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Materials and methods: All water-free synthesis and handling of moisture-sensitive salts were
performed in an argon-filled MBraun glovebox maintained below 0.1 ppm of O, and H,O.
CsCByH,,, CsCB,;H,,, HNEt;CB,,H,, and HNEt,CB;H,, were obtained from Katchem and used as
received. All other materials were obtained from Sigma-Aldrich. LIHMDS was recrystallized from
hexane prior to use. Tetrahydrofuran and hexane were purchased in anhydrous form and further
dried by storage over 3 A molecular sieves for a minimum of 24 hours prior to use.

Characterization: NMR spectra were obtained on a Varian Vnmrs700 instrument in DMSO-d,.
Raman spectroscopy was performed under argon on a Horiba LabRAM HR Microspectrometer
using a 532 nm excitation laser. The XRD measurements were conducted in Rigaku SmartLab®
equipped with Cu Ka Xray source. To prevent exposure to air, the material was loaded in quartz
capillaries and measured at 0.05° step size between 5-80°.

Electrochemical testing: For metal plating and striping tests, the electrolyte material was
uniaxially pressed at 486 MPa to obtain a pellet of 11 mm diameter and 0.5 mm thickness. This
pellet was sandwiched between a surface-scratched Li or Na metal disk (11 mm diameter) and a
stainless steel disk (11 mm diameter, 0.012 mm thickness). Stainless steel disks were prepared
from foil that was first polished with 0.3 pm Al,O; micropolish suspension (Buehler) and rinsed
with water, then punched into 11 mm diameter disks, which were first sonicated with
acetone/water (1:1) and then with water, and finally dried in a vacuum oven at 80 °C. The
sandwiched pellet was assembled in a cell between two stainless steel rods with a constant
torque of 0.3 Nm.

For oxidative stability evaluation, pellets of 11 mm diameter consisting of an electrolyte
composite layer (0.3 mm thickness) and an electrolyte layer (0.5 mm thickness) were prepared
by uniaxially pressing the electrolyte material under 81 MPa, followed by adding a powder stack
of electrolyte composite prepared as described below and uniaxially pressing again at 486 MPa.
A stainless steel disk (11 mm diameter, 0.012 mm) prepared as explained above was attached to
the electrolyte composite side of the pellet and a surface-scratched Li or Na metal disk (11 mm
diameter) was attached to the electrolyte layer side of the pellet. All components were
assembled in a cell between two stainless steel rods with a constant torque of 3.5 Nm.
Electrolyte composites used above were prepared by mixing the electrolyte material and
stainless steel powder in a volume ratio 1:1 with agate mortar and pestle for 5 minutes. We
selected stainless steel over carbon as conductive material to avoid any potential parasitic
effects resulting from interaction between carbon surface groups and electrolyte material. The
oxidative stability was measured on a planar stainless steel electrode (11 mm diameter, 0.012
mm) prepared as described above. For the DC polarization measurements, the working
electrode was the electrolyte-stainless steel composite described before, that was attached to a
stainless steel planar electrode (11 mm diameter, 0.012 mm). In these experiments, the voltage
was set to a predetermined value that was held for 3 hours then progressively increased. The
current response at each of these voltages was recorded. The cycling performances of metal
plating and stripping were evaluated by CV between -0.5 V and 3.050 V (vs. Li/Li*) and -0.5 V
and 2.8 V (vs. Na/Na*) at room temperature and 0.1 mV/s scan rate. Electrochemical oxidative
stability was assessed by CV between 2.0 V and 5.8 V at room temperature and 0.1 mV/s scan
rate.



Oxidative stability was determined from the intersection of two straight lines obtained by linear
regression of (i) the nonfaradaic current associated with the double layer capacitance and (ii)
the faradaic anodic current. Two cells were tested for each of the electrolytes. For the
conductivity measurements, the solid state electrolyte was grinded using a mortar and pestle
then uniaxially pressing it at 486 MPa pressure for 10 min, sandwiched between carbon coated
aluminium foils (11 mm diameter, 0.02 mm thickness). The cell then was torqued at 3.5 N.m
and allowed to equilibrate for about 4 hours at 30 °C before the impedance measurement was
taken. All electrochemical measurements were performed on a Biologic VMP3 multi-channel
potentiostat.

LiCB,,H,, (aqueous route). A solution of CsCB;;H,, (10 g, 36.2 mmol) in H,0 (60 mL) at 50 °C
was passaged through a column of cation exchange resin (Dowex 50W-X8, Li* form, 135 mL).
The aqueous solution containing LiCB;;H,, was evaporated to dryness and the resulting solid
was further dried under vacuum at 120 °C for 16 h and at 160 °C for 24 h. Yield: 5.27 g (97%).
Residual H,0 (*H NMR): 522 ppm.

LiCB,,H,, (water-free route). A solution of LIHMDS (7.9 g, 47.2 mmol) in dry THF (25 mL) was
added in 5 mL portions to a stirring solution of HNEt;CB,;H,, (11 g, 44.9 mmol) in dry THF (115
mL) cooled at 10 °C. The suspension was heated until all solid dissolved (35 °C). Dry hexane (100
mL) was added and the resulting suspension was cooled to 10 °C while stirring for 1 hour. The
solid was collected by filtration, washed with dry THF/hexane (7:5, 24 mL) and dry hexane (2x40
mL), then transferred to a crystallization dish and heated under argon flow to 160 °C for 1.5 h
and 250 °C for 48 h. Yield: 6.39 g (95%).

LiCBgH,, (water-free route). A solution of LIHMDS (9.52 g, 56.9 mmol) in dry THF (25 mL) was
added in 5 mL portions to a stirring solution of HNEt;CBgH,, (12 g, 54.2 mmol) in dry THF (45
mL) cooled at 10 °C. The suspension was heated until all solid dissolved (23 °C). Dry hexane (140
mL) was added and the resulting suspension was cooled to 10 °C while stirring for 1 hour. The
solid was collected by filtration, washed with dry THF/hexane (1:2, 24 mL) and dry hexane (2x40
mL), then transferred to a crystallization dish and heated under argon flow to 140 °C for 1 h, 200
°C for 1 h and 250 °C for 48 h. Yield: 6.76 g (99%).

NaCB,,H,,. A solution of CsCB,;H;, (3.32 g, 12 mmol) in H,0 (60 mL) at 50 °C was passaged
through a column of cation exchange resin (Dowex 50W-X8, Na* form, 75 mL). The aqueous
solution containing NaCB,,H;, was evaporated to dryness and the resulting solid was further
dried at 100 °C for 16 h under vacuum and at 200 °C for 24 h under argon flow. Yield: 1.92 g
(96%). Residual H,0 (*H NMR): 94 ppm.

NaCBgH,,. A solution of CsCBgH,, (1.89 g, 7.5 mmol) in H,0 (60 mL) at 50 °C was passaged
through a column of cation exchange resin (Dowex 50W-X8, Na* form, 27 mL). The aqueous
solution containing NaCBgH,, was evaporated to dryness and the resulting solid was further
dried under vacuum at 100 °C for 16 hours and 160 °C for 16 h. Yield: 1.02 g (96%). Residual H,0O
(*H NMR): 29 ppm.



Table S1. Summary of reported methods for the synthesis of unsolvated Na or Li salts of CB;,H,, or/and CBgH,,
anions, sorted chronologically.

Solvated salt origin Drying method Ref

lon exchange of [Et;NH]CB,;H,, to Under vacuum at 160 °C (LiCB,;H;, ) and 57
[H;0]CB,,H,,, followed by neutralization with °C (NaCB,;H,,).

0.1M XOH (X=Na or Li) until pH=7 and water !
evaporation.

LiCB,,H,, and NaCB,,H,, were obtained Under vacuum at 160 °C (LiCB,;H,,) and 80 5
commercially. °C (NaCB,,H,,) for 6 h.

LiCBqH,5-xH,0, NaCBgH,, LiCB,;H;,-xH,0, and Under vacuum at 200 °C, 160 °C, 160 °C
NaCB,;H,, were obtained commercially. and 80 °C overnight, respectively.

Li,(CBgH10)(CB1;H,,) and Na,(CBgH40)(CBy;H,;,) | Under vacuum at 200 °C overnight.
were synthesized by first dissolving equimolar 3
amounts of the respective pure anhydrous
components in water followed by solid-hydrate
precipitation by room-temperature evacuation
of the excess water.

LiCB4H,,-xH,0 and NaCBg4H,, were obtained “Hours of evacuation” between 160 °C and 4
commercially. 200 °C.

Acid-base reaction of an aqueous solution of Acetonitrile solvate was dried under
(NMe;H)CB,,H,, with excess LiOH, then reduced pressure (10 Pa) at 130 °C for 7
evaporation to dryness. The solid was added days.

H,O and extracted with Et,0; organic phase
was washed with an aqueous solution of LiOH
(10%), LiCl (20%), and water, then dried first 5
with powdered activated molecular sieves and
then with LiH, followed by solvent evaporation.
The obtained oil was dissolved in CH;CN, stirred
with activated charcoal, followed by solvent

removal.

Deprotonation of (NMe;H)CB,;H,, with excess | Acetonitrile solvate was dried under

LiH in CH;CN; excess LiH removed by filtration, | reduced pressure (10 Pa) at 130 °C for 7 6
followed by solvent removal. days.

NaCB,,H,, was obtained commercially. Under dynamic vacuum at 250 °C for 12 h. 7
NaCBgH,, and NaCB,;H,, were obtained Under vacuum (<103 mbar) at 160 °C for 6 8
commercially. h.

[Hydrated] LiCBgH,, and LiCB,;H,, were Under vacuum at 200 °C (LiCBgH,,) and 160
obtained commercially. °C (LiCB,4H,,) for 12 h.

Li,(CBgH,()(CB,,H;,) was prepared using an Under vacuum at 150 °C for 1 h, then heat- | 9
equimolar mixture of pre-dried LiCBgH,, and treated under vacuum at 200 °C for 4 h.

LiCB,,H,, after dissolution in anhydrous
isopropanol and rotary evaporation.




LiCB4H,,'xH,0 and LiCB;;H;,-xH,0 were Under vacuum (<5 x 107 Pa) at 200 °C for
obtained commercially. 12 h (LiCBgH,,) and 160 °C for 12 h 10

(LiCBy;Hy»).

Und 103 mb t 250 °C for 12
NaCB,,H;, was obtained commercially. h nder vacuum ( mbar) a or 11
LiCBgH,, LiCB,;H,,, NaCBsH,, and NaCB,;H,, Under dynamic vacuum (=103 mbar) at 12
were obtained commercially. 200 °C overnight (at least 12 h).
LiCB4H,,(H,0) and LiCB,,H,,(H,0), s were At 180°C for 12 h. 13
obtained commercially.
NaCBgH,,xH,0 and NaCB,,H;,-xH,0 were Under vacuum at 120 °C overnight. 14
obtained commercially.

Underd i =103 mbar) at
NaCB,,H;, was obtained commercially. 1520 (:(r: f;/:ir;lhc.vacuum ( mbar) a 15
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Figure S1. 'H NMR spectrum of NaCB,;H,, in DMSO-dj.
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Figure S2. 11H NMR spectrum of NaCBgH,, in DMSO-dj.
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Figure S3. H NMR spectrum of LiCB,;H,, (prepared using non-aqueous route) in DMSO-dj,.
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Figure S4. H NMR spectrum of LiCBgH,, (prepared using non-aqueous route) in DMSO-d,.
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Figure S5. 'H NMR spectra of (a) HNEt,CB,;H,,, (b) LiCB,,H,, obtained via aqueous route, (c) LiCB,;H,, obtained via water-free
route. * DMSO, ™ Impurities
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Figure S6. B{*H} NMR spectra of (a) HNEt;CB,H,,, (b) LiCB,;H,, obtained via aqueous route, (c) LiCB;,H,, obtained via water-
free route. ® Impurities
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Figure S7. XRD results of LiCB,,H,, produced through the anhydrous synthesis process.
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Figure S8. XRD results of LiCB4H,, produced through the anhydrous synthesis process.
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Figure S9. Cyclic voltammetry curve of LiCB,,H,, in Li/SE/SE-SS/SS (SS=stainless steel) at a scan rate of 0.1
mV/s at 25°C.
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Figure S10. Cyclic voltammetry curve of NaCB,;H,, in Na/SE/SE-SS/SS (SS=stainless steel) at a scan rate of
0.1 mV/s at 25°C.
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Figure S11. Cyclic voltammetry curve of LiCBgH,, in Li/SE/SE-SS/SS (SS=stainless steel) at a scan rate of 0.1
mV/s at 25°C.
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Figure S12. Cyclic voltammetry curve of NaCBgH,, in Li/SE/SE-SS/SS (SS=stainless steel) at a scan rate of 0.1
mV/s at 25°C.
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Figure S13. Raman spectrum of LiCB;;H,,.
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Figure S14. Raman spectrum of NaCB,;H,,.
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Figure S15. Raman spectrum of HNEt;CB,;H;,.
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Figure S16. Raman spectrum of LiCBgH, .
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Figure S17. Raman spectrum of NaCBgH,,,.
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Figure S18. Raman spectrum of HNEt;CBH,,.
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Figure S19. Anodic linear scan voltammograms of LiCB,;H,, in Li/SE/SE-SS/SS (SS=stainless steel; SE/SS ratio
is 1:1 by volume) and Li/SE/SS cells at a scan rate of 0.1 mV/s at 25°C.
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Figure S20. Anodic linear scan voltammograms of NaCB,,H,, in Na/SE/SE-SS/SS (SS=stainless steel; SE/SS
ratio is 1:1 by volume) and Na/SE/SS cells at a scan rate of 0.1 mV/s at 25°C.
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Figure S21. DC polarization curves of LiCB;H,, in a Li/SE/SS-SE/SS (SS=stainless steel; SE/SS ratio is 1:1 by
volume) between 3-5.5 V vs Li.
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Figure S22. Impedance plot of a SS/LiCB,;H,,/SS cell (SS=stainless steel) at 30°C. Electrode surface
area=0.94 cm?, pellet thickness=357 um.
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Figure S23. Impedance plot of a SS/NaCB,;H,,/SS cell (SS=stainless steel) at 30°C. Electrode surface
area=0.94 cm?, pellet thickness= 210 um.
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Figure S24. Impedance plot of a SS/LICB4H,,/SS cell (SS=stainless steel) at 30°C. Electrode surface area=0.94

cm?, pellet thickness=368 um.
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Figure S25. Impedance plot of a SS/NaCBgH,,/SS cell (SS=stainless steel) at 30°C. Electrode surface
area=0.94 cm?, pellet thickness=444 um.
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