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Table S1. Summary of reported surface modification processes and the SIGR process (This 
work) for LiNixCoyMn1-x-yO2 and LiNixCoyAl1-x-yO2 (0.7≤x≤0.9) electrode materials in terms 
of their process, electrochemical condition, and performance.

         Surface modification process Electrochemical 
condition Electrochemical performance

Cathode
Method Temperature Voltage range Retention of bare/modified sample – 

improved retention compared to bare (cycle)

This work (Li-S-O coated 
LiNi0.8Co0.1Mn0.1O2)

Dry mixing by hand 
& annealing 300℃ 2.5-4.5V

89.8% / 96.2% – 6.4% (50)
83.4% / 92.0% – 8.6% (100)
74.5% / 88.9% – 14.4% (150)
70.1% / 83.8% – 13.7% (200)

Li3PO4 coated 
LiNi0.76Co0.1Mn0.14O2

1 ALD & annealing 600℃ 2.7-4.5V 79.0% / 91.6% – 12.6% (200)

PEDOT coated 
LiNi0.85Co0.1Mn0.05O2

2 oCVD 90℃ 2.7-4.3V 54% / 91% – 37% (100)

Concentration gradient 
LiNi0.865Co0.12Al0.015O2

3 Coprecipitation 680℃ 2.7-4.3V 84.6% / 91.6% – 7.0% (100)

Li3PO4 coated 
LiNi0.84Co0.14Al0.02O2

4

Prepitation reaction & 
mixing for 1h & 

annealing
700℃ 2.8-4.4V 80% / 91% – 11% (50)

LiZr2(PO4)3 coated 
LiNi0.82Co0.15Al0.03O2

5
Mixing in ethanol & 

annealing 750℃ 2.7-4.3V 69.4% / 84.6% – 15.2% (100)

Li3PO4, graphene coated 
LiNi0.8Co0.1Mn0.1O2

6
Stirring at 500rpm & 

annealing 500℃ 3.0-4.3V 88.1% / 94.3% – 6.2% (150)

Li2TiO3 coated 
LiNi0.8Co0.15Al0.05O2

7
Synthesizing Li2TiO3 

& stirring & annealing 700℃/600℃ 3.0-4.3V 93.42% / 96.69% – 3.27% (100)

Li-Zr-O coated 
LiNi0.8Co0.1Mn0.1O2

8
Stirring for 2h & 

annealing 400℃ 3.0-4.3V 91.1% / 94.3% – 3.2% (50)

Co-related materials coated 
LiNi0.8Co0.1Mn0.1O2

9
Mixing at 1500rpm & 

annealing 750℃ 3.0-4.3V – 5% (200)

Table S2. Summary of reported surface modification processes and the SIGR process (This 
work) for LiNixMeyO2 (0.9≤x≤1, Me = metals) electrode materials in terums of their process, 
electrochemical condition, and performance.

         Modification process Electrochemical 
condition Electrochemical performance

Cathode
Method Temperature Voltage range

Retention of bare/modified sample -
improved retention compared to bare 

(cycle)

This work 
(Li-S-O coated LiNiO2)

Dry mixing by hand 
& annealing (coating) 300℃ 2.5-4.5V

70.8% / 92.0% – 21.2% (50)
62.1% / 84.8% – 22.7% (100)
54.7% / 80.2% – 25.5% (150)
53.2% / 76.8% – 23.6% (200)

LiNi0.9W0.1O2
10 Doping 2.7-4.3V 73.7% / 90.3% – 16.6% (100)

C4H6CoO4 coated LiNiO2
11 Stirring in ethanol & 

annealing (coating) 500℃ 3.0-4.2V 76.4% / 87.4% – 11.0% (50)

Li0.98Mg0.02Ni0.0.94Co0.06O2
12 Doping 2.8-4.4V 77% / 90% – 13% (150)

LiNi0.9Co0.05Mn0.05O2 with 
concentration gradient shell13

Concentration gradient 
coating 

(coprecipitation)
2.8-4.4V 85.2% / 92.2% – 7% (100)

LiNi0.94Zr0.04O2
14 Doping 2.7-4.3V 81% / 74% – 7% (100)
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Figure S1. Comparison of the improvments in the dicharge capacity retention with other 
reported results (a) SNCM and (b) SLNO sample with other recent papers. 

Figure S2. Scanning electron microscopy (SEM) images of the (a) NCM sample and (b) SNCM 
sample.
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Figure S3. (a) STEM-HAADF image and EDS mapping results of the primary particle of the 
SNCM sample. (b) Magnified image of the red box in (a). (c) EDS line mapping of the surface 
in (b).

Figure S4. XPS spectra of the C 1s of (a) fresh NCM and SNCM and (b) NCM after aging in 
air for 2 weeks and sublime-induced gas reacting process using the NCM sample after aging in 
air for 2 weeks. (c) Area ratio of –CO3 peak to C-C peak of the NCM and SNCM.



5

Figure S5. ATR-FTIR spectra of the NCM and SNCM, revealing that the SNCM sample can 
have the S=O bonding environment.15

Figure S6. Voltage profiles in discharge rate capability test of (a) the NCM and (b) SNCM.
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Figure S7. Voltage profiles of (a) LNO and (b) SLNO in the voltage range 2.5V-4.5V at room 
temperature. The half-cell is cycled at C/3 after first cycle at C/10, where 1C corresponds to the 
current density of 200mA/g.

Figure S8. STEM-HAADF image and EDS line mapping of the SNCM after 50 cycles. Scale 
bar, 100nm.

Figure S9. XPS data of the S 2p of the SNCM electrode (a) before cycling and (b) after 200 
cycles.
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Figure S10. SEM images of the electrodes before/after cycles (a) NCM electrode and (b) 
SNCM electrode.

Figure S11. Schematic showing the structural changes on cycling of the NCM.

Table S3. pH value of the NCM and SNCM.

NCM SNCM

pH value 10.6 9.9

Reference
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