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Movie S1. As attached, a free standing PBDI film was prepared by spreading the terephthalaldehyde (TPA)
toluene solution on top of the 1,2,4,5-benzenetetramine tetrahydrochloride (BTA) aqueous solution. A
strong thin film formed at the interface.

Table S1. Performance of PBDI membranes with different reaction duration in the separation of H, from
an equimolar mixture of H, and CO; at 1 bara, 373 K, and He sweep gas. M1-2, M2-2 and M3-2 are
duplicates of M1-1, M2-1 and M3-1, respectively.

Membrane performance

Membranes Reaction time / h CO, Permeance H,/CO,
H, Permeance (GPU) L
(GPU) selectivity

M1-1 1 86.9 4.72 18.4
M1-2 1 68.2 4.01 17.0
M2-1 2 123 5.69 21.6
M2-2 2 114 4.81 23.7
M3-1 3 78.0 3.84 20.3
M3-2 3 64.6 3.03 21.3




The Virial equation ¥ 2 (Eq. (S1) and (S2)) was used to calculate the steric heat of adsorption Qs as a

function of loading. In these equations P is the absolute pressure in mmHg, T is the temperature in K, T is

the adsorbed amount in mg-g?, R is the ideal gas constant in J-K* mol and @, b are estimated fitting

parameters from the combined adsorption isotherms. Only parameters a,, a;, a, and by were significant in

this case.
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Table S2. Fitted Parameters in Virial equation (S1).

Standard
Parameters Value
deviation
ao -4199 60.5
a, 38.99 2.79
a, -0.5497 0.145
bo 17.16 0.193

(s1)

(52)
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Fig. S1. Experimental data and Virial equation fit for CO, adsorption-desorption isotherms of PBDI films at (a)
273 K, (b) 298 K and (c) 323 K, respectively (Fig. 3f). (d) CO, isosteric heat of adsorption on PBDI films as a function of
loading calculated with the Virial equation parameters in Table S2.
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Fig. S2. 3D AFM image of PBDI membrane surface (M2-1) corresponding to the 2D AFM image of Fig. 4b.
Particles with size down to 20 nm were possibly recognized on the membrane surface.

Fig. S3. High-resolution TEM images of PBDI film.

Transmission electron microscopy (TEM) test was performed on a JEOL JEM1400 plus operated at 120 kV.
The specimens were prepared by applying a few drops of the PBDI film ethanol suspensions on a carbon-
coated copper grid and letting it dry.



Fig. S4. Cross-sectional SEM images of (a) M1-1 and (b) M3-1 membranes. The membrane thickness is ca. 0.6
and 1.3 um, respectively.
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Fig. S5. Effect of the temperature on the membrane separation performance for membrane M3-2 at 1 bara.

Dashed and solid lines correspond to single component and equimolar mixed gas feed, respectively. Helium was used
as sweep gas.
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Fig. S6. Arrhenius temperature dependence of H, and CO, permeances for the PBDI membrane (M3-2) at 1
bara feed pressure. Dashed and solid lines correspond to single component and equimolar mixed gas feed,
respectively (data of Fig. S5).

The permeance of each gas was correlated with the temperature through the Van’t Hoff-Arrhenius

equation:

p A ( Eact,i)
= A, xexp| - )
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where P; is the permeance of component i, A; represents for the pre-exponential factor of component J,
Eqc;is the apparent activation energy of component j, R is the ideal gas constant (8.314 J mol't K) and T
is the absolute temperature (K). A plot of In (P;) versus (1/T) was given together with a linear fitting (Fig.
S6). The temperature dependency of the permeation flux is found to follow an Arrhenius type of relation
for both the single and mixed gas test. The apparent activation energies for H, and CO, permeation are
listed in Table S2. There is not much difference between the component permeances in the single
component and mixed gas permeation processes, indicating the weak competitive permeation. In all
cases, the apparent activation energy for H, permeation is higher than that of CO,, indicating H,
permeation is more sensitive with temperature, leading to an increase in the H,/CO, selectivity as the
temperature increased (Fig. S5). The lower apparent permeation activation energy of CO, is attributed to
the lowering contribution of the (negative) adsorption enthalpy. At the low adsorption loadings the

diffusivity activation energy of CO, can be calculated with equation S5:
Egifr=Eqce + Qs (S5)

The value is 52.2 k) mol, demonstrating activated diffusion for CO..

Table S3. Permeance at different temperatures, fitting parameters of Fig. S6 and activation energies for the

permeation of single and mixed gases in PBDI (M3-2) membrane at 1 bara.

Permeance / GPU Fitting parameters
Eact/ Q. / E.
Intercept Slope * ’ at/
323K 348 K 373 K kimol* kImol' |jmolt
(CI) ('Eact,l/R)
Single H, 21.2 34.7 65.7 -10.4 -2.72 22.6 -
Mixed H, 21.2 37.8 64.6 -10.4 -2.68 22.3
Single CO, 1.19 1.79 2.90 -15.0 -2.14 17.8 34.4 52.2
Mixed CO, 1.16 1.87 3.03 -14.5 -2.31 19.2
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Fig. S7. Stability test of M2-1 for mixed H,/CO, separation under alternating dry and wet gas mixtures (2.3 mol.% H,0)
at 373 Kand 1 bara.

As shown in Fig. S7, the M2 membrane exhibited a good stability. Originally, both H, and CO, permeance
showed a slow decrease. Nevertheless, after the water exposure this decline was stopped. So, water
probably rearranged the polymer chains and stabilized the packing. Both H, and CO, permeance
decreased when 2.3 mol.% H,0 was introduced in the feed, attributed to the adsorption of H,0 molecules
that narrowed the pathways of penetrants and decreased the polymer chain spacing because of hydrogen
bonding,® which increases the diffusion resistance for both gases. Such resistance has a more significant
effect on the bigger CO, molecules resulting in an increased H,/CO, selectivity under wet conditions.



Table S4. Comparison of the performance of the as-synthesized PBDI membranes with reported PBI-related
membranes. Permeance with the unit of GPU and selectivity were collected. The data above and below the dashed
line are from PBI and modified PBI membranes, respectively. 1 GPU = 3.35 x 107 mol m=2 s Pa™2,

Performance Operation conditions
Membrane Ref
material Pyz (GPU) H,/CO, ) Feed temperature Feed pressure ererence
. Type of analysis
selectivity (-) T/K p (bara)
0.33 7.89 Single gas 373 5-8
0.64 13.62 Single gas 473 5-8
4
0.99 21.74 Single gas 573 5-8
2.60 27.28 Single gas 673 5-8
PBI ;
3.564 23.03 Single gas 523 3.4 5
50-500 17-25 Single gas 523-623 NA
50 24 Single gas 523-623 NA 6
530 18 Single gas 523-623 NA
0.086 5.2 Single gas 333 1 7
6.5 12.6 Mixed gas 453 3
PBI-PDMS
8
20.3 35.6 Mixed gas 523 6
PBI-Matrimid 38.67 6.85 Single gas 308 3.5
PBI- 9
Matrimid- 29.26 11.11 Single gas 308 3.5
PDMS
1.6 58 Single gas 423 3.4
PBI 3 49 Single gas 473 3.4
composite 10
4.67 43 Single gas 523 3.4
7 47 Mixed gas 523 3.4
24.2 39.5 Mixed gas 423 2
BILP-101x
11
36.4 34.2 Mixed gas 423 1
PBDI (M2-1) 241 22.7 Mixed gas 423 1
This work
PBDI (M3-1) 182 22.2 Mixed gas 423 1
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Table S5. Comparison of the performance of the as-synthesized PBDI membranes with reported PBI-related
membranes. Permeability with the unit of Barrer and selectivity were collected. The data above and below the
dashed line are from PBI and modified PBI membranes, respectively. 1 Barrer = 3.35 x 1076 mol m m=2s71 Pa~L.

Performance Operation conditions
Membrane
_ Reference
material Pz H,/CO, Type of analvsis Feed temperature Feed pressure
(Barrer) selectivity (-) P ¥ T (K) p (bara)
PBI 0.09 9 Single gas 298 3.4
12
PBI 11 3.7 Mixed gases 593 3.4
PBI 76.8 23.0 Single gas 523 3.4 5
PBI 26 16 Single gas 423 8-15 13
PBI 10 11 Mixed gas 373 11
PBI 25 11 Mixed gas 423 11 14
PBI 40 12 Mixed gas 473 11
PBI 45.5 14 Single gas 423 5
15
PBI 77.4 4.1 Single gas 473 5
PBI 30 3.8 Mixed gas 423 6 16
PBI 3.5 9 Single gas 308 5 17
PBI 17.2 5 Single gas RT NA 18
PBI 3.7 8.6 Single gas 308 3.5 19
PBI 2.9 7.1 Mixed gas 308 7
20
PBI 70 8.2 Mixed gas 453 7
PBI 2.9 7.1 Mixed gas 308k 2 21
PBI 55 3.5 Mixed gas 453 2 22
PBI-HFA 200 3.2 Single gas 373 8
PBI-HFA 250 4.5 Single gas 423 8 23
PBI-HFA 310 5.4 Single gas 473 8
TADPS-IPA PBI 3.6 32 Single gas 308 10 24
PBI-H3P04-0.16 12 34 Mixed gas 423 14
13
PBI-H3PO4-1.0 1.5 140 Single gas 423 8-15
PBI-PPC 5.0 144 Single gas 308 10 6
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PBI-g-PEO 6.9 10.5 Single gas 308 10 25
>0PBI-0.7DBX- 46.2 9.9 Mixed gas 423 7 26
300
XLPBI-6H 8.6 18 Mixed gas 373 11
XLPBI-6H 19 18 Mixed gas 423 11 14
XLPBI-6H 38 17 Mixed gas 473 11
PBI-HFA 276 4.5 Single gas 423 8 27
50/50: 6F/m-PBI 110 4 Single gas 373 3.4
50/50: 6F/m-PBI 150 6 Single gas 423 3.4
28
50/50: 6F/m-PBI 240 7 Single gas 473 3.4
50/50: 6F/m-PBI 360 7.3 Single gas 523 3.4
PBI-Bul 10.7 5.6 Single gas 308 20 29
FDD-PBI 4.04 40.4 Single gas 308 2.7 30
PBI-Matrimid 3.6 26.1 Single gas 308 3.5 31
PBDI (M2-1) 193 22.7 Mixed gas 423 1 This work
PBDI (M3-1) 146 22.2 Mixed gas 423 1 This work
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