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Fig. S1. (a) The variation of open circuit potentials (Eocp) for the bare Cu and G-Cu
foils. (b) The negative phase angle Bode plot. (¢) The enlarged and (d) full
Nyquist plots of the cells using bare Cu and G-Cu foils measured at their

respective OCPs in the three-electrode Cu//Li cells with or without a 3-h rest.

Table S1. The fitting values of all elements in the equivalent circuit for the negative



Nyquist plots shown in Fig. S1c-d for the cells without a rest.

Bare Cu G-Cu

Rs (Q?) 0.69 0.48
Rer@oce (€2) 84704 20032
CPE (uF) 21.24 74.61

Angle = 50.33 degrees
Base Width = 1.2474mm

Angle = 9.52 degrees
Base Width = 1.3743mm

Fig. S2. The contact angle measurements for the (a, b) molten lithium at 300°C and (c,

d) the organic electrolyte of 1 M LiTFSI + 2wt.% LiNO; in DOL/DME (1/1

vol.%) on (a, ¢) bare Cu and (b, d) G-Cu foils.
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Fig. S3. The schematic diagram shows that the inorganic particles on the vertically

aligned graphene layers impede the diffusion of solvent molecules to the Cu

substrate for forming organic components in the SEIL

40

30

£ /
Q 201 e o
ilt o
./
7
[ ]
/
[ ]
10 4 o ._.-l—l---ll
. -~
d JJ
| & —a— bare Cu
J —e—G-Cu
0 T T T T
0 20 30 40

Fig. S4. Nyquist plots of bare Cu and G-Cu foils after a CV scan at | mV s™! between

3.0 and 0.2 V (vs. Li*/Li).
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Fig. S5 Nyquist plots of the lithium deposits stripped for 15 min on (a) bare Cu and (b)

G-Cu, measured at 0.02 and 0.05 V (vs. Li*/Li) under a three-electrode mode.
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Fig. S6. SEM (a, b) regular and (c, d) enlarged top-view images for the lithium deposits

electroplated at 1 mA cm™ with an area capacity of 1 mAh cm= after the GCD

test for 80 cycles on (a, ¢) bare and (b, d) G-Cu.
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Fig. S7. (a, b) N1s and (c, d) F1s XPS spectra of the SEI layers on (a, ¢) bare Cu and

(b, d) G-Cu after 20" GCD cycle at the fully discharged state in ZELMBs.
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Fig. S8. GCD voltage profiles of the Li@Cu//LFP LMBs utilizing (a) bare Cu and (b)



Li@Cu N1s Li@G-Cu N1s

LiNo, LN

NOy NO,

——————————1——
410 408 406 404 402 400 398 306 304 302 410 408 406 404 402 400 398 396 394 392

(©) (d)

Li@Cu Fis Li@G-Cu Fis

Li,CF,

Li,CF,

o s it
692 690 688 686 684 662 680 692 690 688 686 684 682 680
Binding Energy (eV) Binding Energy (eV)

Fig. S9. (a, b) N1s and (c, d) F1s XPS spectra of the SEI adhered to the metallic lithium

reservoir on (a, ¢) Li@Cu and (b, d) Li@G-Cu after the 20th GCD cycle in the

LMBs with N/P=1.



