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Figure S1. The schematic diagram of plating/stripping cycling Cul|Li asymmetric cell.

In the process of initial Li deposition, irreversible loss of Li is inevitable. Lithium loss involves not
only the irreversible reaction between Li and electrolyte to produce by-products, but also the loss

caused by the side reaction between Li and Cu matrix. Lithium loss also depends on the composition,



surface roughness and surface treatment conditions of the matrix. Although some researchers
believe that the solubility of Li in metals such as Cu is very low at room temperature and it will not
be alloyed, the oxides on the surface of Cu may occur conversion reaction with Li, resulting in
irreversible lithium loss. Therefore, in order to eliminate the influence of Cu surface uncertainty on
the Coulombic efficiency of plating/stripping cycles, we carried out a plating/stripping testing
method [1] that is conducive to accurate calculation of Coulombic efficiency for asymmetric cells.
The testing process is shown in Fig. S1. In the figure, Cg represents the initial excess Li deposition
capacity on Cu, which is 8.04 mAh (surface capacity of 4 mAh cm? and electrode area of 2.01 cm?),
Cp represents the single deposition capacity in the process of n times of repeated Li deposition,
which is 2.01 mAh (surface capacity of 1 mAh cm2), Cs, represents the n stripping capacity in
the process of n repeated Li stripping, Ct represents the capacity of complete Li stripping from Cu.
The average Coulombic efficiency (CE,yg) in 20 or 100 cycles can be calculated according to the

following formula: [1, 2]

n
CE 1y = (Z Cp+ CT) / (nCp+Cp)

i=1
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Figure S2. The plating/stripping test results of asymmetric cells using (a, b) bare Cu, (c, d)

DDTC/Cu-4h or (e, f) DDTC/Cu-12h electrode with Li foil for 20 or 100 cycles; (g)

plating/stripping test results of asymmetric cells using DDTC/Cu-8h electrode for 250 cycles.
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Figure S3. The comparison of initial Li plating voltage profiles of asymmetric cells using bare Cu,

DDTC/Cu-4h, DDTC/Cu-8h or DDTC/Cu-12h electrode with Li foil at the current density of 4

mA cm™.



Table S1. The calculated average Coulombic efficiency of asymmetric cells using bare Cu,

DDTC/Cu-4h, DDTC/Cu-8h or DDTC/Cu-12h electrode with Li foil.

Average Coulombic
Electrode efficiency % 20 cycles 100 cycles
Bare Cu foil 93.75 72.23
DDTC/Cu-4h 98.22 93.78
DDTC/Cu-8h 99.23 99.15
DDTC/Cu-12h 98.61 92.67

Plated 1 mAh cm?2

Figure S4. Surface morphology of DDTC/Cu-4h electrode at (a-c) stripped state, (d-f) plating

capacity of 0.1 mAh cm?, and (g-i) plating capacity of 1 mAh cm2 after plating/stripping cycling.



Figure S5. Surface morphology of DDTC/Cu-12h electrode at (a-c) stripped state, (d-f) plating

capacity of 0.1 mAh cm?, and (g-i) plating capacity of 1 mAh cm? after plating/stripping cycling.

(b)  DDTC/Cu-4h

Figure S6. Cross-section SEM of different Cu electrodes.
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Figure S7. The morphology and Young’s modulus distribution of different DDTC surface

modified layers.

Table S2. Electronic conductivity of bare Cu, DDTC/Cu-4h, DDTC/Cu-8h and DDTC/Cu-12h

Electronic
conduct1v1_t1y Test 1 Test 2 Test 3 Average
S cm)
Electrode

Bare Cu foil 5322 5.327 5.316 5.322
DDTC/Cu-4h 5313 5.319 5.307 5313
DDTC/Cu-8h 5.291 5.287 5.286 5.288
DDTC/Cu-12h 4.836 4.817 4.825 4.826
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Figure S8. Nyquist plots of different Cu electrodes immersed in 3% NaCl aqueous solution for 4 h
after modified by DDTC for different times. Inset is the equivalent circuit models of (a) bare Cu

and (b) DDTC modified Cu electrodes.

It is reported that even the modified monolayer without defects cannot completely prevent the
transmission of electrons [3]. In fact, self-assembled monolayers always have molecular micropores
and defects, through which the corrosion reaction takes place [4]. Fig. S5b is the equivalent circuit
used to fit the impedance spectrum of modified electrodes, where, R; is the solution impedance,
R,0n0 18 the resistance of self-assembled monolayer, R, is the charge transfer resistance at electrode
interface, W is the Warburg impedance. Considering the influence of metal surface dispersion
effect, the constant phase angle element (CPE) replaces the film capacitance and electric double-
layer capacitance to fit the impedance data [5-8]. In order to more accurately compare the changes
of interface properties between bare Cu and assembled monolayer electrodes, the capacitance value
can be obtained by the following formula [9]:

C — (YORl —n)l/n



Where R is the film resistance or charge transfer resistance; Y; is the modulus of film capacitance
or electric double layer. The coverage of the self-assembled monolayer can be calculated by the

following formula:

0
Rct
n=[1-—|x100

ct

0
Where Ret and Ret are the charge transfer resistance of bare Cu and modified Cu electrodes,

respectively. The values are derived from impedance testing results, which is presented in Table S2.
R.; and R,,,,, increase and the CPE; and CPE,,,,, decrease while extending the DDTC modification
time from 2 to 12 h. The coverage # increases from 83.1% to 93.0% in 3% NaCl aqueous solution
when the DDTC modification time increases from 2 to 12 h. The coverage at the modification time
of 8 and 12 h are similar (92.9% and 93.0, respectively), illustrating that the DDTC modification on

Cu surface has reached a saturated state after modification for more than 8 h.

Table S3. EIS parameters of different Cu electrodes immersed in 3% NaCl aqueous solution for 4

h after modified by DDTC for different times.

R, (Q Rinono (€ CPE om0 (UF R (Q CPEy4 (WF W (Q!cm? n

t () cm?) cm?) cm?) cm?) cm?) §0-3) (%)

Bare 5.189 / / 154.3 793.2 0.06187 /
2 6.288 109.1 73.76 915.2 193.2 / 83.1
4 10.36 150.6 50.60 1333 136.8 / 88.4
8 9.920 242.6 29.90 2159 92.39 / 92.9

12 14.22 198.2 25.32 2202 94.41 / 93.0
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Figure S9. Galvanostatic charge-discharge curves (a, b) and cycling stability with Coulombic

efficiency (c, d) of full cells assembled using Li/DDTC/Cu-4h or Li/DDTC/Cu-12h electrode with

LFP cathode.
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Figure S10. Surface morphology of different Li-loaded electrodes.
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Figure S11. Comparison of rate capability of LFP||Li/DDTC/Cu-8h and LFP||Li/Cu full cells.



Table S4. Comparison of full cell cycling stability to other reported works involving monolayer

self-assembly.

: . Cycling
Areal capacity  Areal capacity o
Anode i Electrolyte stability of full
of Li of cathode
cell
) 1 M TFSI in 83% retention
Li/DDTC/Cu 0.8 mAh cm-
} 2 mAh cm™ DOL/DME (1:1 vol) after 300
(This work) (LFP) . .
with 2% LiNO; cycles
1 M TFSI in ~30%
) 1.5 mAh cm?2 i
BTA-Cu@Li[10] 3 mAh cm? (LFP) DOL/DME (1:1 vol) retention after
with 2% LiNO; 220 cycles
i 1 M TFSI in 82.5%
OPA-Li- 1.25 mAh cm- )
2.5 mAh cm? DOL/DME (1:1 vol) retention after
CNT[11] 2 (LFP) ) .
with 2% LiNO; 250 cycles
. 1 M TFSI in ~80%
DHP-Li- 2.5 mAh cm™? )
5 mAh cm? DOL/DME (1:1 vol) retention after
CNT[12] (LFP) i .
with 2% LiNO; 350 cycles
1 M LiPFg in
PC:FEC:ethyl 2,2,2-
trifluoroethyl
i 87.7%
Li@EAM 2.0 mAhcm?  carbonate (8:1:1, vol) .
10 mAh cm™ ) retention after
Cu[13] (LCO) with 10 wt%
. 200 cycles
tris(pentafluorophenyl)
borane, 5 wt% LiBF,,
and 0.5 wt% LiNO3
. 50% retention
) ~1.56 mAh 1 M TFSI in
SAHL-Li[14] n/a after 300
cm? (S) DOL/DME (1:1 vol)

cycles
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Figure S12. Comparison of the Nyquist plots of Cu||Li and DDTC/Cu-8h||Li before and after

cycling. (b) is the local amplification of (a).
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Figure S13. XPS survey spectra of Li/Cu, Li/DDTC/Cu-4h, Li/DDTC/Cu-8h and Li/DDTC/Cu-

12h electrodes after cycling.
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Figure S14. Composition of SEI of Li/Cu electrode after cycling: XPS spectra of F 1s, O 1s, C 1s
and S 2p taken after Ar etching for 0 s, 330 s, 660 s and 990 s. (e) The changes of LiF and C-F

content in the F 1s spectrum of the SEI of Li/Cu with etching time.
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Figure S15. Composition of SEI of Li/DDTC/Cu-4h electrode after cycling: XPS spectra of F 1s,
O 1s, C Is and S 2p taken after Ar etching for 0 s, 330 s, 660 s and 990 s. (e) The changes of LiF

and C-F content in the F 1s spectrum of the SEI of Li/DDTC/Cu-4h with etching time.
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Figure S16. Composition of SEI of Li/DDTC/Cu-12h electrode after cycling: XPS spectra of F 1s,

O 1s, C Is and S 2p taken after Ar etching for 0 s, 330 s, 660 s and 990 s. (e) The changes of LiF

and C-F content in the F 1s spectrum of the SEI of Li/DDTC/Cu-12h with etching time.
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Figure S17. XPS survey spectra of Li/Cu, Li/DDTC/Cu-4h, Li/DDTC/Cu-8h and Li/DDTC/Cu-

12h taken after Ar etching for 330 s, 660 s and 990 s, respectively.
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