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Figure S1. '"H NMR spectra of tri-arm poly(ethylene glycol) carbonate-ketone (TPEG-Carb-ket).
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Figure S2. Thermogravimetric analysis of TPEG-OH and TPEG-Carb-ket with and without LiTFSI (wt % indicated

in subscript).
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Figure S3. Nyquist plots of a) TPEG-OH,.,; b) TPEG-Carb-ket,o, at 30 °C; ¢) Temperature dependent ionic
conductivity for TPEG-OH,., and TPEG-Carb-ket,, and d) Linear sweep voltammetry of Li|TPEG-Carb-ket,,|SS at
1 mV s, 30 °C (x indicating the wt% of LiTFSI).
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Figure S4. Nyquist plots of a) for Cu/TPEG-OH,y|Li and Cu/TPEG-Carb-ket,(,|Li, respectively at open
circuit potential and RT; b) for Li| TPEG-OHy,|Li and ¢) Chronoamperometry and impedance measurement
for transference number calculation of Li| TPEG-Carb-ket,gs,|Li cell.
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Figure S5. a) Stripping and plating of Lithium for TPEG-OH,y, and TPEG-Carb-ket,o,, with Li-Li symmetric cell at
RT and b) Enlarged view of a) in 340-350 h and 0 — 10 h, respectively.
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Figure S6. Galvanostatic charge-discharge voltage profile for TPEG-Carb-ket,y,, and TPEG-OH,q, with gravimetric
capacity; a) At following charge and discharge of specific cycle at 0.1C; b) Capacity retention plot with cycle number
for Li|TPEG-Carb-ketyy,|LFP and Li|TPEG-OH,,|LFP, respectively at 0.1C and RT; ¢) Nyquist plot before PEIS
before and after cycling of Li| TPEG-OH,qy,|LFP and Li|TPEG-Carb-ket,os,|LFP (magnified scale in inset).
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Figure S7. Galvanostatic charge-discharge voltage profile for TPEG-Carb-ketsy, and TPEG-OHsge, with
gravimetric capacity; a) At following charge and discharge of specific cycle at 0.1C; b) Capacity retention
plot with cycle number for Li| TPEG-Carb-ketsq.,|LFP and Li| TPEG-OHs,|LFP, respectively at 0.1C and RT;
c¢) Galvanostatic charge-discharge voltage profile at different C-rate; d) Rate capability plot with different C-
rate for Li| TPEG-carb-ketsg,|LFP.
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Figure S8. HR-XPS of a) and d) oxygen (Ols), b) and e) nitrogen (N1s), ¢) and f) lithium (L1s) for lithium metal
and TPEG-Carb-ket of cycled Li|TPEG-Carb-ketyys,|LFP cell.
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Figure S9. Energy-minimized structures used in the quantum chemical calculations; a) and b) Structures used in

HOMO-LUMO orbital calculations, -OH ending and -Carb-ket ending, respectively; c) and d) Structures used in

AIMD simulations, -OH ending and -Carb-ket ending, respectively. The size of the structures was reduced in the
case of the AIMD simulations to allow for shorter simulation times due to the high computational cost.
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Figure S10. AIMD simulation input structures; a) -Carb-ket ending on LFP b) Carb-ket ending on Li ¢) -OH
ending on LFP d) -OH ending on Li.



Figure S11. AIMD simulation structures after 5 ps: a) -Carb-ket ending on LFP; b) Carb-ket ending on Li; ¢) -
OH ending on LFP; d) -OH ending on Li. In b) A reaction occurred in which the bond between a tertiary carbon
atom and the carbonate group broke.
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Figure S12. Bader charge population analysis for the oxygen atoms in the terminal groups for the AIMD
simulation structures after 5 ps. On the lithium metal electrodes, some of the oxygen atoms had an even more
negative charge for the -Carb-ket group as opposed to the -OH group, indicating a greater reactivity.



Table S1: Quantification table of XPS analysis of electrodes post-cycling indicating binding energy (BE), full width

half maxima (FWHM) and abundance ratio (%).

BE | 6875 |684.8|  |5325| [399.5| |289.3 |287.8] 2863 |284.8 | 282.7 169.6 55.5
lianode |FWHM| 2.1 | 2.1 29 22 TR ARRARRARE 19 23
A% | 37 | 94 |13.1]2838 12 [12] 19 | 35| 87 339 0.6 |4864| 16 6.7
BE | 6874 |6845|  |5326] [399.6] |289.8 |287.8] 2863 |284.8|282.1 169.6 |102.1]56.7
Em%e._u. AwHM| 23 | 18 26 21 16 | 16| 16 | 1.6 | 16 18 | 19|20
A% | 22 |08 |29 235 19 [19] 25 | 68 | 138 399 | 04 | 634 | 32 |01 |36




