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Table S1. The Zeta potential and average size of TpTt dispersion before and after 

LiTFSI addition. 

TpTt Dispersion Zeta Potential (mV) Average Size (nm) 

Before LiTFSI Addition –34.5 774 

After LiTFSI Addition –2.1 1123 

Note: LiTFSI is lithium bis(trifluoromethane)sulfonamide. 

 

Table S2. The electrochemical parameters of symmetric batteries with and without 

TpTt protecting layer, and lithium transfer number calculated from potentiostatic direct 

current (DC) polarization and alternating current (AC) impedance spectra. 

 R0 (Ω) Rs (Ω) I0 (mA) Is (mA) 𝑡Li+ 

PP 98.88 101.78 0.0932 0.0842 0.55 

TpTt@PP 65.76 62.33 0.0838 0.0748 0.84 

Note: PP is polypropylene. R0 and Rs refer to the interfacial resistance before and after 

AC impedance. I0 and Is represent the current value in initial and steady state under a 

polarization potential of 10 mV in DC process. 𝑡Li+ is the lithium transfer number, and 

the value is calculated as follows. 

     𝑡Li+ =
𝐼s(∆𝑉−𝐼0𝑅0)

𝐼0(∆𝑉−𝐼s𝑅s)
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Table S3. The comparison of the symmetric Li–Li cells for different modifications at a 

current density of 0.5 mA cm–2 and capacity of 0.5 mAh cm–2. 

Cycling 

time (h) 

Voltage 

(mV) 
Modifications References 

350 38 Magnetic field treated Li sheets [S1] 

400 30 HIO3 chemical pretreated Li sheets [S2] 

500 100 (PVDF-HFP)/ZnO composite membrane [S3] 

900 * 
Magnetron sputtering amorphous Li3PO4 

protective layer 
[S4] 

1000 * Cu99Zn alloy [S5] 

1000 17–31 Silicate coating Li sheets [S6] 

2450 12 Lithiophilic COF interlayers This work 

* The relevant result is not provided in the literature. 
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Table S4. The comparison of the symmetric Li–Li cells for different modifications at a 

current density of 1.0 mA cm–2 and capacity of 1.0 mAh cm–2. 

Cycling 

time (h) 

Voltage 

(mV) 
Modifications References 

300 10 Semiconductive microporous framework [S7] 

400 20 Polar PAN protecting layer [S8] 

400 20 Lignosulfonate coated separator [S9] 

400 23.3 Dual-engineered separator [S10] 

400 40 Lithium silicide protecting layer [S11] 

450 * MgF2/graphene framework [S12] 

500 30 Reduced graphene oxide@Li [S13] 

500 30 Nitrogen and sulfur co-doped carbon paper [S14] 

550 * Hybrid interphase of C60 and Mg [S15] 

600 20 
Li4. 4 Sn encapsulated in hollow graphene 

spheres 
[S16] 

744 *  Carbon fiber network [S17] 

800 54–66 Copper nitride nanowires [S18] 

850 * 
Fluorinated hybrid solid electrolyte 

interphase 
[S19] 

1000 14 Lithiophilic COF interlayers This work 

*The relevant result is not provided in the literature. 
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Figure S1. The scanning electron microscopy (SEM) image of TpTt. 

 

 

Figure S2. The transmission electron microscopy (TEM) image of TpTt. 
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Figure S3. The thermogravimetric analysis curve of TpTt. 

 

 

Figure S4. The potentiostatic DC polarization and AC impedance spectra of symmetric 

batteries (a) with and (b) without TpTt-coating separators. 
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Figure S5. The SEM images of (a) pristine Cu foils, (b) TpTt and (c) Tz coated Cu 

foils.  
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Figure S6. The Coulomb efficiency (CE) comparison of the Li–Cu batteries at a current 

density of 0.5 mA cm–2 and a capacity of 0.5 mAh cm–2. 

 

Figure S7. The CE behavior of Li–Cu batteries based on TpTt and bare current 

collectors at current density of 2 mA cm–2 with capacity of 2 mAh cm–2. 
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Figure S8. The N2 sorption isotherm of Tz. The inset figure is the pore size distribution 

of Tz. 

 

Figure S9. Comparison of Nyquist plots of the Li–Cu batteries with and without TpTt 

after cycling. 
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Figure S10. The SEM image of Li nucleation on Cu foils.  
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Figure S11. The voltage profiles of Li–Cu batteries based on (a) TpTt and (b) bare 

current collectors at current density of 1 mA cm–2 with capacity of 1 mAh cm–2 over 300 

and 200 cycles respectively. 

 

 

Figure S12. The SEM image of coated separators viewed in cross side. 
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Figure S13. Comparison of the cycling stability of the symmetrical cells with and 

without TpTt coated separators at a current density of 0.5 mA cm–2. 

 

Figure S14. Comparison of the cycling stability of the symmetrical cells with and 

without TpTt coated separators at a current density of 2 mA cm–2. 
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Figure S15. Comparison of the electrolyte wettability for (a) PP membrane and (b) 

TpTt-coated PP membrane. 
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Figure S16. Cycling stability of the symmetrical Li@TpTt|Li@TpTt cell at a current 

density of 1 mA cm–2. 

 

Figure S17. Comparison of solid electrolyte interphase components in half batteries 

with and without TpTt protecting layers after cycling. 
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Figure S18. The Nyquist plots of Li–S batteries with TpTt/CNT@PP, CNT@PP, and 

PP separators after cycling. 
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Figure S19. The elements mapping of TpTt after absorbing Li2S6.  

 

 

Figure S20. The Li 1s spectra of TpTt after absorbing Li2S6.  
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Figure S21. The long-term cycling performances of Li–S batteries with TpTt/CNT@PP, 

CNT@PP, and bare separators at 0.25 C.
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