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Figure S1. MD simulation of solvation sheath. a) Snapshot of the simulation box, b)
RDFs of cation-anion [Li*-O(Li*/TFSI")] with or without ILF, c,d) CN of cation-anion
[Li*-O(Li*/TFSI')] with or without ILF.

Free TFSI’
73.3%

Intensity

CIP (Li*-TFSI)
26.7%

Free DOL

Raman shift (cm™)

Figure S2. Raman spectra of TFSI- with Cu foil.
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Figure S3. FTIR spectra of TFSI- bond in different samples (with or without M-Ni).
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Figure S4. a-¢) SEM images of Cu@Ni foils with various M-Ni-layer thickness. f)
Cross-section of nickel coated copper foil. g) EDS mapping and spectrum of the current

collector with M-Ni.
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Figure S5. The quantitative data for the strength of magnetic field from M-Ni. (a)

Anode side, (b) Cathode side.
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Figure S6. Raman spectra of TFSI- with various M-Ni-layer thickness.
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Figure S7. Electrochemical impedance spectra (EIS) and Impedance comparison of M-
Ni-layer with various magnetic flux densities (0.1pum-5mT, 0.5um-8mT, 1pm-10mT,

2um-13mT, 3um-15mT).
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Figure S8. Average coulombic efficiency of Li|Cu cells with different M-Ni-layer

thickness.



Figure S9. Lithium deposition morphologies with different M-Ni-layer thickness and
magnetic flux densities (0.1um-5mT, 0.5pum-8mT, 1pm-10mT, 2pm-13mT, 3pm-

15mT).
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Figure S10. In-situ Raman spectra of TFSI- during cycles without M-Ni, and In-situ

Raman curves during charging discharging cycles with without M-Ni.
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Figure S11. Schematic diagram of sample preparation and testing process for Cryo-

TEM characterization.

Figure S12. a) High-resolution Cryo-TEM images of the OSS-SEI (Scale bar: 10 nm).

Cryo-TEM images of b) Ni-SEI and ¢) MRIP-SEI after charge/discharge cycles (Scale

bar: 50 nm).
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Figure S13. Cryo-EM images of magnification revealing lattice fringes corresponding

to LiF (111), LiF (200), Li,S (200), and Li,O (111) in MRIP-SEI (Scale bar: 1 nm).

LiF (200)

Figure S14. Cryo-EM images and inverse FFT images of magnification revealing
lattice fringes corresponding to LiF (111), LiF (200), Li,S (200), and Li,O (111) in

MRIP-SEI after cycling tests (Scale bar: 1 nm).
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Figure S15. a-c) XPS spectra of F 1s of a) MRIP-SEI, b) Ni-SEI, and c¢) Cu-SEI d-f)
XPS spectra of N 1s of d) MRIP-SEI, e) Ni-SEI, and f) Cu-SEI. g) XPS spectra of O 1s

of Cu-SEI.
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Figure S16. XPS spectra of MRIP-SEI (using M-Ni) after charge-discharge cycling

test.
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Figure S17. TOF-SIMS 3D distribution of Ni-SEI.
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Figure S18. TOF-SIMS 3D distribution of Cu-SEIL
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Figure S19. Single-color gradient maps of LiF,-, LiCOs5", LiS-, and LiO- of Cu-SEL
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Figure S20. EIS data of MRIP-SEI, Inorganic-SEI, and Organic-SEI (Cu-SEI).
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Figure S21. a) Electrochemical impedance spectra (EIS) after the generation of SEI
with Cu at seven different temperatures (30, 35, 40, 45, 50, 55, 60 °C). b) Impedance
of SEI on Cu foils. ¢) The activation energy for ion diffusion in Cu-SEI layer. d) Tafel

plots and corresponding exchange current of Cu-SEI.
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Figure S22. a) AFM images of the Cu current collector’s surfaces. b) DMT modulus

distribution of Cu-SEI.



Figure S23. Lithium deposition morphologies on Cu current collector (with Cu-SEI).

Figure S24. Lithium deposition morphologies on M-Ni after cycling tests (with MRIP-

SEI).



Figure S25. Phase field evolution of a) non-uniform nucleation and lithium deposition

b) uniform nucleation and lithium deposition (Simulation of

(Simulation of Ni-SEI),

MRIP-SEI).



ure S26. Concentration field evolution of a) non-uniform nucleation and lithium

Fig

deposition (Simulation of Ni-SEI), b) uniform nucleation and lithium deposition

(Simulation of MRIP-SEI).



Figure S27. Potential field evolution of a) non-uniform nucleation and lithium

deposition (Simulation of Ni-SEI), b) uniform nucleation and lithium deposition

(Simulation of MRIP-SEI).
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Figure S28. Cycling performance of Li|Li symmetrical cells at 2 mA cm2 with Cu-SEL
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Figure S29. Cycle performance of Li|Cu cells at 0.5 mA cm? with Cu-SEI, and

Aurbach average CE of Li|Cu cells at 2 mA cm™ with Cu-SEI.
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Figure S30. Cycle performance and charging/discharging curves of Li|Cu cell at 1 mA

cm? with MRIP-SEI (M-Ni).
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Figure S31. Charging/discharging curves of Cu@Li|LFP full cells at 0.5 C (N/P~0.8).
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Figure S32. Cycling performance of Cu@Li|LFP full cells at 0.5 C (N/P~0.8) with Cu-

SEL

Figure S33. Performance comparison of LFP full cells with published literature.
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Figure S34. Cycling performance of anode-free Cu|LFP full cells at 0.3 C (N/P=0) with

Cu-SEL
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Figure S35. Charging/discharging curves of Cu|LFP full cells at 0.3 C (N/P=0).
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Figure S36. a) In-situ Raman curves on the cathode side during charging/discharging
cycles with M-Ni. b) In-situ Raman spectra of Li*-TFSI- during cycles with M-Ni. c)
Raman spectra of TFSI- near cathode side with and without M-Ni. d) In-situ Raman

spectra of DOL during cycles with M-Ni.
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Figure S37. (a) In-situ Raman spectra of anions-cations in LHCEE during cycles with
M-Ni. (b) Raman spectra of anions near cathode side in LHCEE with and without M-

Ni.
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Figure S38. XPS spectra (Li 1s) of MRIP-CEI (M-Ni) after formation process.

Figure S39. Cryo-TEM images of CEI morphology with M-Ni (MRIP-CEI) after the

charge-discharge cycling test.

MRIP-CEI F 1s
After cycles
Z
|| LiF
E . 1
[
[
A _k_
695 6% 685 680 675
Binding energy (ev)

Figure S40. XPS spectra (F 1s) of MRIP-CEI (M-Ni) after the charge-discharge cycling

test.
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Figure S41. LSV curves with/without MRIP-CEI (M-Ni).
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Figure S42. The schematic diagram illustrating the role of BTFE and its synergistic

optimization of the cathode-electrolyte interface environment with M-Ni. (BTFE can

be used as a diluent or inert solvent to increase the aggregation of solvated structures

on the electrode surface in both the experimental and control cases. On this basis, the

proposed helical migration strategy is employed to transform the ordinary solvation

structures into HCMASS under the influence of M-Ni, thereby forming MRIP-CEI to

improve high-voltage performance.)
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Figure S43. Cycling performance of GrfNCM&811 pouch cell with MRIP-CEI at 0.5 C.
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Figure S44. Cycling performance of CuNCM&811 full cells at 0.5 C with Cu-SEI (2.8-

43 V).
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Figure S45. Charging/discharging curves of CuNCMS811 full cells at 0.5 C (2.8-4.3

V).



Table S1 | Lattice information of different SEI inorganic species.

Species 2-Theta d (A) 1() (hkl Theta 1/(2d) 2pi/d
LiF 38.713 2.324 90 (111 19357 02151 2.7036
LiF 44.996 2.013 100 (200) 22498  0.2484  3.1213
Li,O 33.613 2.664 100 (111) 16.807 0.1877  2.3586
Li,S 31.24 2.8608 20 (200) 15.62 0.1748  2.1963
Li;N 51.191 1.783 90 (110) 25595 0.2804  3.5239




Table S2 | Performances of Li | Cu half cells.

I (mA cmr .
Ref Electrolyte System ( 2) Cycle time | CE (%)
Nat. Energy’ IM LiTFSI-DEE:SFE NGPE 0.5 200 99.4
Nat. Mater.? IM LiPF4-EC/DEC Sn(Oct), 0.5 200 96
IM LiTESI-DME/DOL
Nat. Commun.? DF-PEG-DF 1 180 98.5
(1:1)-2% LiNO;
Nat. Commun.* 1.2M LPF-DFEA DFEA 0.5 300 98.0
Nat. Commun.” 1.2m BMC+ BMC 0.5 125 99.3
Nat. Commun.® | IM LiPF6-EC/DMC/EMC | MADE-3 0.5 250 99.3
IM LiTFSI-DME/DOL
Sci. Adv.” ) ED-Li 0.5 110 96
(1:1)-5% LiNO;
LiDFOB (0.6 M) and LiBF,4
Nat. Commun.$ YF; 1 250 99.19
(0.6 M) in FEC and DEC
IM LiTFSI-DME/DOL
Nat. Commun.’ 3D PI-clad 0.5 150 99
(1:1)-1% LiNO;
IM LiPF4-EC/DMC/DEC-
Sci. Adv.1? Ag/Li 0.1 100 94.6
FEC
IM LiTESI-DME/DOL
Sei. Adv.!! Ag@CMF 1 120 98
(1:1)-1% LiNO;
IM LiTESI-DME/DOL
Sci. Adv.”? NMMF-Cu 1 200 98.5
(1:1)-1% LiNO;
Adv. Energy
IM LiTESI-DME/DOL b-Cu 0.5 100 89.66
Mater.’3
Energy Storage )
IM LiPF¢-EC/DEC Cu(NOs), 0.5 50 90
Mater.'
Nano Energy’’ IM LiPF4FEC/DMC DEP 1 150 99.3
IM LiTFSI-DME/DOL
Angew. Chem.'0 TEG-Cu 1 250 99.3
(8:2)-3% LiNO;
IM LiTFSI-DOL/DME
This work HCMASS 1/0.5 1400/500 ~98.6/98.9/99.9

(1:1)-1%LiNO;




Table S3 | Performances of LFP full cells.

N/P ) Capacit
Ref Electrolyte System . | Cycle time p );
ratio retention (%)
1 M LiFSI DEE and
Nat. Energy'’ SPAN 1 50 76
DOL/DME
Adv. Mater.$ 1 M LiFSI DOL/DME (1:1) CMP-Li 2.5 150 80
Adv. Funct. IM LiTFSI-DOL/DME Li/SF-
) 1.4 300 67
Mater.”? (1:1)-2%LiNO3 CuNW|LFP
IM LiTFSI-DME/DOL
Adv. Mater.?’ . Cu(220) 2.67 450 81.1
(1:1)-2% LiNO;
IM LiTFSI-DME/DOL
Sci. Adv.?! ) Li-Ag 5 500 80
(1:1)-1% LiNO;
Energy Storage IM LiTFSI-DME/DOL
LiF/Li,Mg, layer| 5.9 450 91.2
Mater.?? (1:1)-2% LiNO3 ’
Adv. Funct. LiTFSI-MPEGMA -
FELMA 2.17 320 80
Mater.? PFEMA-PUMA
IM LiTFSI-DME/DOL
Angew. Chem.? ) TPMS 3 500 13
(1:1)-1% LiNO;
IM LiTFSI-DME/DOL
Small? PPY 1.5 20 50
(1:1)-2% LiNO;
Energy Storage IM LiTFSI-DME/DOL
FGLi 1.7 200 67
Mater.? (1:1)-1% LiNOs
Adv. Funct. IM LiTFSI-DME/DOL
Ag@CNF 2 300 90
Mater.”’ (1:1)-1% LiNOs
IM LiTFSI-DME/DOL
Adv. Energy Mater. ) LZ-rGO 1.2 80 >90
(1:1)-2% LiNOs
IM LiTFSI-DME/DOL
Nat. Commun®® ZDDP 14.1 370 81.9
(1:1)-2% LiNO;
Nat. Commun®’ Ether-based electrolyte DDE-PN 3 300 84
IM LiTFSI-DOL/DME
This work HCMASS 0.8 1000 >80%

(1:1)-1%LiNO;
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