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Supplementary materials

SI-1. Polymers and Membranes Manufactured

Table S1. Acronyms list for the polymers and membranes manufactured.

Polymers (polymeric matrix) Acronym

5'-tertbutyl-m-terphenyl-4,4"-dichloride acid (tBTpCl) + 2,2-bis(3-

amino-4-hydroxy phenyl)-hexafluoropropane (APAF). > tBTpCl- HPA
APAF

5'-tertbutyl-m-terphenyl-4,4"-dichloride acid (tBTpCl) + 4,4"- PA
(hexafluoroisopropylidene) dianiline (6FpDA). 2> tBTpCl-6FpDA
5'-tertbutyl-m-terphenyl-4,4"-dichloride acid (tBTpCl) + 2,2-bis(3-

amino-4-hydroxy phenyl)-hexafluoropropane (APAF) + 4,4'- HPA-PA
(hexafluoroisopropylidene) dianiline (6FpDA). > tBTpCI-APAEF-

6FpDA

Mixed Matrix Membranes

tBTpCl-APAF + 20% PPN-2 MMM-HPA
tBTpCl-6FpDA + 20% PPN-2 MMM-PA

tBTpCl-APAF-6FpDA + 20% PPN-2 MMM-HPA-PA




Thermal rearrangement tBTpCIl-APAF + 20% PPN-2 TR-MMM-HPA

Thermal rearrangement tBTpCl-APAF-6FpDA + 20% PPN-2 TR-MMM-HPA-PA

SI-2. Preliminary gas separation properties

In a preliminary study, and to assess the influence of this filler on gas transport
properties (especially for CO: separation), gas permeation measurements were
performed at 35 °C and 3 bars. The comparative evaluation of gas permeabilities for
MMMs and TR-MMMs with the two tested PPNs are shown in Table S2. These results
denoted a pronounced difference of permeabilities between the fillers, in particular for
TR-MMMs. Thus, an enhancement factor of at least 5-fold was recorded for the
permeability of CO:2 for TR-MMMs from PPN-2, which reach ~394 Barrer but with a
rather lower selectivity. Despite the fact that isatin-derived PPN-1 have narrower
micropores, [24], this empirical findings showed that PPN-2 is much better for making
high-performance MMMs, and consequently PPN-1 was discharged for additional
characterization. A plausible explanation to this fact could explained by the different
interactions of the filler with the polymer matrix [16].

Table S2. Permeability Coefficients (Barrer) at 3 bar (300 kPa) and 35
°C for HPA-MMMs and their corresponding TR-MMM-HPAs with
loads of 20% of PPN-1 and PPN-2.

Membrane Permeability (Barrer*)
N: Oz CHs CO2
PPN-1
tBTpCl-APAF-20%, 103 598 067 2485

MMM-HPA-PPN-1
TR-tBTpCl-APAF-20% 1338 5510  11.99 243.4
TR-MMM-HPA-PPN-1

PPN-2

tBTpCl-APAF-20% 348 1846 265 79.0
MMM-HPA-PPN-2

TR-tBTpCl-APAF-20% 2065 8797  20.80 394.1
TR-MMM-HPA-PPN-2

Figure S1 shows the correlation for O2/N2 and CO2/CH: and in the Robeson’s limit
for the tested MMMs with PPN-1 and PPN-2 and their corresponding TR-MMM. Note



that, despite PPN-1 synthesized from triptycene-isatin exhibited a higher CO2 capture
(207 mg g') than PPN-2 synthesized from triptycene-TFAP (83 mg g) [24] the
permeabilities of all measured gases were lower for the MMMs derived form PPN-1.
This could be attributed to a low interaction between the filler and the polymer matrix,
which consequently would result in a poor adhesion and the formation of interfacial
voids that were not fixed during thermal rearrangement this should explain as well the
lower selectivity for the MMMs containing PPN-2. In any case the different behavior of
both PPN lead to a better permeability-selectivity compromise as seen in Figure S1.

100

Thermally rearranged

Qo N,
Qco,cH,

Thermally rearranged

HPA HPA

1 10 100 1 10 100 1000

P, (Barrer) P¢o. (Barrer)

Figure S1. Permeability vs permselectivity for tBTpCl-APAF, HPA, membranes and MMMs containing
PPN-1 and PPN-2 fillers before and after thermal rearrangement for the O2/Nz2 (left) and CO2/CHa (right) gas
pairs.

SI-3. NMR characterization of polymers



tBTpCl-APAF (HPA) - 5'-terbutyl-m-terphenyl-4,4" acid dichloride + 2,2-bis(3-amino-
4-hydroxyphenyl)-hexafluoropropane
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1.41 (9 Hay).

Figure S2. NMR results for membrane HPA.



tBTpCl-6FpDA (PA) - 5'-terbutyl-m-terphenyl-4,4" acid dichloride + 2,2-bis(4-

aminophenyl)hexafluoropropane.
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Figure S3.- NMR results for membrane PA.



tBTpCl-APAF-6FpDA (HPA-PA) - 5'-terbutyl-m-terphenyl-4,4" acid dichloride + 2,2-
bis(3-amino-4-hydroxyphenyl)-hexafluoropropane + 2,2-bis(4-
aminophenyl)hexafluoropropane.

CoHPA-PA

i 11,30

DMSO

T T T T T T T T T T T T
81 80 79 78 77 76 75 74 73 72 71 70
f1 (ppm

T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 6
f1 (ppm)

'H-RMN (400 MHz, DMS ds: 6 (ppm) 10.56 (NH), 10.44 (NH), 9.60 (OH), 8.09 (H2), 8.08
(He), 7.99 (Has), 7.95 (Hu2:s2), 7.85 (Hees), 7.74 (Heee), 7.36 (Hes), 7.02 (Has17), 3.33
(H20), 2.48 (DMSO), 1.40 (Ha1,30).

Figure S4. NMR results for membrane HPA-PA.



SI-4. TGA results.
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Figure S5. TGA thermograms for: PA and MMM-PA (A), HPA-PA (B) and MMM-HPA-PA (C). Samples
were heated from 50 to 800 °C at 5 °C/min under a N2 atmosphere.



