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Included below is relevant supporting data referenced in the manuscript: “Synthesis and
Performance of 6FDA-based Polyimide-lonenes and Composites with lonic Liquids as Gas
Separation Membranes”. NMR, FT-IR, MALDI-TOF MS, DSC, XRD, and SEM results are
shown in the following sections.

NMR Characterization

The *H-NMR and *C-NMR spectra for the monomers and polymers outlined in the

manuscript are included below.
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Figure S1: 'H-NMR of I3A.
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Figure S2: 'H-NMR of 6FDA I3A monomer.

460

440

420

400

380

360

340

320

300

280

260

240

220

200

180

r 160

140

120

100

80

60

k40

20




keo-121718.2.fid
6FDA I2A RC [ 400

I 380
I 360
340
320
300
280
I 260
240
220
200
180
160
140
120
100

80

60

40

20

T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

Figure S3: 'H-NMR of 6FDA 12A monomer.
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Figure S4: H-NMR of [6FDA 14A pXy][Tf2N] polyimide-ionene.
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Figure S5: H-NMR of [6FDA 13A mXy][Tf2N] polyimide-ionene.
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Figure S6: 'H-NMR of [6FDA 12A oXy][Tf:N] polyimide-ionene.

FT-IR Data

See Figure S7 for the FT-IR data for derivatives 1-14. All samples were run on an ATR-FTIR.
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Figure S7: Compilation of IR spectra.



DSC Plots

The glass transition temperatures (Tg) were determined by DSC, as discussed in the manuscript. Each material
was tested 2-3 times, for comparison and accuracy (Run 1: solid line; Run 2: dashed line; Run 3: dotted line). The
temperature was increased from 0 — 300 °C, and all thermographs are plotted “exo up”. In the first run, the scan was
cycled from 0 °C to 300 °C, then back down to 25 °C raised back to 300 °C, to investigate the effects and consistency
of data. Runs 2 and 3 used new material, and were only run from 0 °C to 300 °C for comparison of the observed

transition temperatures. Figures S8-S21 show the various tests performed with portions of each sample.
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Figure S8: DSC plots for [6FDA 14A pXy][Tf2N] Neat.
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Figure S9: DSC plots for [6FDA 14A pXy][TfN]: 1 eq. [Comim][Tf.N].
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Figure S10: DSC plots for [6FDA 14A pXy][Tf2N]: 2 eq. [Comim][Tf2N].
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Figure S11: DSC plots for [6FDA 14A pXy][Tf2N]: 1 eq. [Camim][TF2N].
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Figure S12: DSC plots for [6FDA 14A pXy][Tf2N]: 2 eq. [Camim][TT2N].
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Figure S13: DSC plots for [6FDA 14A pXy][Tf.N]: 2 eq. [Bnmim][Tf2N].
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Figure S14: DSC plots for [6FDA 13A mXy][Tf.N] Neat.
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Figure S15: DSC plots for [6FDA 13A mXy][Tf2N]: 2 eq. [Comim][TT.N].
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Figure S16: DSC plots for [6FDA 13A mXy][Tf2N]: 2 eq. [Camim][Tf.N].
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Figure S17: DSC plots for [6FDA I13A mXy][Tf.N]: 2 eq. [Bnmim][Tf2N].
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Figure S18: DSC plots for [6FDA 12A oXy][Tf2N] Neat.
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Figure S19: DSC plots for [6FDA 12A oXy][Tf2N]: 2 eq. [Comim][TN].
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Figure S20: DSC plots for [6FDA 12A oXy][Tf2N]: 2 eq. [Camim][TN].
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Figure S21: DSC plots for [6FDA 12A oXy][Tf2N]: 2 eq. [Bnmim][Tf2N].

Mass Spectroscopy

The number average molecular weight (Mn) was determined via MALDI-TOF mass
spectrometry. Each neat polyimide ionene was dissolved in DMAc or DMF and deposited on the

plate, with BSA protein in MeOH as the standard for instrument calibration.
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Figure S22: MALDI-TOF spectra for the three, neat polyimide-ionenes.
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High Resolution Mass Spectrometry: 6FDA I13A & 6FDA 12A
6FDA I3A

Mass = 726.1439

Calc. Mass = 726.1450

mDa =-1.1; ppm =-1.5

Cs7 Ha0 N O4 Fe

6FDA I12A

Mass = 726.1443

Calc. Mass = 726.1450
mDa =-0.7; ppm =-1.0
Cs7 Ha0 N O4 Fe
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X-Ray Diffraction Data

See below for the X-ray diffraction patterns for derivatives 1-14. The corresponding dspacing values are included in

the main manuscript.
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Figure S23: XRD spectra for all samples, with 20 values from 5-70 °.
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Scanning Electron Microscopy (SEM) Images

Images were captured on a Thermo Scientific Apreo FE-SEM. Membranes (1-4) were solvent cast, then
fractured in liquid N2. The cross-section of derivatives 1-4 was captured at magnifications between 500X-1000X.

¢ 5/17/2019 | dwell HV WD spot det magm }——300 um——|

9:42:45 AM  750.00ns 1.00kV 5.2052mm 8.0 T1 500 x Apreo

Figure S24: SEM image of [6FDA 14A pXy][Tf2N] (Neat).
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5/17/2019 | dwell HV WD spot det mago |——— 300 ym—M8

10:33:54 AM | 750.00ns 1.00kV 5.0558 mm 8.0 ETD 500 x Apreo

Figure S25: SEM image of [6FDA 14A pXy][Tf2N] : [Comim][Tf.N] (1 equivalent).
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®  5/17/2019  dwell HV + WD spot det mag O p———100 um—

o 11:18:42 AM 750.00ns 1.08 kV 1 10.4588 mm 8.0 ETD 1000x Apreo

Figure S26: SEM image of [6FDA 14A pXy][Tf2N] : [Comim][Tf.N] (2 equivalents).
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. 11:49:06 AM | 750.00 ns 1.08 kV 4.9316 mm 8.0 ETD 500 x Apreo

Figure S27: SEM image of [6FDA 14A pXy][Tf2N] : [Camim][Tf2N] (1 equivalent).
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