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Scheme S1. The synthesize route of TDAC+PF4 compound.
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Fig. S1. The 'H NMR, 3C NMR and 'F NMR spectral data of the as-synthesized TDAC<PF
compound.



Fig. S2. Photographs of baseline electrolyte dissolved with different weight percentages of

TDAC-<PFg salt.
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Fig. S3. Overcharge protection performance of NCA/Si-C cell with 0.2 M TDAC electrolyte.
a) 100% overcharge profiles at different current rates; b) continuously charging voltage profile

at 0.2 C; c¢) 100% overcharge cycling performance at 0.2 C.
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Fig. S4. Overcharge protection performance of LMO/graphite cell with 0.2 M TDAC
electrolyte. a) Voltage profiles of LMO/graphite cell, LMO/Li half-cell and graphite/Li half-
cell; b) 100% overcharge profiles at different current rates; ¢) continuously charging voltage

profile at 0.2 C; d) 100% overcharge cycling performance at 0.2 C.

Note: the LMO/graphite cell can carry an utmost 2.2 mA cm? current (1 C) with 100%
overcharge as displayed in Fig. S4b, endure ~112 h (equal to 2200% SOC) at 0.2 C as displayed

in Fig. S4c and survive 34 cycles with 100% overcharge at 0.2 C as displayed in Fig. S4d.
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Fig. S5. Overcharge performance of NCMIl1/graphite cell, LiCoO,/graphite and
LiMn,04/Li4Ti501; cell with 0.2 M TDAC electrolyte at 0.2 C.
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cl cCl
s1
usage 30049 500 mL 145 mL 60 g, 17% yield
price  5kg/$ 278 41/$65 41/%$158
(Alfa Aesar) (Oakwood) (Oakwood)
$10 for )
cost 17 38 6 electricity and work-up Sum: $ 41
$1=3%0.7 per gram
cl Cl
Me Me -
DCM Cl
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Cl Cl
Me/LMe Me)\l\fle
S2
usage 159 79 mL 500 mL 13.8 g, 64% yield
price 1g/$0.7 4L/368
(Oakwood)
$10 for )
cost $11 $1 electricity and work-up Sum: $ 22
S2 =% 1.6 per gram
Cl Me\S
Me Me Me Me PF6
)\ 'J\ O\\ //O )\ /l\
Me )N\ /li Me + Na,ySexH,0O + S S TONHPFe —————=  me” "N N~ "Me
Me” MeMe” “Me Me)\MeMe)\Me
S3
usage 29 149 1mL 2g 1.39 g, 65% vyield
price 19/%16 25kg/$823 3kg/$123 500g/%115
(Aldrich) (Oakwood) (Oakwood)
¢ $3 $5 for
cos electricity, other chemicals and work-up Sum: $ 8

S3 = $ 5.8 per gram

Fig. S6. The cost calculation of the TDAC compound. Please bear in mind, this is a very new
proprietary compound which has not been commercialized and mass produced yet. The cost
estimated is on the lab scale NOT on mass production level e.g. the overhead, logistics etc. are

not included, neither does the quantity discount.



Table S1. Performance summary of state-of-the-art redox shuttles for 4V-class cathodes.

Shuttle Concentr | Overcharge Protection
Cell chemistry Cell capacity Ref.
additives ation current cycles
1# LiNi1/3CO1/3Mn1/302/Li half-cell 2 mAh 04 M 0.2 mA cm2 7 1
LiMn,O,/Li half-cell 0.83 mAh cm™ 0.01M 0.083 mA cm™ 11 2
2#
Li1_2Ni0_15COg_1Mno_5502/Li half-cell 0.83 mAh cm=2 0.01 M 0.083 mA cm™2 9
3# LiMn,O,/MCMB full cell 1 mAh cm? 0.15M 0.1 mA cm? 95 3
a# LiNi§C00.15Alo.0s02/graphite full cell | 2 mAh cm 0.05M 0.2 mA cm? 16 4
LiNip gC0g.15Alp 0s02/graphite full cell | 2.2 mAh cm? 0.2M 0.44 mA cm2 54
5# this
LiNig §C0g 15Alp.050-/silicon-carbon 3 mAh cm?2 02M 0.6 mA om?2 29 work

full cell
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Fig. S7. a) The first two formation cycles and b) cycling performance of NCA/Si-C cell in 0.2
M TDAC electrolyte between 2.7-4.3 V.
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Fig. S8. Cycling performance of LMO/graphite cell in 0.2 M TDAC electrolyte between 3-4.3
V.

Note: The LMO/graphite cell with TDAC containing electrolyte remains at 84.3% capacity
with a nearly 100% CE after 300 cycles.



Fig. S9. Elemental mapping images of the reclaimed NCA cathode after overcharge.
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Fig. S10. Elemental mapping images of the reclaimed graphite anode after overcharge.
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