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Figure S1. Thermogravimetric (a) and ionic conductivity (b) profiles of unsupported QSPEs with different
plasticizers, with LiFSI as lithium salt, and prepared with acetone as processing solvent.
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Figure S2. Plating/stripping profiles of Li||Li cells with unsupported QSPEs, and with 500 pum-thick Li electrodes.
Unsupported QSPEs were prepared with LiFSI as lithium salt, and with acetone as processing solvent. Cycling

was performed at room temperature and at a plated/stripped capacity of 1 mAh cm™. Electrolyte plasticizers: a)
TEGDME; b) PC; c) EC.
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Figure S3. Plating/stripping profiles of Li||Li cells with unsupported QSPE, EC as electrolyte plasticizer, LiFSI as
lithium salt, and with thin Li-Cu electrodes. Cycling was performed at room temperature and at a plated/stripped
capacity of 1 mAh cm™.

Figure S4. Cross-section SEM images of a supported QSPE, at the interface between the infiltrated polyolefin
microporous separator (bottom) and the overlaying QSPE layer (top), obtained at an acceleration voltage of 2 kV.
a — c) Images obtained with an in-lens detector at a) 7kx, b) 14kx, and c¢) 14kx magnification; d — f) Images
obtained with an in-column detector at a) 7kx, b) 14kx, and c) 14kx magnification.
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Figure S5. Chronoamperometric profiles of Li||Li cells at 25 °C and AV = 10 mV. During the first 30 s, the record
frequency was one point every 10 ms. Afterwards, one point every 200 ms. The insets show the EIS spectra
collected before and after the chronoamperometries. a) QSPE-1; b) QSPE-2; ¢) QSPE-3.
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Figure S6. LSV profiles of SS||Li cells with unsupported QSPEs, collected at room temperature and at 0.1 mV s,

a) QSPEs with LiSFI as main salt, and different plasticizers; b) EC as plasticizer, LiFSI and mixture of
LiFSI/LiBOB.
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Figure S7. Plating/stripping performance of a Li-Cu|QSPE-1|Li-Cu cell at room temperature and with
plated/stripped capacity of 2 mAh cm 2. a) Voltage vs. time profile. Short circuit was observed in the last cycle at
C/2; b) voltage vs. capacity profiles at different C-rates (fifth cycle at each C-rate, fourth cycle at C/2); c) average

plateau voltage vs.current density. The slope was used to estimate the internal cell resistance in steady-state
conditions.
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Figure S8. Voltage vs. time profiles of Cu|QSPE-2|Li cells (three replicas). The average coulombic efficiency

during the intermediate short cycles is indicated in bold. The coulombic efficiency of the first two conditioning
cycles is also indicated.
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Figure S9. Voltage vs. time profiles of Cu|QSPE-3|Li cells (three replicas). The average coulombic efficiency
during the intermediate short cycles is indicated in bold. The coulombic efficiency of the first two conditioning
cycles is also indicated.



Time/h

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
a) 06 L | | | | | | | | | | | | | L | L | L |

T T T I. T T T ; T T T T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Time/h

Figure S10. Voltage vs. time profiles of Cu|QSPE-2|Li cells cycled for XPS experiments. Galvanostatic cycling
was performed at room temperature. The long cycles were carried out at 2 mAh cm™2, and at 0.1 mA cm™2. Short
cycles were performed at 0.2 mAh cm ™2, and at 0.1 mA cm™. a) Long-cycled electrode; b) fully plated electrode;
c) fully stripped electrode.
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Figure S11. X-ray photoelectron spectra of fully stripped Cu electrodes recovered from Cul|Li cells, cycled either
with QSPE-2 or QSPE-3 as electrolyte. Cycling was performed at room temperature, with three cycles (stripped
state) at 2 mAh cm 2 and 0.1 mA cm™2. The spectra obtained with QSPE-2 are shown in the upper panels, those
with QSPE-3 in the lower panels. a) F 1s,b) O Is, ¢) N 1s, d) C 1s, €) B 1s and f) S 2p photoelectron peaks.



a) b) c)

F s FSI- QSPE-2
. LiF
LI TR ER TR FRN T |

QSPE-3
NO,~

LI . S O . T U o s s F % k¢ k% " T Y T ¥ T Y T
692 690 688 686 684 682 680 538 536 534 532 530 528 526 410 405 400 395

N 1s

Intensity / a. u.
Intensity / a. u.

Intensity / a. u.

Binding energy / eV Binding energy / eV Binding energy / eV
f
9 Cils C-C, C-H QsPE- e) B1s QSPE-2 ) $2p g QSPE-2
c-0
€O, LW
: A . ; 50,
© © R [\ D =
ol = LiBOB Li,BO, gl —
"5 T T T T T T T g LA L DL LA DL B ‘5 T T T T T T
E QSPE-3 E E QSPE-3
= = =
T Y T ¥ T % T E T S T Y T : L L L ISR PR PR SR PR N ML |
295 290 285 280 196 195 194 193 192 191 190 176 174 172 170 168 166 16
Binding energy / eV Binding energy / eV Binding energy / eV

Figure S12. X-ray photoelectron spectra of fully plated Cu electrodes recovered from Cul|Li cells, cycled either
with QSPE-2 or QSPE-3 as electrolyte. Cycling was performed at room temperature, with two and a half cycles
(plated state) at 2 mAh cm™2 and 0.1 mA cm 2. The spectra obtained with QSPE-2 are shown in the upper panels,
those with QSPE-3 in the lower panels a) F 1s,b) O 1s,¢) N 1s, d) C 1s, e) B 1s and f) S 2p photoelectron peaks.
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Figure S13. Relative concentration of the different species obtained from deconvolution of the XPS spectra of Cu
electrodes, after two and a half cycles at 2 mAh cm 2 and 0.1 mA cm 2 (plated), three cycles in the same conditions
(stripped), and after 50 cycles at 0.2 mAh cm 2 and 0.1 mA cm2 (50 cycles).
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Figure S14. Specific discharge capacity of three NMC-811|[Li-Cu coin cells with QSPE-3 as electrolyte, cycled
at room temperature, with cathode active material loading of ~13 mg cm 2.
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Figure S15. Rate of capacity fade of two NMC-811||Li-Cu coin cells, with QSPE-2 and QSPE-3 as electrolytes,
cycled at room temperature, between 3.0 V and 4.3 V, and at constant C-rate of C/10. The active material loading
was of ~13 mg cm 2.
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Figure S16. Selected EIS spectra of NMC-811||Li-Cu cells with a) QSPE-2 and b) QSPE-3, upon cycling at room
temperature, between 3.0 V and 4.3 V, and at constant C-rate of C/10. Dashed lines represent the fitting curves,
in an extended frequency range (1 MHz to 0.001 Hz).
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Figure S17. Equivalent circuit model used to fit the EIS spectra of NMC-811||Li-Cu cells in Figure S16.
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Figure S18. Selected EIS spectra (positive electrode spectra) of a three electrode NMC-811||Li-Cu cell, with
QSPE-2 as electrolyte, upon cycling at C/20 (cycle 1: first cycle at C/20). a) Spectra at the end of charge (EoC);
b) spectra at the end of discharge (EoD); ¢) zoom on the high/middle-frequency region at the EoC; d) zoom on
the high/middle-frequency region at the EoD. The EIS spectra were collected after one hour resting. Dashed lines

represent the fitting curves.

13



a)-1500 b)-1500
EoC EoD
-1000 - Fe ~1000 -
c i c
= i :
N i . N i
-500 - ",;‘ "',_.»-' C;:cle1Nr. -500 - C{cle1Nr.
& < 10 10
1 j . 20 .20
v 30 + 30
0+ T T T T T 0 - T T T T T
0 500 1000 1500 0 500 1000 1500
Z'1Q Z'1Q
d) -200 c) -200 —
EoC |EoD
~150 - 4 -150 - e
9. -100 - { ,_Cj -100 - Cycle Nr. fa ’ ’;I‘ v
N N c L
1 [ e Cycle Nr < 10 v L
[ o . 1 _ L 20 F0 AT
-50 4 : :- A . 10 50 A . 30 ; ) “A;
] jeds L 20 i T
M’ v 30 W
O T T T T T 0 1 T T T T T

T T
0 50 100 150 200

Z'[Q

—
0 50 100 150 200

Z'1Q

Figure S19. Selected EIS spectra (positive electrode spectra) of a three electrode NMC-811||Li-Cu cell, with
QSPE-3 as electrolyte, upon cycling at C/20 (cycle 1: first cycle at C/20). a) Spectra at the end of charge (EoC);
b) spectra at the end of discharge (EoD); ¢) zoom on the high/middle-frequency region at the EoC; d) zoom on
the high/middle-frequency region at the EoD. The EIS spectra were collected after one hour resting. Dashed lines
represent the fitting curves.
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Figure S20. The equivalent circuit model used to fit the EIS spectra of NMC-811||Li-Cu three-electrode cells.
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Figure S21. Characteristic time constants of the polarization phenomena associated with the positive electrodes
EIS spectra of NMC-811|[Li-Cu cells with a) QSPE-2, and b) QSPE-3.
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