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Figure caption: 

 

Fig. S1. Optimized structures of solvents (EC, EMC and DEC) and APTS. 

 

Fig. S2. Optimized structures and adiabatic ionization energy (AIE, kJ mol−1) of X (a), X-PF6
- 

(b), X-HF (c), X- H+ (d), and X-F- (e), (X = EC, EMC, DEC, APTS) after one electron 

oxidation. 

 

Fig. S3. SEM images of Li1.2Mn0.55Ni0.15Co0.1O2 electrodes cycled in the STD (a) and 

APTS-containing (b) electrolytes containing 600 ppm. 

 

Fig. S4. Discharge curves and corresponding dQ/dV profiles of Li1.2Mn0.55Ni0.15Co0.1O2 

electrodes in the STD (a and b) and APTS-containing (c and d) electrolytes at the selected 

cycles of Fig. 1. 

 

Fig. S5. Experimental and fitted electrochemical impedance spectra of Li1.2Mn0.55Ni0.15Co0.1O2 

electrodes after 3 cycles (a) and 300 cycles (b) under the same charge/discharge conditions as 

Fig. 1; the fitted resistances (c) and the equivalent circuit (d) for fitting. 

 

Fig. S6. XRD patterns of fresh and the cycled Li1.2Mn0.55Ni0.15Co0.1O2 electrodes in the STD 

and APTS-containing electrolytes. 

 

Fig. S7. Deposited transition metal on the Li counter electrode after cycling Li/ 

Li1.2Mn0.55Ni0.15Co0.1O2 cells in the STD and APTS-containing electrolytes for 300 cycles. 

 

Fig. S8. Voltage decaying curves (a) and chronoamperometric profiles at 4.8 V (b) for 

charged Li1.2Mn0.55Ni0.15Co0.1O2 electrodes after three charge-discharge cycles at 0.1 C in the 

STD and APTS-containing electrolytes. 

 

Fig. S9. FTIR spectra of fresh Li1.2Mn0.55Ni0.15Co0.1O2 electrode and the electrodes after 

cycling test in Fig. 1 for STD and APTS-containing electrolytes. 

 

Fig. S10. Cyclic performance (a), corresponding Coulombic efficiency (b) and initial 

charge-discharge profiles (c) of Li/graphite cells in the STD and APTS-containing 

electrolytes. 

 

Fig. S11. Cyclic performance (a), corresponding Coulombic efficiency (b) and initial 

charge-discharge profiles (c) of graphite/Li1.2Mn0.55Ni0.15Co0.1O2 cells in the STD 

APTS-containing electrolytes. 

 

Fig. S12. Cyclic performance of fresh Li/pre-cycled Li1.2Mn0.55Ni0.15Co0.1O2 and pre-cycled 

Li/fresh Li1.2Mn0.55Ni0.15Co0.1O2 cells in the STD electrolyte at 1C between 2 V and 4.8 V. 
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Fig. S1. Optimized structures of solvents (EC, EMC and DEC) and APTS. 
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Fig. S2. Optimized structures and adiabatic ionization energy (AIE, kJ mol−1) of X (a), 

X-PF6
- (b), X-HF (c), X- H+ (d), and X-F- (e), (X = EC, EMC, DEC, APTS) after one 

electron oxidation. 
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Fig. S3. SEM images of Li1.2Mn0.55Ni0.15Co0.1O2 electrodes cycled in the STD (a) and 

APTS-containing (b) electrolytes containing 600 ppm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

 

 

Fig. S4. Discharge curves and corresponding dQ/dV profiles of 

Li1.2Mn0.55Ni0.15Co0.1O2 electrodes in the STD (a and b) and APTS-containing (c and d) 

electrolytes at the selected cycles of Fig. 1. 
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Fig. S5. Experimental and fitted electrochemical impedance spectra of 

Li1.2Mn0.55Ni0.15Co0.1O2 electrodes after 3 cycles (a) and 300 cycles (b) under the 

same charge/discharge conditions as Fig. 1; the fitted resistances (c) and the 

equivalent circuit (d) for fitting. 

 

The pressed semicircle in the impedance spectra represents the interfacial 

impedance including the lithium transportation impedance in the film and the charge 

transfer impedance on the interphase, while the slope line reflects the lithium 

diffusion in the electrode.1, 2 The experimental impedance spectra can be well fitted 

by equivalent circuit of Fig. S5d, which includes the resistances of the Ohmic, the 

film (Rf) and the charge transfer (Rct), and Warburg impedance (Wo). The larger Rf of 

LMR after 3 cycles in the APTS-containing electrolyte than that in the STD 

electrolyte (Fig. S5c)，suggests the formation of a protective interphase film by APTS, 

which is beneficial for the charge transfer (smaller Rct). After 300 cycles, the Rf of 

LMR in the APTS-containing electrolyte becomes smaller and its Rct changed little, 

suggesting that the film might experience a structural re-organization, which is 

beneficial for the lithium ion transportation and does not affect the charge transfer 

process. However, both Rf and Rct of LMR after long cycling in the STD electrolyte 
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increases significantly, suggesting that LMR suffer a structural destruction. 

Apparently, the film formed form APTS provides a protection for the structural 

integrity. 

 

 

 

 

 

 

 

Fig. S6. XRD patterns of fresh and the cycled Li1.2Mn0.55Ni0.15Co0.1O2 electrodes in 

the STD and APTS-containing electrolytes. 
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Fig. S7. Deposited transition metal on the Li counter electrode after cycling Li/ 

Li1.2Mn0.55Ni0.15Co0.1O2 cells in the STD and APTS-containing electrolytes for 300 

cycles. 
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Fig. S8. Voltage decaying curves (a) and chronoamperometric profiles at 4.8 V (b) for 

charged Li1.2Mn0.55Ni0.15Co0.1O2 electrodes after three charge-discharge cycles at 0.1 

C in the STD and APTS-containing electrolytes. 

 

With the protection of interphase constructed by APTS, the LMR electrode can 

suppress the self-discharge of charge LMR and the electrolyte decomposition. Fig. 

S8a presents the voltage decaying curves of the charged LMR electrodes after three 

charge-discharge cycles at 0.1 C in the STD and APTS-containing electrolytes. The 

voltage of the cell in the STD electrolyte drops dramatically after eight days storage, 

indicating that LMR suffers severe self-discharge. During the storage of the charged 

cell, the carbonate electrolytes closing to the surface of electrode is oxidized by the 

charged LMR, which is accompanied by the reduction of higher valence transition 

metal ions (Ni4+, Co4+ and Mn4+) in LMR, leading to the cell voltage drop.3 However, 

the voltage of cell in APTS-containing electrolyte remains stable after storage for 

fifteen days, indicative of the protection of interphase for LMR. As shown in Fig. S8b, 

there is a large residual current for the charged LMR electrode in the STD electrolyte 

under 4.8 V, suggesting that the electrolyte suffers severe decomposition. In the 

APTS-containing electrolyte, this residual current is reduced significantly, indicating 

that the interphase constructed by APTS can effectively suppress the electrolyte 

decomposition. 
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Fig. S9. FTIR spectra of fresh Li1.2Mn0.55Ni0.15Co0.1O2 electrode and the electrodes 

after cycling test in Fig. 1 for STD and APTS-containing electrolytes. 
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Fig. S10. Cyclic performance (a), corresponding Coulombic efficiency (b) and initial 

charge-discharge profiles (c) of Li/graphite cells in the STD and APTS-containing 

electrolytes. 
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Fig. S11. Cyclic performance (a), corresponding Coulombic efficiency (b) and initial 

charge-discharge profiles (c) of graphite/Li1.2Mn0.55Ni0.15Co0.1O2 cells in the STD 

APTS-containing electrolytes. 

 

The Li1.2Mn0.55Ni0.15Co0.1O2/graphite 2025-type coin cells were charged to 4.8 V 

and then discharged to 2.0 V at 0.1 C (1 C = 200 mA g-1) for initial two cycles and at 

0.5 C for following cycles. Although the capacity decay occurs in both electrolytes, 

the capacity retention in the electrolyte containing 0.25% APTS is 15% higher than 

that in the STD electrolyte. And the Coulombic efficiency cycled in the STD 

electrolyte is extremely wobbly in the later period of cycles while stabilized in the 

electrolyte containing 0.25% APTS. It is noteworthy that the first Coulombic 

efficiency in the electrolyte containing APTS additive is also lower than that in the 

STD electrolyte, which implies that APTS also participates in the oxidation reaction 

in the first charge process. These results reveal that the protective interphase film 

formed by APTS additive can also suppress the electrolyte decomposition and then 

improve the cycling stability in the full battery. 
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Fig. S12. Cyclic performance of fresh Li/pre-cycled Li1.2Mn0.55Ni0.15Co0.1O2 and 

pre-cycled Li/fresh Li1.2Mn0.55Ni0.15Co0.1O2 cells in the STD electrolyte at 1C between 

2 V and 4.8 V. 

 

The pre-cycled Li and Li1.2Mn0.55Ni0.15Co0.1O2 electrodes were obtained from the 

Li/Li1.2Mn0.55Ni0.15Co0.1O2 cell after three cycles at 0.1 C in the APTS-containing 

electrolyte. The fresh Li/pre-cycled Li1.2Mn0.55Ni0.15Co0.1O2 cell exhibits better cyclic 

stability than the pre-cycled Li/fresh Li1.2Mn0.55Ni0.15Co0.1O2 cell, confirming that the 

improved cyclic stability of LMR/Li cell by APTS (Fig. 1) results from the effect of 

APTS on LMR cathode rather than Li anode. 
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