas.
The density of the sample was estimated in-situ with He at 30 °C with MSB in the pressure range
from 10 * bar to 50 bar. The adsorption measurements were conducted from high vacuum to 50
bar stepwise with an uncertainty of + 0.1 % for CHa, N2, O2, and COz series. The specific uptake
was analyzed considering the gas buoyancy series. The specific uptake was analyzed considering
the gas buoyancy ..

The equilibrium concentration C of gas in the polymer for a given gas pressure p was

obtained from the equation:

c=SubP (S1)

1+b P
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where Cj; is the Langmuir sorption capacity related to addition sorption owing to the non-
equilibrium volume, P is the pressure, and b is the Langmuir affinity parameter.

Gas separation measurements. After membrane casting, the samples of 20 mm in diameter
were cut and placed into the measurement cell of the membrane testing facility, and gas transport
properties for Ha, CH4, N2, Oz, and CO; were determined at 30 °C and 500 mbar feed pressure.
The effective membrane area tested during the experiments was 0.97 cm?. The feed pressure of a
maximum 500 mbar and permeate pressure of maximum 10 mbar give one the possibility to
consider all aforementioned gases as ideal for the calculation of the membrane permeance. During
gas permeance experiments four stamps of each membrane were tested. The cycles of every single
gas permeances through membranes were 20 (each tested gas passed through the membranes 20
times for getting better results). The gas permeation experimental facility is described elsewhere

in detail 2. The membrane permeance (L) of a gas can be calculated using the equation:

'V 22.41 3600 (P - Po)
RTAt (Pr - Ppyy)

L (52)

where L is the gas permeance (m*(STP) m? h™! bar!), V is the permeate volume (m?), 22.41
is the molar volume (m*(STP) kmol™!), 3600 is the time conversion factor, R is the ideal gas
constant (0.08314 m? bar K! kmol™), T is the temperature (K), t is the time of measurement
between permeate pressure points Po and Pp() (s), A is the membrane area (m?), and Pr, Po and P
are the pressures at the feed, and the permeate side at the start and at the end time of measurement,
respectively (mbar). The ideal selectivity for a gas pair A and B (a.a/B) can be calculated by the

equation:

L
GA/B:ﬁ (S3)
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Figure S1. FTIR spectra of the synthesized ZIF-7 and Znz(bim)4 particles.
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Figure S2. TGA analysis of the synthesized MOF nanoparticles.
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Table S1. Permeability coefficients for the MOF containing PIM-1 TFC membranes.

Membrane Wt.% Permeability coefficients, Barrer
Filler ¢ f;ll Ref.
ot ttler 'y, N> CH; | CO2 | O2

code

Literature data

PIM-1 - - 1300 |92 125 | 2300 |370 |3
PIM-1/Ui0-66 | UiO-66 9 3080 | 256 371 | 5940 | 1010 |4
PIM-1/CAU- | CAU-21- s
71.0DB ODB 15 7295 | 186 - - -

PIM-1/ZIF-67 | ZIF-67 20 3500 | 219 315 | 5200 |- 6

Experimental data of current study’

670 64 102 | 1350 | 207
PIM-1 - -
+12 +20 +4 | +£42 +6
i 792 51 73 | 1000 |217
?Mllj. , | Zmbimy |2
n2(bim)s_ +83 |=+8 £12|+£166 | +32
] 1358 | 129 194 | 1990 | 436
?Mé. o | Zmimy |10
n2(bim)s_ +74 | +12 £12|+£100 |+£24
PIML. 1815 [ 112 156 | 1935 | 464 | This
MOF74 8 Mg-MOF-74 | 8 +70 | work
_ +281 |£14 +20 | £235
] 1682 | 114 156 | 1846 | 445
1}\’/}1(\)/1;7 410 | Me-MOF-74 |10
. +£224 | +6 +4 |[+139 |+39
PIML. 1027 |56 75 1953 [223
MIL53 4 MIL-53 4
_ +354 |+£20 | +£20|+254 | £80
PIML. 1010 |52 71 | 1000 |223
- TIFSIX-3 4
TIFSIX3 . +241 | +£16 +24 | £262 | £67

10 wt.% of loadings of Mg-MOF-74 and Zn,(bim)s particles are shown here as data for aging
experiments.
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Layered Zn,(bim),

Figure S3. TEM images of layered Zno(bim)4+ and single-layer Zny(bim)s4+ nanosheet after

exfoliation. Two black spots in the right figure are coming from the carbon black support itself.

PIM1-Zn,(bim),_2 Zn PIM1-MOF74_8
PIM1-MIL53_4 PIM1-TIFSIX3_4

Figure S4. Cross-sectional EDX elemental mapping for the prepared thin-film composite

membranes.
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Figure S5. The experimental adsorption isotherms of CO», CHa, O2, and N in pristine Mg-MOF-

74.
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Figure S6. Gas permeability coefficients of different gases as a function of MOF content in PIM-
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Figure S7. Gas permeability as a function of penetrant kinetic diameter for pure PIM-1 and MOF-

incorporated PIM-1 mixed-matrix membranes.
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Figure S8. H> Permeability versus Ho/N; selectivity along with reported literature data. The results

shown in “stars” represent the findings of the current work.
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Figure S9. The SEM images of the MMMs of PIM-1 and Mg-MOF-74 (left), and PIM-1 and

Zny(bim)s (right) particles used in long-term aging experiments.
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