Supplementary information

To confirm the synthesis was successful, '"H and "C NMR spectroscopy was used to
characterise the salts. The NMR spectra for Zn(MA), is in agreement with the expected spectra
with three proton environments and four carbon environments detected, albeit with some
impurities denoted with * in the spectra. The Elemental Analysis (EA) (found below the NMR)
for Zn(MA). revealed the C and H % were within 1.5% for C and 0.3 % for H of the calculated
ratios. Meanwhile, Electrospray lonisation Mass Spectrometry (ESI-MS) for Zn(MA). detects
the full protonated salt and a mass which is in-line with Zn(MA) (Fig. S2).
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Fig. S1 - a) "H NMR of Zn(MA): * denotes impurities, most likely HMA precursor b) >*C NMR of
Zn(MA): * denotes impurities, most likely HMA precursor.

"H-NMR (300 MHz, CDCl;, TMS): °H: 3.4 (s, 6 H, CH3), 3.55-3.81 (m, 8 H, CH>), 4.11 (s, 4 H,
CH.COO)
3C-NMR (300 MHz, CDCI3;, TMS): dC: 58.91 (2 C, CH3), 69.42 (2 C, CH,COO"), 68.61 (2 C,
CH>OCHs3), 68.61 (2 C, CH.OCH.COO"), 176.81 (2 C, COO")
Elemental analysis: calculated: 36.22% C, 5.78% H; found: 34.88% C, 5.47% H
ESI-MS (DCM-MeOH, NH4Ac): m/z (+p): 196.98 (20%, Zn(MA)H+), 331.04 (75%, Zn(MA)H+)
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Fig. S2 - MS for Zn(MA)..



The NMR spectra for Zn(MEA), is in agreement with the expected spectra with three

proton environments and five carbon environments detected. There are some slight impurities,
denoted with * in the spectra. The EA for Zn(MEA). revealed the C and H % were within 1 %
for C and 0.2 % for H of the calculated ratios. Meanwhile, ESI-MS for Zn(MEA). detects the
full protonated salt and a mass which is in-line with Zn(MEA) (Fig. S4).
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Fig. S3 - a) "H NMR of Zn(MEA): * denotes impurities, most likely HMEA precursor b) °C NMR of
Zn(MEA):2 * denotes impurities, most likely HMA precursor.

'H-NMR (300 MHz, CDCls, TMS): °H: 3.33 (s, 6 H, CHs), 3.47-3.77 (m, 16 H, CH,), 4.04 (s, 4

H, CH.COOH)

13C.NMR (300 MHz, CDCls, TMS): °C: 58.86 (2 C, CHs), 68.61 (2 C, CH,COO") 70.21 (6 C,

CHy), 71.72 (2 C, CH,OCHs),176.10 (2 C, COO’)

Elemental analysis: calculated: 40.06 % C, 6.24% H; found: 39.125% C, 6.546% H
ESI-MS (DCM-MeOH, NHsAc): m/z (+p): 241.01 (100%, Zn(MEA)H+), 419.09 (100%,

Zn(MEA)H+)



SYNAPT G2-S#NotSet JB002
FRR-6_1 13 (0.231) Cm (11:15) 1: TOF MS ES+
100 241.0066 419.0903 2.70e7
43,0033 421.0875
<
661.0847
45,0022 4230861
659.0876,
Jes5.0811
452.0441
529.0059
183.0004 0831
533.0027 1081.1624
149‘953§ 1“3871"25 50013 JE58.0827 872_,223949034{‘ 1077.1658.|-1085.15911201.1990 1369 1608  1499.2412
B S e A TP S
100 200 300 400 500 600 700 800 900 1000 =~ 1100 = 1200 | 1300 = 1400

Fig. S4 - MS for Zn(MEA)..



The NMR spectra for Zn(MEEA), is in agreement with the expected spectra with three
proton environments and six carbon environments detected. The EA (found for Zn(MEA):
revealed the C and H % were within 1 % for C and 0.8 % for H of the calculated ratios.
Meanwhile, ESI-MS for Zn(MEEA). detects the full protonated salt and a mass which is in-line
with Zn(MEEA) (Fig. S6)
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Fig. S5 - a) "H NMR of Zn(MEEA)2 b) *C NMR of Zn(MEEA)2.

"H-NMR (300 MHz, CDCls, TMS): dH: 3.30 (s, 6 H, CHs), 3.48-3.68 (m, 24 H, CH,), 3.91 (s, 4
H, CH.COO)

*C-NMR (300 MHz, CDCl3;, TMS): dC: 58.86 (CHs), 68.61 (CH.COO"), 69.95 -70.50 (8 C,
CH>), 71.14 (CH,OCH.COO"), 71.77 (CH30CH>), 176.10 (COO")

Elemental analysis: calculated: 42.57% C, 6.75% H; found: 43.52% C, 7.56% H

ESI-MS (DCM-MeOH, NH4Ac): m/z (+p): 285.03 (100%, Zn(MEEA)H+), 477.13 (100%,
Zn(MEEA),-CH20) 507.14 (75%, Zn(MEEA);H+)
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Fig. S6 - MS for Zn(MEEA)..



Based on the NMR, EA and MS data we are confident that the salts were all
successfully synthesised. To further characterise the salts, differential scanning calorimetry
(DSC) was used and revealed that melting and glass transition temperatures decrease with
longer chains. Zn(MA). has a glass transition temperature of 145 °C, whereas Zn(MEA); is
technically an ionic liquid with a glass transition temperature of 97 °C. Zn(MEEA), has no
discernible glass transition temperature, indicating that Zn(MEEA). is a room temperature ionic
liquid. Thermogravimetric analysis (TGA) demonstrated high thermal stability, with

decomposition temperatures around 300°C for all three salts.
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Fig. S7 — a) Differential scanning calorimetry (DSC) in grey and thermogravimetric analysis (TGA) in
orange for Zn(MA)2, b) DSC (grey) and TGA (red) for Zn(MA)2 and c) DSC (grey) and TGA (red) for
Zn(MEEA)..
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Fig. S8 — a) lonic conductivity for Zn(MA)z, Zn(MEA)2and Zn(MEEA)z and b) Zn || Zn symmetric cells
for 1 M Zn(MA): (orange), 1 M Zn(MEA): (blue) and 1 M Zn(MEEA): (red).

(4
N

o
o
£

» B
o0 ©
1 1

Conductivity / mS.cm™
=
S

42 + {
\ -
) !
38
Cor:trol 5wt% IZnMA 5wt% inMEA 5wt% ZInMEEA

Fig. S9 — lonic conductivity for 2M ZnSOa4, 5wt% Zn(MA)z2, Zn(MEA)2and Zn(MEEA)zin 2M ZnSO4
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Fig. S10— Zn || Cu cell cycled with 2 M ZnSOs using CE% method following Xu et al. which failed
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Fig. S11—Zn || Cu cell cycled with 2 M ZnSO4+ at 5 mA.cm? / 10 mAh.cm
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Fig. S12—a) Zn || Zn cells for 2 M ZnSO4+ 5wt% Zn(MEEA): (blue) and 2M ZnSO4 + 5wt% TEGDME
at 0.624 mA.cm? /2.5 mAh.cm? & b) CE% determination with 2 M ZnSO4+ 5 and 10 wt% TEGDME in
Zn || Cu.
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Fig. S13—a) FT-IR of 2 M ZnSO« (grey), 2 M ZnSO4+ 5wt% Zn(MEC)2 (orange), 2 M ZnSO4+ 5wt%
Zn(MEA)2 (red) and 2 M ZnSO4 + 5wt% Zn(MEEA): (blue)
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Fig. S14 - a) "H NMR for 2 M ZnSOs, b) "H NMR 2 M ZnSOx + 5wt% Zn(MA)2 ¢) "H NMR 2 M ZnSO4 +
5wt% Zn(MEA)2 and d) 'H NMR 2 M ZnSOx + 5wt% Zn(MEEA)s.
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Fig. S15 - C 2s XPS spectra for Zn anodes cycled in 2 M ZnSO4 + 5wt% Zn(MEEA): (top) and 2 M

ZnSOq (bottom) with Ag* ion beam up to a depth of ~10 nm.
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Fig. S16 a) cyclic voltammetry of electrolytes at 5 mV/s on glassy carbon (WE), Pt wire (CE) and
Ag/AgCl leakless electrode (REF) for 2 M ZnSO4 & Zn(MEEA)2 & b) EDLC of 2 M ZnSO4 & 5wt%
Zn(MEEA)2
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Fig. S17 — Titration of HMEEA
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Fig. S18 — S 2p XPS spectra for Zn anodes cycled in 2 M ZnSO4 + 10 M Urea + 5wt% Zn(MEEA)2
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Fig. S19. (a) Ohmic drop of the full cell shown in Fig. 6b after charge and discharge states. (b)
Electrochemical impedance of the Zn anode measured in a three-electrode configuration, with and
without Zn(MEEA),. (c) Potential of the zinc foil (reference/counter electrode) during galvanostatic
cycling in Zn/MnO; three-electrode cells, with and without Zn(MEEA).. (d) Potential vs. time of the MnO,,
working electrode with and without Zn(MEEA), additives.

Ref. Electrolyte Current Areal Cumulative
Density Capacity Capacity

(mA.cm?) | (mAh.cm?) | (mAh.cm?)
2M ZnSO4 + 5wWt% Zn(MEEA): 5 10 2500
1 1m ZnSO4 + 0.1m HTFSI 4 2 1100
2 2M ZnSO4 + 0.05M DOTf? 4 4 1000
3 1 M ZnSOs4 + 0.5wt% PEO?® 1 1 1500
4 2M ZnSQO4 + 20mM PMS* 10 10 2000
5 2M ZnSO4 + 5mM PV?® 1 1 300

Table 1. Comparison of Zn(MEEA): additive to literature.
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