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Electrochemical Stability
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Figure S1: Cyclic voltammetry of SPE-1 vs. SPE-2. Data show plating and stripping of Li at 0 V for both samples, while
the reduction peaks from 0.5-2 V of SPE-1 (100% HEA) are eliminated in SPE-2 (100% IBA). The tests were performed
at a scan rate of 0.2 mV s, 70 °C, r = 0.08, in a Li/SPE/Cu cell.
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Figure S2: TGA of 4 SPEs - SPE-1 (neat), SPE-1 (r = 0.08), SPE-3 (r = 0.08), SPE-4 (50% IBA, r = 0.08). Dual-ion samples
(SPE-1) are thermally stable to almost 300 °C, while single-ion samples (SPE-3, SPE-4) are thermally stable up to
200 °C. Heating rate 10 °C min..
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Figure S3: Polarization and EIS for limiting current fraction and transference number of a) SPE-1 and b) SPE-3. The
test was performed in a symmetrical Li/SPE/Li cell (r = 0.08) at 70 °C, with a voltage of 10 mV.

Conwversion of the Polymerization

Extraction: The incorporation of 2-HEA and PEG into solid PHEA-I-PEG (SPE-1, neat) networks was
confirmed by extraction using various good solvents. To this end, SPE-1 was immersed in either THF, a
1:1 H2O/DMF mixture, or MEK for about 24 h exchanging the solvent at least twice. The mass reduction,
as determined from weighing the sample before and after extraction following vacuum drying at room
temperature for at least 24 h, was found to be less than 13 %. This is significantly less than the nominal
PHEA weight fraction of approx. 50 wt% in the (neat) SPE-1 (see Scheme 1), which confirms successful
incorporation of the precursor materials into the polymer network.

For all SPEs, the conversion of the polymerization was additionally confirmed based on ATR-FTIR of all
SPEs as well as their precursors.
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Figure S4: ATR-FTIR of 2-HEA, LiTFSI, PEG, neat SPE-1 (r = 0), and LiTFSI-doped SPE-1 (r = 0.08).
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Figure S5: ATR-FTIR of 2-HEA, P(LIMTFSI), PEG, neat SPE-1 (r = 0), and SPE-3 containing P(LIMTESI) (r = 0.08).
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Figure S6: ATR-FTIR of SPE-2 (containing LiTFSI and 25% or 50% IBA; bottom) and SPE-4 (containing P(LiMTSFI and
25% or 50% IBA; top) compared to that of SPE-1 (0% IBA) at a constant Li-ion concentration of r = 0.08.
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Figure S7: ATR-FTIR of 2-HEA, PHEA, PEG, and neat SPE-1 (r = 0) in the hydroxyl group stretching region.
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Figure S8: ATR-FTIR of 2-HEA, PHEA, and neat SPE-1 (r = 0) in the stretching region of the carbon-oxygen bond
(indexed) of the 2-HEA monomer.



Monomer conversion: The absorption band at 1637 cm! in the spectra of the 2-HEA monomer, which
corresponds to carbon double bond stretching, is absent in all SPEs irrespective of Li-ion concentration
(Figures 54 and S5) confirming complete monomer conversion. 2 The same behavior was observed when
comparing the spectra of IBA (not shown) and IBA-containing SPEs (SPE-2 and SPE-4), which were
generally found to be very similar to those of SPEs containing only 2-HEA (Figure S6). Incorporation of 2-
HEA monomer was confirmed by the broad hydroxyl group stretching band between 3100 cm™ and

3600 cm,'2 which was found in the spectra of 2-HEA and all SPEs but not in those of the other precursor
materials (Figures 54, S5, S6 and S7). The relatively strong peak at 1720 cm in the spectra of 2-HEA,
which corresponds to stretching of the carbonyl group,? was found at slightly shifted positions in the
spectra of the SPEs and PEG (Figures 54 and S5). While both peaks are less intense than in the case of 2-
HEA, the intensity of the former is higher than that of the latter, which further corroborates incorporation
of 2-HEA into the SPEs. The relatively strong peak at 1186 cm™ in the 2-HEA spectra, which corresponds
to stretching of the carbon-oxygen single bond in ester groups,? appears to shift significantly upon
polymerization into both linear PHEA as well as cross-linked PHEA-I-PEG networks (Figure S8).

PEG incorporation: The characteristic methylene bands of PEG at ~2900 cm™! (stretching),® ~1460 cm!
(bending),* 5 and ~840 cm™ (rocking)® 5 can be observed in all SPEs (Figure 54, S5 and S6) confirming the
successful incorporation of PEG into the networks. Similarly, PEG absorptions in the range of 1050 cm' to
1150 cm™, which correspond to stretching of ether groups,* were also observed in the SPEs. While these
characteristic absorptions of PEG were found to remain unchanged in the neat SPE-1 (r = 0) as well as in
P(LiMTEFSI)-containing SPE-3 and SPE-4, they slightly shifted upon LiTFSI addition (SPE-1, r = 0.08)
(Figures S4, S5, and S6). Such salt-induced conformational changes are also observed in PEG-LiTFSI
homopolymer electrolytes,> > which confirms the complexation of PEG and LiTFSI in SPE-1 and SPE-2.

LiTESI/P(LiTMEFSI) incorporation: Confirmation of salt complexation and incorporation of P(LiMTSFI),
respectively, is seen in the fingerprint region of the IR spectra (Figure 54, S5, and S6). Several bands
resulting from TFSI- anion vibrations are observed in both, the spectra of LiTFSI and P(LiMTSFI) and the
corresponding SPEs, for example, between 1350 cm™ - 1300 cm™ (SO2 asymmetric stretching),? ¢ at

~1190 cm (CFs asymmetric stretching),® and ~740 cm (CFs symmetric deformation).> ¢ This is consistent
with IR spectra of PEG-LiTFSI complexes,® and other P(LiMTESI)-containing solid polymer electrolytes.”
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