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Detailed descriptions for DFT binding energy analysis:

The difference in lithiophilicity of TNT or Cu was studied by using the binding energy
analysis method based on density functional theory (DFT). In the DMol3 module of
Materials Studio software, we use general gradient approximation (GGA) [3, 4] and the
Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional for first principles
calculations. Double numeric with the polarization (DNP) function is used in the
calculation. The convergence tolerance quality of geometric optimization is set to fine,
the energy is set to 1x10-5 Ha, the maximum force is set to 0.002 Ha A-!, and the
maximum displacement is set to 0.005 A. The TNT model and Cu model are allowed
to interact with Li. The binding energy is calculated by the following equation:

Eprnr-1i= Erotarrnr -1i = Ernr = EL

Epcu-1i= Etotatcu-1i~ Ecu= ELi
where Eprnrni and Epcypi are the binding energies of Li* with TNT and Cu,
respectively, Eiairnt-Li and Eioycu-Li epresent the overall energy of the TNT or Cu

model combined with Li*, Etyy and Ec, represent the energies of TNT and the Cu
model, respectively, and £y ; represents the energy of Li™.
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Figure S1. Isotherm of N, adsorption/desorption on TNT. Inset: pore size

distribution (BJH desorption) of TNT.
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Figure S2. (a-d) SEM images of Cu@TNT electrodes with different TNT
loadings: (a, b) 0.7 mg cm2, (c, d) 2.6 mg cm™2; (e) galvanostatic plating/stripping
cycling performance of Cu@TNT@Li symmetric cells with different TNT loadings

under current density of 3 mA cm in ether-based electrolyte.
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Figure S3. Comparison of the initial Li deposition curves of Cu@TNT and bare

Cu mesh under 1 mA cm™.
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Figure S4. The Nyquist plots of different symmetric cells at different cycles in

(a-c) ether-based electrolyte and (d-f) carbonate-based electrolyte.



Figure S5. SEM image of Cu@TNT@Li electrode after 200 cycles in symmetric

cell

Figure S6. SEM of Cu@TNT after 200 h of plating/stripping cycling at the

stripped state.
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Figure S7. Survey spectra at different etching times or different cycle numbers.
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Figure S8. The C Is spectra of surface SEI on Cu@TNT and bare Cu electrodes
taken after 5 cycles and Ar etching for 0 s, 300 s and 600 s, as well as the spectra

taken after 100 cycles without Ar etching.
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Figure S9. The O 1s spectra of surface SEI on Cu@TNT and bare Cu electrodes
taken after 5 cycles and Ar etching for 0 s, 300 s and 600 s, as well as the spectra

taken after 100 cycles without Ar etching.
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Figure S10. The Li 1s spectra of surface SEI on Cu@TNT and bare Cu
electrodes taken after 5 cycles and Ar etching for 0 s, 300 s and 600 s, as well as the

spectra taken after 100 cycles without Ar etching.
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Figure S11. The full cell test results using carbonate-based electrolyte: (a, b)
cycling stability of different full cells at (a) 0.5 C and (b) 1 C, (c, d) GCD curves of

different full cells at 1 C, (e) rate capability of different full cells.



Table S1 Comparison of full cell cycling stability to other related reported works.

Areal Areal capacity Cycling stability
Anode Electrolyte
capacity of Li of cathode of full cell
1 M TFSI in 91.87% after
Cu@TNT@Li 1.5 mAh cm?
4 mAh cm™ DOL/DME (1:1 vol) 350 cycles at 1
(This work) (LFP)
with 1% LiNO; C
CL- 0.85 and 2.1 1 M TFSI in
90.0% after 150
matrix@Li@Li, 3 mAh cm? mAh cm? DOL/DME (1:1 vol)
cycles at 0.5 C
O[1] (LFP) with 1% LiNO;
95% retention
~30.7mAh  ~3.58 mAh cm- I M TFSI in
TiO,/ZnO/Li [2] after300 cycles
cm? 2 (LFP) DOL/DME (1:1 vol)
at0.5C
1 M TFSI in 83% retention
0.8 mAh cm
Li/DDTC/Cu[3] 2 mAh cm? DOL/DME (1:1 vol)  after 300 cycles
(LFP)
with 2% LiNO; at1C
1 M TFSI in 96% retention
Ag@CMFs-Li 0.68 mAh cm?
6 mAh cm? DOL/DME (1:1 vol) after 250 cycles
(4] (LFP)
with 2% LiNO; at1 C
1 M TFSI in 92% retention
~2.04 mAh cm
H-CM@Li [5] 6 mAh cm? DOL/DME (1:1 vol)  after 275 cycles
2 (LFP)
with 1% LiNO; at1C
1 M TFSI in 88% retention
M-CuO@Cu-Li 0.51 mAh cm?
3 mAh cm? DOL/DME (1:1 vol) after 300 cycles
[6] (LFP)
with 1% LiNO; at1 C




Table S2 Comparison of full cell performances to other energy storage systems.

Full-cell average

System Classification Cycling stability of full cell
plateau
LFP||Cu@TNT@Li Lithium-metal 91.87% after 350 cycles at 1
34V
(This work) battery C
Lithium-metal 92.7% after 600 cycles at 1
LFP||SSBCN [7] 32V
battery C
Potassium-ion 75% after 10000 cycles at
KVPO,F||PTCDI [8] 195V
battery 500 mA g!
Potassium-ion 82.5% after 6500 cycles at
KMnHCEF||PTCDI [9] 135V
battery 1500 mA g'!
Sodium-ion 96.8% retention after 450
T-PBJ|T-FeP [10] 225V
battery cyclesat 1 A g'!
NVP||CMT@Bi-C Sodium-ion 90.3% retention after 700
3.1V
[11] battery cyclesat 1 A g!
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