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Supplementary Fig. 1. Cross-sectional SEM image of the YP-Cu electrode. 

 

 

Supplementary Fig. 2. The EDS element mappings of C, O, Y, and F in the YP-Cu electrode. 

 

 

Supplementary Fig. 3. FTIR spectra of the YP-Cu before cycling. 
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Supplementary Fig. 4. Raman spectra of (a) the PMMA and (b) 2D Raman spectra of YP-Cu anode 

tested at the Raman band of 2951 cm-1 after lithium plating of 2 mAh cm-2 at 1 mA cm-2. 

 

 

 

 

 

Supplementary Fig. 5. XPS spectra of C 1s, Y 3d5/2, and Li 1s for the YP-Cu electrode (a-c) before 

and (d-f) after Li plating. 
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Supplementary Fig. 6. Cryo-TEM images of YP-Cu electrodes at (a) low-resolution and (b) 

enlarged-resolution, (c) corresponding HR-TEM and FFT images (inset), and (d) EDS elemental 

mappings of Y element. 
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Supplementary Fig. 7. Typical discharge curves and in situ XRD patterns of (a, c) bare Li and (b, 

d) YP-Li. In situ synchrotron XRD contour map during Li deposition of (e) bare Li and (f) YP-Li. 

 

 

Supplementary Fig. 8. XRD pattern of Be. 
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Supplementary Fig. 9. XRD patterns of the (a) bare Li and (b) YP-Li after different cycles. 

 

 

 
Supplementary Fig. 10. XRD patterns of the PMMA-Li after different cycles. 

 

 

 

 

Supplementary Fig. 11. Model diagram with all atoms when Y doped to the second layer of Li 

metal. 
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Supplementary Fig. 12. Potentiodynamic polarization curves with YP-Li and bare Li electrodes 

after (a) 1, (b) 20, and (c) 50 cycles. 

 

 

 

Supplementary Fig. 13. Potentiodynamic polarization curves with PMMA-Li electrodes after (a) 

1, (b) 20, and (c) 50 cycles. 

 

 

 
Supplementary Fig. 14. The corresponding local fast Fourier transform images of Fig. 4a. 
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Supplementary Fig. 15. Cryo-TEM image of the bare Cu electrode at (a) high and (b) low 

resolution. 

 

 

 

Supplementary Fig. 16. The 3D views of LiF2
- (for LiF), CH3O-, and C2H2O- (for organic 

components) in the ToF-SIMS sputtered volumes of the (a) bare Cu induced SEI. The corresponding 

ToF-SIMS depth profiles for CH3O-, C2H2O-, LiF2
- in the (b) YP-Cu and (c) bare Cu induced SEI. 
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Supplementary Fig. 17. XPS spectra of (a) C 1s, (b) Li 1s, and (c) Y 3d5/2 for YP-Cu after 1 cycle 

and 20 cycles with 4 mAh cm-2 at 1 mA cm-2. 

 

 

 

 

 

Supplementary Fig. 18. XPS spectra of (a) C 1s, (b) Li 1s, and (c) Y 3d5/2 for bare Cu after 1 cycle 

and 20 cycles with 4 mAh cm-2 at 1 mA cm-2. 
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Supplementary Fig. 19. Young’s modulus of YP-Cu electrode. 

 

 

Supplementary Fig. 20. Stress distribution for (a) YP-Cu and (b) bare Cu electrodes at early stage 

(0 s). 

 

 

 

Supplementary Fig. 21. Nyquist plots at various temperature (a) with and (b) without YP. (c) 

Arrhenius plots with and without YP and the calculated activation energy for Li+ diffusion through 

SEI. 
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Supplementary Fig. 22. Nyquist plots for (a) YP-Cu and (b) bare Cu tested at different cycles. 

 

 

 

 

 

 

Supplementary Fig. 23. Top-view morphology of Li stripping from (a-b) YP-Cu and (c-d) bare Cu 

electrodes at 1 mA cm-2 for 1 mAh cm-2. 
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Supplementary Fig. 24. Top-view morphology of Li stripping from (a-b) YP-Cu and (c-d) bare Cu 

electrodes at 1 mA cm-2 for 4 mAh cm-2. 

 

 

 

 

Supplementary Fig. 25. Top-view morphology of Li stripping from (a-b) YP-Cu and (c-d) bare Cu 

electrodes at 1 mA cm-2 for 10 mAh cm-2. 
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Supplementary Fig. 26. Top-view SEM images of (a, c) YP-Cu and (b, d) bare Cu at the plating 

process after (a-b) 20 and (c-d) 40 cycles with areal capacity of 4 mAh cm-2 at 1 mA cm-2.  

 

 

 

 

 

Supplementary Fig. 27. Top-view morphology of Li stripping from (a-b) YP-Cu and (c-d) bare Cu 

electrodes after 20 cycles at 1 mA cm-2 for 4 mAh cm-2.  
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Supplementary Fig. 28. Top-view morphology of Li stripping from (a-b) YP-Cu and (c-d) bare Cu 

electrodes after 40 cycles at 1 mA cm-2 for 4 mAh cm-2. 

 

 

 

Supplementary Fig. 29. Cross-sectional SEM images of YP-Cu and bare Cu at the plating process 

after (a-b) 20 and (c-d) 40 cycles with areal capacity of 4 mAh cm-2 at 1 mA cm-2.  
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Supplementary Fig. 30. Cycling performance of Li||YP-Cu and Li||Cu asymmetric cells with 8 

mAh cm-2 at 1 mA cm-2. 

 

 

 

Supplementary Fig. 31. Cycling performance of Li||YP-Cu and Li||Cu asymmetric cells with 4 

mAh cm-2 at 2 mA cm-2. 

 

 

 

Supplementary Fig. 32. Voltage profiles of Li||Cu asymmetric cell with 4 mAh cm-2 at 1 mA cm-2. 
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Supplementary Fig. 33. Voltage profiles of (a) Li||YP-Cu and (b) Li||Cu asymmetric cells with 2 

mAh cm-2 at 2 mA cm-2. 

 

 

 

Supplementary Fig. 34. Voltage profiles of YP-Li||YP-Li and Li||Li symmetrical cells at various 

current densities with a fixed capacity of 1 mAh cm-2. 
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Supplementary Fig. 35. Cycling stability of YP-Li||YP-Li and Li||Li symmetrical cells at different 

current density of (a) 1 mA cm-2 and (b) 2 mA cm-2 with an areal capacity of 2 mAh cm-2. 

 

 

 

 

 

Supplementary Fig. 36. The charge-discharge voltage profiles of (a) YP-Li||NCM811 and (b) bare 

Li||NCM811 full cell at 1 C. 
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Supplementary Fig. 37. The comparison performance of of high-energy-density (over 300 Wh kg-

1) Ah-type Li metal pouch cells in published literatures and this work. 

 

 

 

 

 

 

Supplementary Table 1. Total energy for the specific surface in the slab structures. 

 Atom  𝑬𝒕𝒐𝒕𝒂𝒍 (𝒆𝑽/𝒂𝒕𝒐𝒎) 𝑺 (Å𝟐) 𝑬̅𝑺 (𝒎𝒆𝑽/Å𝟐) 

Li (110) 96 -1.8171 136.1426 31.30 

Li (211) 96 -1.7424 227.7913 34.17 

Li (200) 96 -1.7856 195.3471 39.17 

Li95Y (110)1st 96 -1.8511 136.1426 33.48 

Li95Y (211)1st 96 -1.7740 227.7913 36.57 

Li95Y (200)1st 96 -1.8205 195.3471 20.35 

Li95Y (110)2nd 96 -1.8574 136.1426 28.99 

Li95Y (211)2nd 96 -1.7792 227.7913 34.40 

Li95Y (200)2nd 96 -1.8230 195.3471 19.14 
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Supplementary Table 2. The detailed parameters of a high-energy YP-Li||NCM811 pouch cell. 

Cell component Cell parameters Value 

 

 

 
 

 

 

 

Cathode 

 

Materials NCM811 

Number  7 

Active material loading (%) 0.955 

Area weigh (each side, mg/cm2) 30.0 

Area capacity (each side, mAh/cm2) 6 

Electrode length (mm) 56 

Electrode width (mm) 80 

NCM811 Weight (g) 18.82 

The Weight of Al foil (g) 1.05 

The Weight of Al foil + NCM811 (g) 19.87 

 

 
Anode 

Materials YP-Li 

Number  8 

Li thickness (double sides, μm) 100 

Area capacity (each side, mAh/cm2) 10 

N/P ratio 1.67 

Weight (g) 2.32 

Electrolyte 
E/C ratio (g/Ah) 1.98 

Weight (g) 8.32 

Separator Weight (g) 1.36 

Package and lugs  Weight (g) 2.20 

Pouch cell 

Pressure (kPa) 250 

Mid-value voltage (V) 3.8 

Capacity (Ah) 4.2 

Total Weigh (g) 34.07 

 

Energy density (Wh/kg) 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝐴ℎ)  ×  𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)

𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)
 

= 
4.2 𝐴ℎ ×3.8 𝑉

0.03407 (𝑘𝑔)
= 468 
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Supplementary Table 3. Material properties and parameters. 

Physical parameters Symbol Value 

Initial electrolyte concentration C0 1000 mol m-3 

Exchange current density i0 100 A m-2 

Electrolyte diffusion coefficient17 De 1×10-9 m2 s-1 

SEI diffusion coefficient17 DSEI 1×10-11 m2 s-1 

PMMA diffusion coefficient DPMMA 1×10-11 m2 s-1 

Young’s modulus of SEI17 ESEI 3 GPa 

Young’s modulus of PMMA EPMMA 0.8 GPa 

Conductivity of Li σLi 1.07×107 S m-1 

Conductivity of Y σY 1.66×106 S m-1 
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