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Scheme S1. Chemical structures of (a) PEO, (b) TFSI™ and (¢) Con TFSI™ with the

corresponding adopted acronyms, utilized in MD simulations (Tables S1-S2).
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Scheme S2. Synthetic route of the amphiphilic lithium salts.
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Figure S1. 'H NMR of LiC2,TFSI.
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Figure S2. '°C NMR of LiC,,TFSL

I /
| FyC—5-N=5-N !

LiC, ,TFSI

20 10 0 -10

-750 -754 -758 -76.2 -766 -77.0 -774 -778 -782 -786 -79.0 -79.4

d ppm

Figure S3. ’F NMR of LiC2,TFSIL.
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LiC2,TFSI as a white solid (2.4 g, 8.5 mmol, 67% of yield). '"H NMR (300 MHz, acetone-ds,
ppm): & = 3.13-3.20 (m,4H, N-CH>CH3), 1.10-1.15 (m, 6H, N-CH>CH3), '*C NMR (75.5



MHz, acetone-des, ppm): & = 14.10 (N-CH>CH3), 43.40 (N—CH>CH3), '°F NMR (283 MHz,
acetone-ds, ppm): 6 =—78.57 (s, 3F, CF3). ICP: lithiation degree = 87 £ 1 %.
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Figure S4. '"H NMR of LiC33TFSI.
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Figure S5. °C NMR of LiC3 3TFSI.
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Figure S6. "’F NMR of LiC33TFSI.

LiC33TFSI as a white solid (2.0 g, 6.5 mmol, 67% of yield). '"H NMR (300 MHz, acetone-ds,
ppm): 6 = 3.01-3.06 (m, 4H, N—CH>CH>CH3), 1.53-1.65 (m, 4H, N—-CH.CH:CH3), 0.84-
0.89 (m, 6H, N-CH,CH>CH3), *C NMR (75.5 MHz, acetone-de, ppm): & = 11.41
(N—-CH>CH>CH3), 22.50 (N-CH>CH,CHj3), 51.99 (N—CH>CH>CH3), '°F NMR (283 MHz,
acetone-de, ppm): 6 = —78.56 (s, 3F, CF3). ICP: lithiation degree = 84 £ 1 %.
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Figure S7. "H NMR of LiC44TFSI.
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Figure S8. '°C NMR of LiC44TFSL
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Figure S9. "°F NMR of LiC44TFSI.
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LiC44TFSI as a white solid (2.3 g, 6.8 mmol, 47% of yield). '"H NMR (300 MHz, acetone-ds,
ppm): 6 =3.06-3.11 (m, 4H, N-CH>CH>CH>CH3), 1.52-1.62 (m, 4H, N—-CH,CH>CH,CH3),



1.26-1.38 (m, 4H, N-CH,CH,CH>CHj3), 0.88-0.93 (m, 6H N-CH,CH>CH,CH3), '*C NMR

(75.5 MHz, acetone-ds, ppm): 6 = 13.90 (N-CH,CH2CH2CH), 20.53 (N-CH,CH,CH,CH),

31.45 (N-CH,CH>CH,CH3), 49.84 (N-CH,CH,CH>CH3), '°F NMR (283 MHz, acetone-ds,
ppm): 0 =—78.56 (s, 3F, CF3). ICP: lithiation degree = 98 + 1 %.
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Figure S10. 'H NMR of LiCs sTFSL
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Figure S11. 3C NMR of LiCs sTFSL.
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Figure S12. ’F NMR of LiCs sTFSL

LiCssTFSI as a white solid (4.2 g, 11.4 mmol, 83% of yield). '"H NMR (300 MHz, acetone-
ds, ppm): 6 = 3.05-3.10 (m, 4H, N—-CH>CH>CH,CH>CH3), 1.54-1.62 (m, 4H,
N-CH>CH>CH>CH>CH2CH3), 1.26-1.35 (m, 8H, N-CH.CH.CH>CH>CH3), 0.87-0.91 (m,
6H N—CH,CH>CH>CH,CH3), *C NMR (75.5 MHz, acetone-de, ppm): & = 14.07
(N—CH2CH>CH,CH2CH3), 22.85 (N—-CH>CH>CH>CH>CH3), 28.96
(N—CH2CH2CH2CH>CH3), 29.64 (N—-CH2CH>CH>CH>CH>CH3), 50.07
(N—CH>CH,CH>CH>CHj3), (m, J = 324.3 Hz), '°F NMR (283 MHz, acetone-ds, ppm): & =
—78.55 (s, 3F, CF3). ICP: lithiation degree = 91 = 1 %.
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Figure S13. '"H NMR of LiCs¢TFSL
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Figure S14. °C NMR of LiCg¢TFSI.
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Figure S15. '°F NMR of LiCeTFSL

LiCe6TFSI as a white solid (9.5 g, 24 mmol, 67% of yield). "H NMR (300 MHz, acetone-ds,
ppm): & =3.05-3.10 (m, 4H, N-CH>CH,CH,CH>CH>CH3), 1.54-1.63 (m, 4H,



N-CH>CH>;CH>CH>CH>CH3), 1.28-1.35 (m, 12H, N—CH,CH,CH>CH>:CH>CH3), 0.86-0.91
(m, 6H N-CH,CH,CH,CH,CH,CH3), 3C NMR (75.5 MHz, acetone-ds, ppm): & = 13.42
(N—CH2CH>CH>CH>CH>CH3), 22.42 (N—-CH>,CH>CH>CH>CH>CH3), 26.51
(N-CH2CH2CH2CH2CH>CH3), 28.41 (N—CH2CH2CH2CH2CH2CH3), 31.50
(N—CH2CH,CH>CH,CH,CH3), 49.54 (N-CH>CH>CH>CH>CH>CH3), (m, J = 324.3 Hz), I°F
NMR (283 MHz, acetone-ds, ppm): & = —78.44 (s, 3F, CF3). ICP: lithiation degree = 87 +

1 %.
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Figure S16. Thermogravimetric analysis (TGA) of the neat salts and LiTFSI at 10 K min

under argon.
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Figure S17. Differential scanning calorimetry (DSC) thermogram (1 heating scan) of the
amphiphilic salt family and LiTFSI at a rate of 1 K min™! under argon.
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Figure S18. Linear sweep voltammetry (LSV) with 0.1 M of the salts in propylene carbonate
(PC) from the open circuit voltage (OCV) to 6.5 V vs. Li/Li" at I mV s ..
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Figure 19. Melting point pictures for each salt obtained with a heating rate of 1 °C min™"'.
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Figure S20. Raman spectra of neat Li salts (25 °C) and Li salt/PEO SPEs (70 °C) as a
function of Con TFSI™ chain length. The vertical dashed lines indicate the contact-ion pair

(CIP) (black) and dissociated CIP (grey) for LiTFSI.
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Figure S21. RDFs (solid line) and CNs (dashed line) for LiTFSI/PEO and (LiCnn TFSI)/PEO,
SPEs, indicating the Li"-O~ interaction between Li ions and (a) PEO and (b) TFSI™, and
CunTFSI™ ions from MD simulations calculated at 70 °C.
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Cut-off distance of 3 A

Figure S22. Molecular speciation analysis of the Li-ion with a cut-off distance of 3 A. The
different types of ion speciation are represented by different colours: Li™-O peo / Anion-O peo

(green), Li*-PEO-Anion (purple), and Li*-O anion (red).
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Figure S23. Differential Scanning calorimetry (DSC) thermogram (2"¢ heating scan) of
PEO:Li salts 20:1 (lithium salts: LiCy,n TFSI [2,2 ;3,3 ;4,4 ;5,5 ; 6,6] and LiTFSI) at 10 K

min!.
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Figure S24. Long term stability of LiC,,TFSI/PEO and LiCs ¢sTFSI/PEO at 0.4 mA cm 2 at

70 °C.
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Figure S25. Time to plateau plot of LiC2 2 TFSI/PEO under a current density of 0.05 mA

cm 2.
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Figure S27. Time to plateau plot of LiTFSI/PEO under a current density of 0.05 mA cm 2.
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Table S1. Forcefield parameters for PEO (Fig. S16 (a)) including non-bonded parameters;

atomic point charges (g), Lennard-Jones parameters, and bonded parameters used in

GROMACS simulations.!*?

o £ o k, 0o ko
Atom . Bond . . _| Angle kJ mol!

A KkJmol? A k] mol ™ A2 degree

rad >
C —-0.18 420 0276 C-C 1529 2242624 C-C-H 110.7 313.800
H 0.06 250 0.126 C-H 1.090  2845.120 H-C-H 107.8 276.144
0 —-0.40 290 0.586 C-O 1410  2677.760 H-C-O  109.5 292.880
C 0.14 350 0276 C-C-O  109.5 418.400
H 0.03 250 0.126 C-0-C  109.5 502.080
C-C-C 1127 488.273

Dihedral V, (k] mol™) V, (k] mol ™) V3 (k] mol™?) V4 (k] mol™)
C-C-0-C 1.7154 2.8451 1.0460 —5.6066
H-C-C-H 0.6276 1.8828 0.0 -2.5104
H-C-C-O 0.9791 2.9370 0.0 -3.9162
H-C-0-C 1.5899 4.7698 0.0 —6.3597
0-C-C-0 —1.1506 1.1506 0.0 0.0
C-C-C-H 0.6276 1.8828 0.0 -2.5104
C-C-C-0 2.8744 0.5816 2.0920 —5.5480
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Table S2. Forcefield parameters for TFSI(C,,n TSFI) (Fig. S16 (b) and (c)), including non-

bonded parameters, atomic point charges (g), Lennard-Jones parameters, and bonded

parameters used in both GROMACS.!™

ko
() & To kr 90
Atom ) Bond ) . _| Angle kJ mol!
e A KkJmol A KkJmollA™? degre
rad?
F -0.16 3.118 0.25540 | C-F 1.323  3697.0 F-C-F 107.1  781.0
C 0.35 3.500 0.27614 | C-S 1.818 1970.0 F-C-S 111.7  694.0
S 1.02 3.550 1.04600 | N-S 1.570 3137.0 C-S-N 103.5 764.0
0] —-0.53 3.150 0.83736 | O-S 1.437 5331.0 C-S-0 102.6  870.0
N —0.66 3.250 0.71100 | NA-S 1.670 3631.2 N-S-O 113.6  789.0
NA -0.80 3.250 0.71128 | NA-CA 1.449 2820.2 0-S-0 118.5 969.0
CA 0.39 3.500 0.27614 | CA-HA 1.090 2845.1 S-N-S 125.6  671.0
HA -0.06 2.500 0.12552 | CB-HB 1.090 2845.1 N-S-NA 1044 6583
CB -0.18 3.500 0.27614 | CA-CB 1.529 2246.2 O-S-NA 107.0 1004.2
HB 0.06 2.500 0.12552 S-NA-C 120.0 4184
NA-CA(B)-
Li 0.70 2.126  0.07648 109.5 2929
HA
CA-NA-CA 118.0 4184
CA(B)-CA-
109.7 669.4
NA
HA(B)-
CA(B)- 107.8  276.1
HA(B)
CA-CA(B)-
110.7 313.8
HA(B)
CA-CA-
112.7 488.3
CA(B)
Dihedral Vi (k] mol") V, (k] mol™?) V3 (k] mol™?) V4 (k] mol™?)
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F-C-S-N
F-C-S-O

S-N-S-C

S-N-S-O

S-N-S-NA
N-S-NA-CA
0-S-NA-CA
S-NA-CA-HA
CA-NA-CA-HA
CB-CA-NA-S
HA(B)-CA(B)-CA-NA
CA(B)-CA-NA-CA
HA(B)-CA(B)-CA-HA
CA(B)-CA-CA-NA
CA-CA-CA(B)-HA(B)

CA-CA-CA-CA(B)

0.0

0.0

32.773

0.0

0.0

1.037

0.0

1.464

0.0

—3.431

0.971

—8.977

0.628

5.487

0.628

2.929

0.0

0.0

—10.420

0.0

0.0

—1.483

0.0

—1.266

0.0

—3.008

2912

—76.686

1.883

0.027

1.883

—1.464

1.322

1.451

—3.195

—0.015

0.0

1.236

0.0

0.248

0.0

10.598

0.0

—8.611

0.0

0.0

0.0

0.209

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

—4.159

—3.883

94.274

—2.510

—5.515

—2.510

—1.674
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Table S3. Summary of thermal and electrochemical results of the salts, analyzed by

thermogravimetric analysis (TGA) at a heating scan at 10 K min!, by Differential Scanning

calorimetry (DSC) thermogram (1% heating scan) at 10 K min™!, by electrochemical

impedance spectroscopy (EIS) with 1M of the salts in dimethoxymethane (DME), and by

linear sweep voltammetry (LSV) with 0.1 M of the salts in propylene carbonate (PC) from

the open circuit voltage (OCV) to 6.5 V vs. Li/Li" at I mV s ..

T.(T) T,(C) T.(T)/ Entropy
Li Salts 6 5% /I AH, / AH, AH, K mol ) LSV (V)
(C) -1 -1 -1
39 ) (g) @g)  St/s2lss
LiTFSI 340 152/ 44 236/ 46 / 30/26 5.4
LiC, TFSI 328 163 /53 / / 35 4.4
LiC,  TFSI 337 142/ 24 219/ 62 / 18740 4.4
LiC, TFs 330 17213 235/ 57 / 2/39 4.4
LiC, TFsS 338 113/17 207/ 48 / 16 /37 4.4
LiC, TFsSI 323 30/35 129/11 179/39 46/11/34 4.4

Table S4. Raman deconvolution analysis of neat LiTFSI and LiCn 1 TSFI salts based on

Raman spectra at 25 °C.

System CIP-C; (cm™) CIP-C; (cm™) AGG -C; (cm™)
LiC,,TFSI 720.0 0.02 / 752.9 £0.02
LiC33TFSI 729.7 £0.1 / 753.2 0.1
LiC44TFSI 731.3 £0.6 741.1 0.3 748.9 +£0.02
LiCs5TFSI 725.9 0.2 743.8 0.2 755.7x1.4
LiCssTFSI 722.8 0.4 740.7 0.1 752.5 x0.1
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Table S5. Raman deconvolution analysis of LiTFSI(CnnTSFI)/PEO SPEs based on Raman

spectra at 70 °C.

SPE system Raman band 1 (%) Raman band 2 (%) Raman band 3 (%)
LiTFSI/PEO 100.0 3.0 / /

LiC2.TFSI/PEO 38.6 6.3 28.1 35 33.3+143
LiCs3TFSI/PEO 25571 74.6 £5.1 /

LiCs4TFSI/PEO 34151 65.9 +£13.6 /

LiCssTFSI/PEO 52.2 +4.9 47.8 +8.0 /

LiCss TFSI/PEO 64.3 £5.2 35.7 7.6 /

Table S6. Summary of thermal and conductivity results of the electrolytes made of PEO:Li
salts 20:1 (lithium salts: LiC,yTFSI [2,2; 3,3; 4,4; 5,5; 6,6] and LiTFSI), analysed by
thermogravimetric analysis (TGA) at a heating scan at 10 K min!, by Differential Scanning

1

calorimetry (DSC) thermogram (2" heating scan) at 10 K min~!, and by electrochemical

impedance spectroscopy (EIS).

T (T)/ Ototal T - -
SatPEO 201 46 s n (%) B X, 10 (sem ) E:IS @10 (Som )
(T) (T) AH Jg) (%) 070 T At 70 T at 70 €

PEO (Aldrichy 357  -58 67/144 73 / /

LiC, TFSI/PEO 352 30 66/87 59  2.55+0.47 0.43%0.04  1.10 +0.30
LiC, TFSI/PEO 345 32 60/82 57 2.71 +0.24 0.44+0.01  1.19+0.13
LiC, TFSIPEO 340 35 62/85 60 2.22 +0.49 0.48+0.03  1.07 +0.31
LiC, TFSIPEO 347 38 63/80 58 2.25 +0.52 0.48 +£0.02  1.08 0.30

LiC, TFSI/PEO 342 -42  63/87 65 2.30 +0.04 0.52+0.03  1.20+0.09
LiTFSI/PEO 375 38 57/73 49  6.22+0.27 0.21+0.07  1.330.50
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Table S7. Summary of Li diffusion and 7i;" values of PFG NMR and MD simulations at

70 °C.

t|_'+

Li Salt/PEO DLi+ MD anion MD t . MD DLi+ PFG NMR Danion PFG PII:G
i on- % 2 -1 % 2 -1 Lt % 2 -1 % 2 -1
EO:Li 20:1 (10 cm s ) (10 cm s ) (10 cm s ) (10 cm s )  NMR
LIC ,TFSI/PEO 2004075 817114 022002 4.15 8.00 0.34
LIC TFSI/PEO 3424115  838+192 0294002 4.47 6.67 0.40
LiC, TFSI/PEO  225+075  4.05+0.84  0.37+0.05 4.30 6.62 0.39
LIC, TFSI/PEO 2304013  359+049  0.39+0.04 4.27 6.21 0.41
LiC  TFSI/PEC / / 4.11 5.70 0.42
LiTFSI/PEO 2.65+049  11.60+159  0.20%0.03 2.40 12.69 0.16
Table S8. 71" and ionic conductivities obtained by EIS and CA at 40 and 70 °C.
Grotat 1070/ oL 107¢/ Gotat 1074/ oL’ 1074/
. Tu" Tu"
Li Salts EO:Li Scm™! Scem™! Scm™! Scm™!
at 40 °C at 70 °C
at 40 °C at 40 °C at 70 °C at 70 °C

LiTFSI 20:1 0.19£0.02 465+1.8  7.52+327 021007 622£027 1.33£0.50
LiC2,TFSI  20:1 042+0.02 9.60+1.90 4.03+1.90 043+£004 2.55+£047 1.10£0.30
LiC, TFSI 20:1 0.51+0.05 7.16+£0.93 283+0.93 052+0.02 230041 1.20+0.09
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Table S9. Total diffusion given by electrochemical impedance spectroscopy (EIS) and

calculated with the Nernst-Einstein relation at 70 °C.

Li Salt/PEO D et E1° D +EIS D ervor E15

EO:Li 20:1 (10 cm's )at70 T (10 cm's )at70 T (10 cm s )at70 T
LiTFSI/PEO 15.78 3.37 12.41
LiCZYzTFSVPEO 6.86 2.99 3.97

LiCG’GTFSVPEO 7.23 3.77 3.46

Table S10. Comparison between lithium diffusion and lithium-ion conductivity calculated by
two methods: sand method vs. EIS, at 40 °C. 1% column: lithium diffusion calculated from
Sand method and; 2™ column: lithium-ion conductivity calculated from lithium diffusion
using the Nernst-Einstein equation; 3™ column lithium diffusion calculated with the Nernst-
Einstein from the lithium-ion conductivity estimated from electrochemical impedance
spectroscopy (EIS); 4™ column: lithium-ion conductivity estimated from electrochemical

impedance spectroscopy (EIS)

Results derived from Results derived from
Sand method EIS measurements
D D
. Li+ -6 -1 Li+ —6 -1
Li Salt/PEO o 2 4 oi"10 (Scm )at o 2 4 ou"10 (Scm )at
EO:Li 20:1 (10 ems) o< (10 cm s) 0o
at40 <C at40 <C
LiTFSI/PEO 1.85 0.80 0.20 0.88
LiC, TFSI/PEQ 2.46 1.00 1.01 4.12
LiC_ TFSI/PEQ 3.26 1.14 1.07 3.72
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Table S11. Summary of lithium salts properties and their interest in synthesis scalability.

. Gtotal/ (S Synthesis
Li Salts EO:Li Tu' LSV / (V) Scalability References
cm) complexity
8.2x 107
LiTFSI 20:1 0.19 54 Easy Highly [5]
70 °C
0.93 107
LiSTFSI 20.5:1 / Moderate Moderate [6]
60 °C 60 °C
0.83 12x107°
LiMTFSI 36:1 4.5 Moderate Moderate [7]
70 °C 55 °C
0.39 2.5%107°
LiPBSI 20:1 / Easy Moderate [8]
60 °C 60 °C
0.40 1.3x107°
LiPHSI 20:1 / Easy Moderate  [8]
60 °C 60 °C
0.69 3.6x 1074
LiBTFSI 20:1 5.8 Moderate Moderate [9]
70 °C 70 °C
0.64 1.3x107
LiTPBTESI  20:1 5.0 Moderate Moderate [9]
70 °C 70 °C
0.45 2.0x 107
LiDFTFSI 20:1 53 Moderate Poor [10]
70 °C 70 °C
. 0.39-0.52  1.2x107*
LiC TFSI 20:1 4.4 Easy Promising  This work
’ 70 °C 70 °C
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