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Calculation of Coulombic efficiency (CE): The method used to measure CE of the lithium metal anode 

follows our previous papers.1,2 The Li-CNT composite anode was paired with a highly reversible cathode, in 

this case a commercial LiFePO4 cathode, for the estimation of CE. If the irreversible capacity loss of the LFP 

electrode during the cycling is ignored, and assume that all the capacity from the lithium anode have been 

consumed at the plunge point in the cycling curve, then the CE of the anode can be estimated from the initial 

capacity and the cycle number, as shown in the following equation:

CE=(Ccathode-Ctotal/n)/ Ccathode

Where Ctotal is the total capacity of the cathode and anode, Ccathode is the cathode capacity, n is the cycle 

number at which the cycling curve starts to plunge.

For example, as shown in Figure 4e, the initial cell capacity of 3.75 mAh/cm2 (anode: 2.5 mAh/cm2, 

cathode: 1.25 mAh/cm2), and the capacity retention curve of the OPA-Li-CNT||LFP cell cycled at 1C starts 

to plunge at around 250 cycles, so the CE of OPA-Li-CNT can be estimated to be 98.8%. 
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Figure S1. (a, b) Scanning electron micrograph (SEM) and (c) histogram of diameter distribution of the 

Li-CNT particles; (d) SEM, (e) phosphorus elemental mapping, and (f) histogram of diameter distribution of 

the OPA-Li-CNT. 

Figure S2. XPS spectra of Li-CNT: (a) Li 1s spectrum, (b) P 2p spectrum, (c) C 1s spectrum, and (d) O 1s 

spectrum; and XPS spectra of OPA-Li-CNT: (e) Li 1s spectrum, (f) P 2p spectrum, (g) C 1s spectrum, and 

(h) O 1s spectrum.



Figure S3. XRD of (a) Li-CNT, (b) PA-Li-CNT, and (c) OPA-Li-CNT before and after 1 hr exposure to dry 

air.

Figure S4. SEM micrographs of pristine (a) Li-CNT, (b) PA-Li-CNT, and (c) OPA-Li-CNT and after 1 hr 

exposure to dry air (d) Li-CNT, (e) PA-Li-CNT, and (f) OPA-Li-CNT



Figure S5. XPS spectra of pristine and dry air (dew point: -40 ℃) exposed samples: (a) Li Foil, (b) OPA-Li 
Foil 

Figure S6. XPS spectra of Li-CNT and OPA-Li-CNT materials before and after slurry coating: (a) Li-CNT, 

(b) OPA-Li-CNT 

Figure S7. SEM on the cross section of the OPA-Li-CNT electrode



Figure S8. Overpotential of different anodes at different Li stripping/plating cycles. (a) the 1st cycle, (b) the 

100th cycle, (c) the 200th cycle. 

Figure S9. Nyquist plots of (a) Li foil||Li foil, (b) Li-CNT||Li-CNT and (c) OPA-Li-CNT||OPA-Li-CNT 

cells measured at different stripping/platting cycles.

Figure S10. Nyquist plots of (a) Li-CNT||Li-CNT and (b) OPA-Li-CNT||OPA-Li-CNT cells measured at 

different storage time



Figure S11. SEM images of Li foil (a), Li-CNT (b), OPA-Li-CNT (c), before cycle, and Li foil (d), Li-CNT 

(e), OPA-Li-CNT (f) after 200 cycles; at current density of 3 mA/cm2, capacity density is 0.5 mAh/cm2.  

Figure S12. Photo and schematic illustration of the XPS sample transfer chamber
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Safety statement 

Li-CNT particles spontaneously react with dry or moist air, and thus must be handled with care in Ar 

atmosphere. OPA-Li-CNT can be processed in dry and moist air. Waste Li-CNT and OPA-Li-CNT materials 

need to be slowly oxidized under controlled conditions before disposed as chemical wastes. 


