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Note 1: Tafel plot and calculation of the exchange current density (i0)

Tafel plot can be obtained by fitting Tafel equation in the overpotential region with kinetic control (-0.05 to 0.05 V 

vs Li+/Li in our case):

𝜂=‒
2.3𝑅𝑇
𝛼𝑛𝐹
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2.3𝑅𝑇
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Where  is the overpotential for Li plating/stripping and i is the corresponding current densit,  is the energy 

transfer coefficient, and i0 is the exchange current density. Fitting the larger overpotential area in the Tafel curve 

to a straight line, the slope of the straight line is 2.3RT/nF, and the intercept of the straight line at  equal to 0 is 

lgi0. 



Figure S1. XPS spectrum of the porous CoP film prepared by electrochemical deposition.

Figure S2. SEM image of the porous CoP film electrode after lithiation, which can still maintain its 
porous structure 

Figure S3. XRD pattern of the porous CoP film after lithiation, which only shows the diffraction 

peaks of Cu substrate, demonstrating the amorphous feature of the lithiation products.



Figure S4. XPS spectra of the porous CoP film electrode after lithiation. (a) C 1s, (b) F 1s, and (c) N 

1s.

Figure S5. TOF-SIMS depth profiles of the C, Li, Co, and P species in the porous CoP film 

electrodes after discharge to 0.01 V (lithiation).

Figure S6. Surface wetting of molten Li on (a) porous CoP film (b) Planer Cu.



Figure S7. The CV curves of planar Cu@Li and CoP@Li anode.

Figure S8. Photograph of the battery undergoing in-situ Li plating measurement.

Figure S9. Voltage-capacity curves of planar Cu and porous CoP film electrode at current density 

of 1 mA cm-2 during the first cycle.



Figure S10. SEM images of Li metal deposited on planer Cu electrode at a current density of 1 mA 

cm-2 with different capacity. (a) 2 mAh cm-2, (b) 5 mAh cm-2, (c) 10 mAh cm-2

Figure S11. SEM image of lithium deposition in the porous CoP host after 50 cycles at the current 
density of 1 mA cm-2 and the capacity of 10 mAh cm-2.

Figure S12. Coulombic efficiencies of Li||Cu half cells using planar Cu and porous CoP film as 

working electrodes with deposition capacity and current density of 5 mA cm-2 and 1 mAh cm-2



Figure S13. Voltage profiles of the planer Cu electrode with the deposition capacity and current 

density of: (a) 2 mAh cm-2 and 1 mA cm-2, (b) 5 mAh cm-2 and 1 mA cm-2.

Figure S14. Cycling performance of the symmetric cells with fixed capacity of 2 mAh cm-2 at the 

current density of 0.5 mA cm-2 of CoP@Li and Cu@Li.

Figure S15. EIS plots of Li||Li symmetric cells before and after different cycles with the current 

density of 1 mA cm-2 and the capacity of 1 mAh cm-2. (a) EIS plots for the CoP@Li||CoP@Li 

symmetric cells; (b) EIS plots for the planar Cu@Li||planer Cu@Li symmetric cells.



Figure S16. Cycling performance of Li metal full cells. (a) The discharge capacity and coulombic 

efficiency vs. cycle numbers of CoP@Li||LFP and Cu@Li||LFP. (b) Voltage profiles of CoP@Li|LFP 

cell at 1 C after different cycles. (c) Voltage profles of the Cu@Li||LFP cell at 5 C after different 

cycles.

Figure S17. SEM images of porous CoP framework after 200 cycles at 1 C in the CoP@Li||LFP cell.

Figure S18. Cycling performance of CoP@Li||LFP and Cu@Li||LFP with a low N/P ratio of 1.5 at 1 
C.



Table S1: Comparison of half-cell electrochemical performance. 

Scaffold
Capacity/mAh cm-2 

and
Current/mA cm-2

Cycle 
numbers

Coulombic 
efficiency References

Cu3N nanoparticles
incorporating styrene 

butadiene              
rubber1 

1, 1 100 97.4% Adv Mater

3D porous Cu
current collector2 

1, 0.5 50 97% Nat Commun

Graphitized
carbon fibers3 

1, 1 50 98% Adv Mater

CuO Nanosheets4 1, 0.5 180 94% Advanced Energy 
Materials

3D Cu@Al host5 2, 0.5 85 98.6% Angew Chem

g-C3N4@Ni foam6 1, 0.5 300 98% Advanced Energy 
Materials

Nanofiber graphene
Aerogel host7 

3, 1 100 98.5% Small

Crumpled graphene 
balls8 

1, 1 50 94% Joule

3D glass fiber cloths9 0.5, 1 65 97% Adv Mater
3D gold-modified Ni 

foam10 

1, 0.5 100 98% Energy Storage 
Mater

3D conductivity and 
lithiophilicity gradients

host11 

2, 0.5 350 97% Nat Commun

2,1 250 98.63%
5,1 80 98.4%

10,1 50 97.92%

     
 This work

1,5 50 95.4%
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