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PIL Synthesis

All chemicals used for the preparation of the polymerizable ionic liquids were purchased from

Sigma Aldrich and all solvents were HPLC grade. Figure S1 shows the synthesis of 1-vinyl-3-

hexylimidazolium bromide (C6VImBr), prepared from the N-alkylation of 1-vinylimidazole (1 eq.)
with 1-bromohexane (1.1 eq.).
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Figure S1. Synthesis of 1-vinyl-3 hexylimidazolium bromide (C6VImBr).



Under dry nitrogen atmosphere and vigorous stirring, 17.6 g of freshly distilled 1-bromohexane
(106 mmol) was added drop-wise to 9.23 g of 1-vinylimidazole (98 mmol). The reaction mixture was
left at 60 °C for 24 h. The mixture was cooled down to room temperature where two liquid phases
separated. The upper phase was removed, and the remaining brownish ionic liquid 1-vinyl-3-
hexylimidazolium bromide (C6VImBr) was washed three times with diethylether (3 x 30 ml) and then
dried in a rotavapor. The product was further purified from an acetonitrile/diethylether mixture and
finally dried under vacuum giving a 95.4% yield. The C6VImBr product was characterized by 'H-
NMR (400 MHz, DMSO, ppm) with signals appearing for 'H-NMR at 8.95 (s, 1H), 7.65 (s, 1H), 7.45
(s, 1H), 7.13 (s, 1H), 7.1-7.07 (m, 1H), 5.79-5.75 (m, 1H), 4.21-4.17 (t, 2H), 1.89-1.81 (m, 2H), 1.28 (s, 6H)
and 0.86-0.82 (m, 3H).

The final polymerizable ionic liquid 1-vinyl-3-hexylimidazolium TFSI (C6VImTFSI) was
prepared by anion metathesis of (C6VImBr) using bis(trifluoromethylsulfonyl)imide lithium salt
(LiTESI) shown in Figure S2.
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Figure S2. Anion exchange of PIL monomers C6VImBr to C6VImTESI.

A solution of LiTFSI salt (3.58 g, 12 mmol) in 20 ml of deionized water was added dropwise to
3.16 g of 1-vinyl-3-hexylimidazolium bromide (12 mmol) dissolved in 60 ml of methanol. The reaction
mixture was left at room temperature under stirring overnight and then concentrated under reduced
pressure to remove methanol. After the removal of methanol, the separation of a brown viscous liquid
occurred. The top layer was decanted and the remaining IL was washed three times with distilled
water. The ionic liquid was then dried in a rotavapor at 50 °C.



Modified Scanning Ionic Conductance Microscopy (mSICM) Setup

Modified scanning ionic conductance microscopy [1] was developed in Auckland University to
assist in conducting polymer micro fabrication [2], printing [3] and local characterizations [4].
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Figure S3. Setup of mSICM in a: Scheme of mSICM with samples (PPyPIL films in electrolyte)
connected as working electrode (WE) with additional reference electrode (Ag/AgCl wire, RE). The
micro-pipette can be positioned by a piezo actuator and contains the electrolyte, with the counter-
electrode (CE, Pt wire) connected over the electrolyte droplet to the samples. b: Picture of the mSICM
measurement set up with included CCD camera to fix the micropipette to the sample, and a light
source.

Electrochemical Synthesis of PIL

Electrochemical synthesis of PIL was carried out galvanostatically (controlled with a PARSTAT
2273 potentiostat, Princeton Applied Research) in a two-electrode electrochemical cell at 0.1 mA/cm?
for 40,000 s at —20 °C. The polymerization solution of PIL consisted of 0.1 M PIL. monomer C6VImTEFSI
in propylene carbonate. Galvanostatic polymerization of PIL was carried out using a 15 mm x 40 mm
stainless steel (AISI 316L) plate as the anode and stainless steel mesh (AISI 316L) as the cathode. The
chronopotentiogram is shown in Figure 54.
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Figure S4. Chronopotentiogram of PIL synthesis.
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Figure S5. Structure of the proposed PPyPIL blends formed during electropolymerization of pyrrole
and PIL monomer in PC with “R” representing the hexyl chain.



Electrochemical Measurements of Bulk PPyPIL Films
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Figure Sé6. Cyclic voltammetry (5 mV s-1, 3rd cycle) measurements of PPyPIL films in LiTFSI-aq (solid
line) and LiTFSI-PC (dotted) electrolytes (3 electrode cell: the PPyPIL sample as working electrode, a
platinum sheet counter electrode and a Ag/AgCl (3M KCl) reference electrode) at potential range 0.65
to -0.2 V. The current density (j) curves vs. potential E are shown in (a) and the charge density Q vs.
potential E are presented at (b). The arrows indicate the start and ending point of the cycles.
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Figure S7. Square wave potential step measurements of PPyPIL films showing in (a): the current
density time curves in LiTFSI-PC (line) and LiTFSI-aq (dotted) electrolytes in potential range 0.65 to -
0.2 V (dashed line) at frequency of 0.0025 Hz (2°d and 3 cycles). The diffusion coefficients Drea at
reduction calculated from equation 1 and 2 are shown in (b) of PPyPIL films in LiTFSI-PC (g, dotted
line as orientation) and LiTFSI-aq (3, dashed line as orientation) at applied frequencies 0.0025 Hz to
0.1 Hz.
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