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Supplementary Methods 

Experimental Section 

Synthesis of sulfur cathode materials: To obtain sulfur electrode, sulfur powder was 

mixed with porous carbon (KJ600) with mass ratio of 4:1, well grinded in mortar and 

heated under 155°C for 12 hrs. The obtained material was mixed with polyvinylidene 

fluoride (PVDF), super P and were dispersed in N-methyl-2-pyrrolidone (NMP). The mass 

ratio of active material: Super P: PVDF is 8:1:1. The raw materials were mixed uniformly 

to obtain a slurry and coated on aluminum foil. The electrode was further dried under 70°C 

for 12 hrs and punched to disks with 15 mm in diameter. For high sulfur loading experiment, 

the porous carbon fiber paper was used as sulfur host. 

LFP cathode materials: The LFP powder, super P and PVDF were well grinded in NMP 

solution with a mass ratio of 90:5:5 and casted on carbon coated aluminum foil. The 

electrode was further dried under 70°C in vacuum oven for 24 hrs and punched to disks 

with 15 mm in diameter. The average areal LFP loading was ~18 mg cm-2. The LFP cathode 

with an areal capacity of 3 mAh cm-2 was employed for Li-LFP full cell. Li metal with a 

thickness of 30μm was used as anode, corresponding to an areal capacity of 6 mAh cm-2. 

Therefore, the N/P ratio can be determined as ~2.  

Computational methods: Density functional theory (DFT) calculations was employed to 

investigate the reduction processes of the CA additive. The specific structures were fully 

optimized by the B3PW91 method with the basis set of 6-311++G (d, p). The polarized 

continuum model (PCM) as implemented in Gaussian09 was used to describe the implicit 

solvent effect on the reduction process. The binding energy calculations were performed 

via the Vienna ab initio simulation package (VASP) with Perdew-Burke-Ernzerhof (PBE) 



 3 

to calculate electron exchange-correlation interactions. The adsorption energies with 

different chain length of CA-Li (En) was determined by the following expression: 

En = (Etotal - Epolymer - ELi) / number of monomers (n) 

  where Etotal is the total energy of the adsorbed systems, Epolymer is the energy of anion 

polymer, ELi is the energy of Li. 
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Supplementary Figure 1. Geometrical configuration and adsorption energies of CA on Li 
with different crystalline plane. 
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Supplementary Figure 2. Schematic illustration of possible anionic polymerization 
initialized by Li.   
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Supplementary Figure 3. SEM images of (A) Pristine Li, (B) after dipping 30 μL CA-

LiNO3 electrolyte, (C)After 7 days immersion in CA-LiNO3 electrolyte.  
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Supplementary Figure 4. Diagram of calculated HOMO/LUMO energies of solvent and 

electrolyte additives.   
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Supplementary Figure 5. XRD spectra of CA and CA-Li.  
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Supplementary Figure 6. 7Li NMR spectra of LC, LiNO3, CA/LiNO3 and CA-Li/LiNO3.  
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Supplementary Figure 7. UV-vis spectra of 1 wt.% CA + 2 wt.% LiNO3, 1 wt.% CA, and 
2 wt.% LiNO3.  



 11 

 

Supplementary Figure 8. CV curves of (A) DOL/DME solution, (B) 1% CA DOL/DME 
solution, (C) conventional electrolyte (containing 1M LiTFSI in DOL/DME solution) and 
(D) CA electrolyte (containing 1M LiTFSI and 1% CA in DOL/DME solution) under a 
scan rate of 1 mV s-1.  
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Supplementary Figure 9. Electrochemical behavior of Li-Cu half-cell tested in CA-
LiNO3 and LiNO3 electrolytes: (A) CV curve with a scan rate of 1 mV s-1. (B) 
Galvanostatic voltage profiles of Li platting on a working Cu electrode at a current density 
of 1 mA cm-2. (C) CE of Li stripping/platting at current density of 1 mA cm-2 and capacity 
of 1 mAh cm-2 after 10 cycle’s activation.   
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Supplementary Figure 10. F 1s XPS spectra of Li@LiNO3 and Li@CA-LiNO3.  
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Supplementary Figure 11. (A-C) TOF-SIMS depth profiles of Li@CA-LiNO3 and 
Li@LiNO3 and their (D) 3D reconstructed sputtering images.  
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Supplementary Figure 12. F 1s XPS depth profiles of Li@CA-LiNO3.  
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Supplementary Figure 13. XRD pattern of pristine Li.  
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Supplementary Figure 14. Integral XRD pattern of pristine Li, Li@LiNO3 and Li@CA-
LiNO3 after 1st stripping process and 1st stripping/plating process.  
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Supplementary Figure 15. GIXD pattern of (A) Li@LiNO3 and (B) Li@CA-LiNO3 after 
1st stripping process under the current density of 1 mA cm-2 and capacity of 1 mAh cm-2.  
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Supplementary Figure 16. Integral XRD pattern of Li@LiNO3 and Li@CA-LiNO3 after 
100th stripping/plating process.   
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Supplementary Figure 17. SEM cross-section image of (A) Li@LiNO3 and (B) Li@CA-
LiNO3 after 10th stripping/plating process.  
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Supplementary Figure 18. AFM topography images of (A) Li@LiNO3 and (B) Li@CA-
LiNO3 after 10th stripping/plating under the current density of 1 mA cm-2 with a capacity 
of 1 mAh cm-2.  



 22 

 

Supplementary Figure 19. SEM morphology and cross-sectional images of (A, B) Li@ 
LiNO3 and (C, D) Li@ CA-LiNO3 after 100th stripping/plating process under the current 
density of 1 mA cm-2 and capacity of 1 mAh cm-2.  
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Supplementary Figure 20. Optical images of pristine electrode and after cycling of (A, C) 
Li@CA-LiNO3 and (B, D) Li@LiNO3. 
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Supplementary Figure 21. Scheme illustration of the structure/morphology regulation 
and dendrite suppression mechanism in Li@CA-LiNO3. 
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Supplementary Figure 22. EIS spectra under 60ºC operation condition.  
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Supplementary Figure 23. cycling performance of PVDF coated LMA under the current 
density of 1 mA cm-2 with a capacity of 1 mAh cm-2. 
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Supplementary Figure 24. SEM morphology of (A) PVDF coated Cu foil and LMA 
cycled in LiNO3 electrolyte after (B) 1st cycle, (C) 10th cycle and (D) 100th cycle. 
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Supplementary Figure 25. geometrical configuration and adsorption energies of PVDF 
on Li with different crystalline plane. 
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Supplementary Figure 26. Li-LFP electrochemical performance of LFP@CA-LiNO3 and 
LFP@LiNO3. (A) GCD profiles at 0.2 C, (B) CV curves with a scan rate of 1mV s-1. (C) 
EIS spectra and (D) cyclic performance under the current density of 1 C after activation. 
The cut-off voltage was set as 3.8 V to reduce oxidative polymerization of CA on the 
cathode. 
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Supplementary Figure 27. optical observation of separator taken from disassembled Li-
LFP cells after 100th cycles in (A) CA-LiNO3 electrolyte and (B) LiNO3 electrolyte. 
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Supplementary Figure 28. (A) GCD profiles and (B) cycling performance under the 
current density of 1 C and 60ºC operation condition after activation.  
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Supplementary Figure 29. Electrochemical performance of S@CA-LiNO3 and S@LiNO3: 
(A) GCD profiles at 0.2 C, (B) CV curves with a scan rate of 1 mV s-1, (C) EIS spectra, (D) 
rate performance and (E) cyclic performance under the current density of 1 C.  
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Supplementary Figure 30. GITT profiles of S@CA-LiNO3 and S@LiNO3 under the 

current density of 0.1 C.   
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Supplementary Figure 31. SEM morphology of LMA after 500 cycles in (A) S@CA-
LiNO3 and (B) S@LiNO3 under the current density of 1 mA cm-2. (insert image: optical 
observation of LMA after cycling)  
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Supplementary Table 1. the LUMO and HOMO energy of solvent and electrolyte 
additives. 

 LUMO (eV) HOMO (eV) 
DME -0.18205 -7.18631 
DOL -0.23946 -7.22169     
CA -2.14373 -6.30547 
LC -1.54181 -5.88015 

LiNO3 -1.59894 -7.70355 
LiTFSI -1.93773 -9.16341 
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Supplementary Table 2. Performance comparison between Li@CA-LiNO3 and other 
LMA in ether based electrolyte reported from literatures. 

  

 Maximum 
current 

density (mA 
cm-2) 

Cyclic stability of 
1 mAh cm-2 

(cycles) 

Cumulative 
capacity (Ah 

cm-2) 

 
Reference 

This work 10 4250 
 

4.25 
 

TESM/Li 10 3000 
 

3.5 
 

[1] 

APL 5 200 
 

0.2 
 

[2]  

ND-Li 10 700 
 

0.7 
 

[3] 

LiFSI/LiNO3 0.5 500 
 

0.5 
 

[4] 

Li13In3|Li 2 1600 
 

2.5 
 

[5] 

PS+LiNO3 2 400 
 

0.8 
 

[6] 

PST-90-
electrolyte 2.25 1000 

 
0.8 

 
[7] 

MFC-
Li/CNF 10 300 

 
1.53 

 
[8] 

NLi 8 1000 
 

0.5 
 

         [9] 

Li-LPS-
PDMS 4 1000 

 
0.84 

 
[10] 
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