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Supplementary Figure 1 | Illustration of the evolution of the total energy during
the structural optimization and molecular simulation for the 2 m LiTFSI-H>O and
2 m LiTFSI-94%PEG-6%H:0 systems. a-b, the evolution of the total energy of 2 m
LiTFSI-H20 and 2 m LiTFSI-94%PEG-6%H20 during structural optimization with
ionic and electronic self-consistent convergence of 10~ and 10 eV, respectively. c-d,
the evolution of the total energy of 2 m LiTFSI-H20 and 2 m LiTFSI-94%PEG-6%H20
during MD simulation at 300 K.
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Supplementary Figure 2 | Snapshots of Li movement in the 2 m LiTFSI-94%PEG-
6%H20 system during structural optimization. The snapshots of Li coordination
environment during structural optimization indicates that after energy calculation and
lattice geometry adjustment, the structure of Li coordination has been stabilized as the
energy converges (e.g. the structures after step 350 are similar). The blue line represents

coordinate bonding.
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Supplementary Figure 3 | Root-mean-square deviation (RMSD) of Li in 2 m
LiTFSI-94%PEG-6%H:0 system during structural optimization. It reveals that
the movement of Li tends to be steady after 350 ionic steps, which is consistent with
the Li coordination environment snapshots (Supplementary Figure 2) showing stable
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Supplementary Figure 4 | Cycling performance of two more repeated LTO/LMO
cells in 2 m LiTFSI-94%PEG-6%H-0 at 1 C. a-b, The voltage profiles of 1%, 200"
and 300" cycle and cycling stability of L-LTO/LMO cell 1 in 2 m LiTFSI-94%PEG-6%
H20 at 1 C. c-d, The voltage profiles of 1%, 200" and 300" cycle and cycling stability
of L-LTO/LMO cell 2 in 2 m LiTFSI-94%PEG-6%H20 at 1 C. The cell capacity was
calculated on the basis of the total weight of positive and negative active materials.



Supplementary Table 1 | Composition and conductivity of fluorine-rich “water-
in-salt” electrolytes for Li-ion batteries

Electrolyte Composition(wt%) Ionic conductivity | Ref.
(mS cm™)

“Water-in-Salt” LiTFSI: 85.8 8.21 (25°C) 1
21 m LiTFSI H,O: 14.2
“Water-in-Bisalt” LiTFSI: 74.2 6.5 (25°C) 2
21 m LiTFSI-7 m LiOTf LiOTf: 13.5

H,0: 12.3
“Water-in-Bisalt” gel LiTFSI: 66.6 N 34
21 m LiTFSI-7 m LiOTf-PVA LiOTf: 12.6

PVA: 10.0

H,0: 10.8
“Hydrate Melt” LiTFSI:56.9 3.0 (30°C) 5
Li(TFSI)o.7(BET)03-2H,O LiBETI:32.9
(19.4 m LiTFSI-8.3 m LiBETI) H»,0:10.2
“Hybrid Aqueous/Nonaqueous” LiTFSI: 81.2 5.0 (30 °C) 6
21 m LiTFSI in H,0-9.25 m LiTFSI | DMC: 9.4
in DMC(wt%=1:1) H>0:9.4
“Monohydrate Melt” LiTFSI: 34.2 0.1(30 °C) 7
Li(PTFSD)o.6(TFSI).4 1H,O LiPTFSI: 60.4
(22.2 m LiTFSI-33.3 m LiPTFSI) H,O:5.4
Li(TFSI)os(MM3411)02:1.4H,0 LiTFSI:72.4 0.33(25°C) 8

31.4 m LiTFSI-7.9 m LiMM3411

LiMM3411:19.6
H2080




Supplementary Table 2 | Comparison of price of PEG and commonly used
fluorinated Li salts in “water-in-salt” electrolytes for Li-ion batteries

Chemical Sigma (USD/g) TCI (USD/g)
LiTFSI 4.2° 1.81°

LiOTf 5.01 2.512
LiBETI N 43.6%

PEG 400 0.04 0.06"

*the price is calculated based on the largest pack size

Supplementary Table 3 | Composition of 2 m LiTFSI-xPEG-(1-x)H20 electrolytes

Electrolytes Solvent (wt%)
PEG 400 | H,O

2mLiTFSI-71P | 71 29

2 m LiTFSI-80P | 80 20

2 m LiTFSI-90P | 90 10

2 m LiTFSI-94P | 94

2 m LiTFSI-100P | 100




Supplementary Discussion I
The total loss of charge based on the CE of each cycle after 300 cycles is:

300
Z (the charge capacity of n™ cycle * (1 — CE of n™ cycle)) = 0.56 mAh
n=1
The loss of Li capacity after 300 cycles is:
The discharge capacity of 1% cycle — the discharge capacity of 300" cycle = 0.09 mAh
The capacity associated with electrolyte decomposition is estimated to be:

0.56 (mAh) — 0.09 (mAh) =0.47 mAh

Even if all of the electrolyte decomposition charge (0.47 mAh) comes from water
splitting (which is unlikely considering potential salt TFSI decomposition'), the mass
fraction of water decomposed per cycle is 0.02 wt%. The detail estimation is shown
below.

The specific capacity of consumed water is:

C
2+ 96485(5) 2978 mah /g
C

= 8
3.6 (mAh) * 18(mol)
The mass of decomposed water after 300 cycles is:

0.47 (mAh)

2978(%Ah)

=1.6x10"* g=0.16 mg

The mass of water decomposed per cycle is:
0.16 (mg)

300 (cycles)
Since the mass of water in electrolyte before cycling is 2.64 mg,
The mass fraction of water decomposed per cycle is:

5.3 x 10~*(mg)
2.64 (mg)

=53%10"* mg

=0.02 wt%



Supplementary movie captions

Supplementary movie 1. Flammability testing of 2 m LiTFSI-94%PEG-6%H>0
electrolyte. The fire of ignited cotton swab was extinguished after being immersed in
the 2 m LiTFSI-94%PEG-6%H20 electrolyte, suggesting the electrolyte is non-
flammable and safe.

Supplementary movie 2. Flammability testing of commercial LiPFs in EC/DEC
electrolyte. The commercial LiPFs in EC/DEC electrolyte started to burn after an
ignited cotton swab was immersed in the electrolyte, indicating the electrolyte is
flammable.

Supplementary movie 3. The comparison of the flammability of 2 m LiTFSI-
94%PEG-6%H:0, 2 m LiTFSI-PEG and 2 m LiTFSI-PEO. 2 m LiTFSI-94%PEG-
6%H20 soaked glass fiber was not ignited, while 2 m LiTFSI-PEG and polymer
electrolyte 2 m LiTFSI-PEO(EO/Li*=11) were both ignited, indicating the that 2 m
LiTFSI-94%PEG-6%H:0 exhibits superior safety compared to 2 m LiTFSI-PEG and
solid PEO polymer electrolyte.
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