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Supplementary Figure 1 | Instability of high areal capacity lithium deposition in carbonate 

electrolyte. a-b, SEM images of deposited Li on Cu substrate. c, Galvanostatic lithium 

stripping/plating profiles for Li||Cu electrochemical cells. The electrolyte is 1M LiPF6 in 

ethylene carbonate (EC)/dimethyl carbonate (DMC) (1:1 by volume). The current density is 1mA 

cm-2.  
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Supplementary Figure 2 | Size distributions of grain diameter of deposited lithium metal on 

Cu substrate. Grain diameter of deposited lithium with areal capacity of a, 2 mAh cm-2, b, 5 

mAh cm-2, c, 10 mAh cm-2, d, 20 mAh cm-2. 
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Supplementary Figure 3 | XRD patterns of deposited lithium on Cu foil with different 

capacities. Black line is the standard XRD pattern of Li. 

 

Supplementary Table 1 | Relative intensity of various crystal facets calculated through 

XRD patterns. 

 Relative intensity (%) 

 (110)  (200) (211) 

Li foil 1.00 (12.9%) 6.73 (87.1%) -- 

5 mAh Li deposited 1.00 (88.3%) 0.061 (6.4%) 0.071 (6.3%) 

10 mAh Li deposited 1.00 (90.4%) 0.027 (2.4%) 0.079 (7.1%) 

20 mAh Li deposited 1.00 (91.2%) 0.025 (2.3%) 0.072 (6.6%) 
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Supplementary Figure 4 | Structure and morphology evolutions of lithium metal achieved 

from Cu|| LFP anode free batteries. a, Charge profiles of the batteries at the current density of 

1mA cm-2. Inset, SEM image of Li obtained from marked blue point. b, XRD pattern of lithium 

derived for LFP. Black line is the standard XRD patterns of Li. 

 

 

Supplementary Figure 5 | IV curves of symmetric Li batteries with (200)Li and (110)Li 

electrode. The sweep rate is 2 mV s-1 with the voltage range from -50 mV to 50 mV. 

Note: The exchange current density was calculated through fitting the linear region of Tafel plots 

(from 50 mV to 30 mV, and -50mV to -30 mV). Tafel plots were obtained by Logarithm current 

density of I-V curves. 
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Supplementary Figure 6 | XRD patterns of lithium metal during stripping and plating 

process.  
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Supplementary Figure 7 | Double-layer capacitance measurements of electrochemical 

Li||Cu cells. Cyclic voltammograms of non-Faradaic region at different scan rate. a, (200)Li||Cu 

and b, (110)Li||Cu electrochemical cells. c, The cathodic/anodic currents and linear fit with scan 

rate.  

Note: Double-layer capacitance is obtained through CV measurement in the voltage range where 

no apparent Faradaic processes take place.1 In our experiment, the voltage range is 0.1 V 

centered at the open-circuit voltage (OCV). 
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Supplementary Figure 8 | Coulombic efficiencies (CEs) of Li||3-D Cu foam electrochemical 

cells with different plating capacity. a, 2 mAh cm-2, b, 20 mAh cm-2. The current density of 

lithium stripping/plating is 1mA cm-2. 
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Supplementary Figure 9 | Morphology of lithium stripping and plating at extremely high 

areal capacity (50 mAh cm-2). a-c, SEM images of deposited Li on Cu substrate. d, Average 

size distribution of deposited Li. e-f, Morphology of dead lithium on Cu after stripping process. 

 

Note: When the deposited capacity of lithium increases to 50 mAh cm-2, the surface of deposited 

lithium is not as dense as at 20 mAh cm-2. The central parts of deposited lithium are relative 

compact with average grain size of 8.6 μm. Edge effects become very obvious with emerging of 

wire-like Li due to uneven pressure inside the coin cells. On charging (stripping) process, parts 

of lithium are irreversible. We conclude that the reduction in CE during further cycles for very 

thick films is due to the physical “orphaning” of Li at these thicknesses, which is also confirmed 

by the shaking CE under high plating capacity (Supplementary Figure 10f). 
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Supplementary Figure 10 | Coulombic efficiencies (CEs) of Li||Cu electrochemical cells with 

different plating capacity. a, 0.4 mAh cm-2, b, 1 mAh cm-2, c, 2 mAh cm-2, d, 10 mAh cm-2, e, 

20 mAh cm-2, and f, 50 mAh cm-2. The current density of lithium stripping/plating is 1mA cm-2. 
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Supplementary Figure 11 | Extend applications of higher CEs with increasing plating 

capacity of lithium in carbonate electrolytes. Galvanostatic lithium stripping/plating profiles 

for Li||Cu electrochemical cells. a, First cycle, b, Second cycle, c, 10th cycle. Corresponding 

long-term CEs of Li||Cu electrochemical cells with plating capacity of d, 0.5 mAh cm-2 and e, 5 

mAh cm-2. The current density for lithium stripping/plating is 0.5 mA cm-2. The electrolyte is 

10m LiFSI in DMC. 
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Supplementary Table 2 | Comparisons of electrochemical Li||Cu cells with state-of-the-art 

electrolyte 

Electrolytes Current density / areal capacity 

(average CE) 

Accumulated 

capacity 

(Stripping 

+plating) 

Ref 

1.3 m LiTFSI + ~0.04 m 

LiNO3 / SL-HFE  

0.5 mA cm-2 / 1 mAh cm-2 (99.0%) ~0.32 Ah cm-2 2 

10 M LiFSI / DMC 

10 M LiFSI / EC-DMC 

0.2 mA cm-2 / 1 mAh cm-2 (99.2%) 

0.2 mA cm-2 / 1 mAh cm-2 (99.3%) 

~0.4 Ah cm-2 

~0.5 Ah cm-2 

3 

LiFSI / TEP 1: 1.5 (molar 

ratio)  

0.2 mA cm-2 / 1 mAh cm-2 (99.3%) ~0.7 Ah cm-2 4 

1.2 M LiFSI / DMC-BTFE  

(1:2 molar ratio) 

0.5 mA cm-2 / 1 mAh cm-2 (99.0%) 

5 mAh cm-2 Aurbach method (99.5%) 

~0.4 Ah cm-2 

~0.04 Ah cm-2 

5 

1.2 M LiFSI/ TEP-BTFE  

(1:3 molar ratio) 

5 mAh cm-2 
Aurbach method (99.2%) ~0.04 Ah cm-2 6 

1 M LiFSI/ DME-TFEO  

(1:3 molar ratio) 

5 mAh cm-2 
Aurbach method (99.5%) ~0.04 Ah cm-2 7 

1 M LiFSI / FDMB  0.25 mA cm-2/0.5 mAh cm-2 (99.2%) 

5 mAh cm-2 
Aurbach method (99.52%) 

~0.6 Ah cm-2 

~0.04 Ah cm-2 

8 

1.3 M LiFSI + 0.3M THF/ 

FM-CO2 (19:1 Weight ratio) 

0.5 mA cm-2 / 0.5 mAh cm-2 (99.6%) 

 

~0.5 Ah cm-2 
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1.2 M LiFSI + 1M AN/ FM 3 mA cm-2 / 3 mAh cm-2 (99.4%) ~1.2 Ah cm-2 10 

0.5 M LiNO3 + 2M LiFSI 

/DOL 

1 mA cm-2 / 20 mAh cm-2 (99.33%) ~1.8 Ah cm-2 This 

work 

 

 



13 

 

Supplementary Figure 12 | Lithium consumption rate at various current density. The 

current density of lithium stripping/plating is a, 0.5mA cm-2, b, 2 mA cm-2 and c, 5 mA cm-2. The 

plating capacity is 1 mAh cm-2. 

 

 

Supplementary Figure 13 | Li-S batteries with low areal capacity sulfur cathode and thin Li 

anode (50μm). a, Discharge/charge profiles and b, corresponding cycling performance with 

Coulombic efficiency. The current density for charge/discharge is 0.2 mA cm-2. 
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Supplementary Figure 14 | Li-S batteries with high areal capacity sulfur cathode and thin 

Li anode. a, b Cycling performance with Coulombic efficiency. This thickness of lithium is 50 

μm for a, and 100 μm for b. The current density for charge/discharge is 0.5 mA cm-2. 
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Supplementary Figure 15 | Anode-free Cu||LFP battery application. Initial charge/discharge 

profiles with designed areal capacity of a, 2 mAh cm-2, b, 10 mAh cm-2, and c, 20 mAh cm-2. d, 

Capacity retention with operation time (Time of discharge + time of charge) or discharge time. e, 

Coulombic efficiency with cycle number. f, charge capacity retention with cycle number. The 

current density for charge and discharge is 0.5 mA cm-2.  

Note: The initial CE of Cu||LFP anode-free batteries increases with the increasing of areal 

capacity, confirming the higher Li reversibility at higher areal capacity. It should be mentioned 

that both DOL and LiFSI are not high voltage stable components, thus the CE is lower than 90% 

even for LFP with high mass loading. 
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Supplementary Figure 16 | Cu||LFP battery applications with controlled discharge capacity. 

a-c, Charge/discharge profiles with designed theoretical areal capacity of a, 2 mAh cm-2, b, 10 

mAh cm-2, and c, 20 mAh cm-2 and practically controlled discharge capacity of a, 1.3 mAh cm-2, 

b, 7.5 mAh cm-2, and c, 15 mAh cm-2. d, Capacity retention with operation time (Time of 

discharge + time of charge) or discharge time. e, Coulombic efficiency with cycle number. f, 

Charge capacity retention with cycle number. The current density for charge and discharge is 0.5 

mA cm-2. 

Note: Cu||LFP batteries with controlled discharge capacity are further designed to improve the 

long-term stability. LFP with same designed areal capacity of 2 mAh cm-2, 10 mAh cm-2, and 20 

mAh cm-2 are used to assemble Cu||LFP batteries. The initial charge profiles are equal to 

Supplementary Figure 15. For the following discharge step, the process is stopped when the 

capacity reaches ~85% of theoretical capacity or the voltage decreases to 3.0 V. With small 
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portion of lithium remained on Cu, the cycling life are further prolonged with capacity retention 

over 80% after 700 hours. 

 

Supplementary Figure 17 | Pore size distributions of SEI on Cu substrate after removing 

deposited lithium (20 mAh cm-2). 

 

 

Supplementary Figure 18 | ATR-FTIR spectra of solid electrolyte interphase (SEI). a, 

insoluble SEI formed on Cu foil. b, Dynamic SEI capture by testing the separator after cycling. 

Note: The disappearing of C-H vibration in left figure indicates the insoluble SEI on Cu is 

majorly inorganic compounds. In comparison, the soluble SEI can be found in the cycled 

electrolyte according to the new emerging peak of C-O stretch vibration. 
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Supplementary Figure 19 | Effect of SEI on the reversibility of lithium anode. a, Initial 

lithium stripping/plating profiles and b, Coulombic efficiencies of Li||Cu electrochemical cells. 

The electrolyte in a, b is 0.5M LiNO3 + 2M LiFSI in DOL. c, Lithium stripping/plating profiles 

with SEI protection and d, Coulombic efficiencies comparisons of  Li||Cu electrochemical cells 

with or without the protection of SEI. The electrolyte in c, d is 1M LiPF6 in EC/DMC. 
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