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Table S1 Effects of different coating materials and thicknesses on the electrochemical performance of 
Li-rich oxides.1

Material Coating layer
Coating 
thickness 
(nm)

Cutoff 
voltage 
(V)

1 C
 (mA g-1)

IDCa (mAh g−1) / 
ICEb(%) / Rate (C)

DCc before cycling
(mAh g−1) / Cycle
number/Retention (%) 
/ Rate (C)

Ref.

Li1.2Mn0.6Ni0.2O2 MnOx 20 4.8 200 298.1/90.2/1 298.1/33/88.2/1 2

Li1.2Mn0.567Ni0.167Co0.066O2 MnO2 5 4.8 200 299/88/0.025 280/50/90.3/0.1 3

Li1.2Ni0.18Co0.04Mn0.58O2 MnO2 10 4.8 200 294.4/88.8/0.
1 294.4/80/87.8/0.1 4

Li1.2Ni0.15Mn0.55Co0.1O2 MnO2 - 4.8 260 226.0/83/0.1 222.6/50/94/0.2 5

Li1.2Mn0.54Co0.13Ni0.13O2 MnO2 10-50 4.8 250 239.1/83.9/0.
05 181.5/100/88.2/0.5 6

0.5Li2MnO3·0.5LiNi0.44

Mn0.32Co0.24O2
Li2MnO3 3 4.8 250 292.7/88.9/0.

1 231.9/100/94.1/1 7

Li1.2Mn0.54Co0.13Ni0.13O2 Li2MnO3 10 4.8 200 292.7/88.7/0.
1 231.9/100/94.1/1 8

Li1.2Mn0.54Co0.13Ni0.13O2 Li2MnO3 5 4.8 300 291.8/76.4/0.
1 197/100/76.9/1 9

Li1.2Mn0.54Co0.13Ni0.13O2 Li4Mn5O12 14 4.7 250 276/–/0.05 276/300/83.1/0.2 10

Li1.2Mn0.6Ni0.2O2 Li4Mn5O12 5 4.8 200 267.3/96.4/0.
1 232/300/80/0.5 11

Li1.2Mn0.54Co0.13Ni0.13O2 V2O5 6 4.8 250 279.5/87.8/0.
1 279.5/50/96.3/0.1 12

Li1.18Co0.15Ni0.15Mn0.52O2 Li3VO4 5 4.8 200 276.4/87.7/0.
2 126.2/100/78.6/5 13

Li1.2Mn0.6Ni0.2O2 LiδV2O5 5 4.8 200 –/87.7/0.1 198/50/91.4/1 14

Li1.17Ni0.17Co0.10Mn0.56O2 LiV3O8 2-5 4.6 250 252.9/93.7/0.
05

231.5/100/94.3/0.0
5

15

Li1.2Mn0.54Co0.13Ni0.13O2 LiV3O8 2.5 4.8 250 265.9/–/0.1 –/50/87.6/1 16

Li1.2Mn0.54Co0.13Ni0.13O2 LiVO3 3 4.8 250 –78.6/0.1 –/400/84/1 17

0.4Li4/3Mn2/3O2·0.6LiNi1/3
Co1/3Mn1/3O2

Co3O4 3-5 4.8 200 279.1/84.99/0
.1 197.4/80/94.1/0.5 18

Li1.2Mn0.534Co0.133Ni0.133O2 Co3O4 15 4.8 300 271/79/0.1 253.3/80/73.3/0.2 19

Li1.2Mn0.54Co0.13Ni0.13O2 LiFePO4 - 4.8 250 279/94/0.1 237/100/96/1 20

Li1.12Ni0.18Co0.07Mn0.57O2
Li3V1.5Al0.5(PO4

)3
5-10 4.8 250 279/93/0.1 228/100/96/1 21

Li1.2Mn0.54Co0.13Ni0.13O2
Li4V2Mn(PO4

)4
50 4.8 250 300/84.2/0.05 196.1/200/78.1/1 22

Li1.2Mn0.533Ni0.267O2 LixCoPO4 5 4.9 250 – –/500/80.06/1 23

Li1.2Mn0.54Co0.13Ni0.13O2 La1−xSrxMnO3− y 5-8 4.75 260 243.5/80/0.1 202/200/94/1 24

Li1.2Mn0.54Co0.13Ni0.13O2 La2Li0.5Co0.5O4 16 4.8 250 270.5/81.5/0.
1 204.2/200/82.6/1 25

Li1.2Mn0.54Co0.13Ni0.13O2 Li7La3Zr2O12 10 4.8 – 246.2/78.1/0.
1 246.2/100/86.3/0.1 26

Li1.2Mn0.54Co0.13Ni0.13O2
Li6.25La3Zr2Al0.2

5O12
-

4.8
200 282.4/85.6/0.

1 190.7/300/95.7/1 27

Li1.2Mn0.54Co0.13Ni0.13O2 Li0.5La0.5TiO3 4 4.8 – 261.6/86.4/0.
12 226.5/100/–/0.12 28

Li1.2Mn0.54Co0.13Ni0.13O2 Li2MoO4 20 4.8 250 257.31/77.79/
0.1 –/100/81.85%/1 29

Li1.2Mn0.6Ni0.2O2 LiNi0.5Mn1.5O4 2 4.8 250 261/80/0.1 236/100/99.6%/0.
5

30



Li1.2Mn0.54Co0.13Ni0.13O2
LiMn1.4Ni0.5M
o0.1O4

10
4.8

250 300/–/0.1 265/120/75/1 31

Li1.2Mn0.56Ni0.16Co0.08O2 Al2O3 5 4.8 200 293.4/82.2/0.
1

261.8/100/89.2/0.5 32

Li1.2Mn0.54Ni0.13Co0.13O2 MgO 5-10 4.8 200 260.8/78.0/0.
1

243.1/100/96.4/1 33

Li1.2Mn0.54Ni0.13Co0.13O2 ZrO2 - 4.8 – 308.5/95.4/0.
1

291.5/170/68.7/0.2 34

Li1.2Mn0.54Ni0.13Co0.13O2 TiO2 6 4.8 300 254.6/82.4/0.
2

194.9/100/79.6/1 35

Li1.2Mn0.54Ni0.13Co0.13O2 CeO2 2 4.8 – 282.2/68.0/0.
1

255.0/300/80.4/0.5 36

Li1.2Mn0.54Ni0.13Co0.13O2 MgAl2O4 6 4.8 250 252.0/80.1/0.
1

226.1/200/78.1/1 37

Li1.2Mn0.54Ni0.13Co0.13O2 NiFe2O4 15 4.75 260 259.8/87.2/0.
1

232.5/200/91.8/1 38

Li1.2Mn0.54Ni0.13Co0.13O2 La0.9Sr0.1CoO3 6 4.8 250 247.0/78.6/0.
05

162.5/400/80.0/1 39

Li1.2Mn0.54Ni0.13Co0.13O2 AlF3 5-7 4.8 300 283.3/88.3/0.
1

187.1/200/84.4/1 40

Li1.19Mn0.57Ni0.16Co0.08O2 AlF3 - 4.6 200 240.6/96.3/0.
1

199.0/100/85.9/0.5 41

Li1.2Mn0.54Ni0.13Co0.13O2 MgF2 - 4.8 – 282.6/87.2/0.
05

256.0/200/80.0/0.5 42

Li1.2Mn0.54Ni0.13Co0.13O2 FeF3 5-15 4.8 250 280.0/80.0/0.
1

190.0/100/95.0/0.5 43

Li1.18Mn0.52Ni0.15Co0.15O2 BiOF 3 – 200 292.0/92.0/0.
2

292.0/100/92.0/0.2 44

Li1.2Fe0.1Ni0.15Mn0.55O2 AlPO4 8 4.8 200 267.2/78.9/0.
2

296.4/50/74.4/0.1 45

Li1.2Mn0.54Ni0.13Co0.13O2 FePO4 2-3 4.8 250 280.4/86.4/0.
1

268.4/100/86.8/0.2 46

Li1.2Mn0.54Ni0.13Co0.13O2 LaPO4 4-6 4.8 200 283.4/89.3/0.
1

249.8/200/83.2/1 47

Li1.2Mn0.54Ni0.13Co0.13O2 CePO4 20 4.6 200 275.3/84.6/0.
05

242.5/300/86.9/0.5 48

Li1.2Mn0.56Ni0.16Co0.08O2 La(PO3)3 6.9 4.8 230 286.1/–/0.05 227.4/100/94.2/0.1 49

Li1.2Mn0.54Ni0.13Co0.13O2 PAA 10 4.8 250 244.0/80.0/0.
1

220/100/97.7/0.4 50

Li1.2Mn0.6Ni0.2O2 PANI - 4.6 – 262.0/75.8/0.
1

262.0/50/93.0/0.1 51

Li1.1 Mn0.67 Ni0.23 O2 PPy 10 4.8 200 – 200.0/200/96.0/0.1 52

Li1.13Mn0.463Ni0.203Co0.203

O2

FPI 15 4.8 135 248.0/73/0.2 248.0/50/94.0/0.2 53

Li1.17Mn0.56Ni0.175Co0.095

O2

PEDOT/PSS 5-8 4.6 – 265.0/89.8/0.
05

220.0/50/67.3/1 54

0.4Li2MnO3·0.6LiNi1/3Co

1/3Mn1/3O2

Graphene 
oxide

2-3 4.6 200 247.0/99.5/0.
1

227.0/100/78.0/1 55

Li1.2Mn0.54Ni0.13Co0.13O2 Graphene 
oxide

5 4.8 250 313.0/110.2/0
.05

268.0/50/75.0/0.2 56

Li1.2Mn0.6Ni0.2O2 SiO2 2 4.8 200 271.0/73.8/0.
1

238.3/50/∼100/0.2 57

Li1.2Mn0.6Ni0.2O2 B-Ni 1-3 4.8 250 248.3/86.7/0. 207.0/400/91.1/1 58



complexes 2
Li1.2Mn0.54Ni0.13Co0.13O2 Potassium 

Prussian 
blue

3-4 4.8 200 281.7/85.69/0
.1

229.1/100/77.2/0.5 59

Li1.17Ni0.20Co0.05Mn0.58O2 Mn-MOFs 2-3 4.8 300 323.8/91.1/0.
1

323.8/100/87.7/0.1 60

Li1.2Mn0.54Ni0.13Co0.13O2 Al2O3/AlF3 - 4.8 250 240.0/83.8/0.
05

147.0/200/84.0/1 61

Li1.2Mn0.54Ni0.13Co0.13O2 CaF2/Graphi
te

100 4.8 – 269.6/71.5/0.
1

215.2/150/90.0/0.5 62

Li1.2Mn0.54Ni0.13Co0.13O2 Al2O3/PPy - 4.8 250 281.4/80.4/0.
1

230.0/100/90.7/1 63

Li1.2Mn0.585Ni0.185Fe0.03O2 AlPO4/Li3PO4 4 4.8 200 260.7/85.0/0.
1

233.5/200/74.8/0.2 64

aIDC represents initial discharge capacity; bICE represents initial Coulombic efficiency; cDC represents discharge 
capacity.



Table S2 Effects of different coating materials and thicknesses on electrochemical performance in LCO 
oxides.

Material Coating layer
Coating 
thickness 
(nm)

1 C 

(mA g-1)
Cutoff 
voltage 
(V)

Cyclability (capacity

retention-cycles-rate)

Rate 
capability 
(mAh g-1 

rates)

Ref.

Al2O3 20 - 4.5 98.6%-200-2C 163-2C 65

LiMgPO4 5-10 - 4.65 71.76%-200-1C 120.8-5C 66

Mg3(PO4)2 15 274 4.6 79%-1000-1C 168-5C 67

LiCoPO4 7 180 4.5 89.5%-50-1C 189-1C 68

Li3PO4 30-40 274 4.6 96.7%-100-0.1C 133.7-5C 69

Li3PO4 and Mg2+ Y3+ 
doping 10 274 4.6 79.2-300-0.5C 109.6-10C 70

LiZr2(PO4)3 - 274 4.55 72.2%-100-0.5C 90-5C 71

AlPO4-5 zeolite 10 - 4.6 90%-200-1C 108-10C 72

Li1.5Al0.5Ti1.5(PO4)3 22 274 97.6%-100-0.5C 150-5C 73

LiAlO2 3 270 4.7 85.8%-300-1C 128-10 C 74

TiO2 4.2 - 4.6 92%-50-0.5C 190.9-3C 75

La-Y-O composite 5 140 4.6 94.4%-300-1C 145.3-20C 76

LiF 1 - 4.6 92%-1000-3C 141-10C 77

LiF 2.25 274 4.6 80.5-700-0.5C 124.9-3 C 78

Li3PO4/CoP 15 274 4.6 80.9%-200-0.5C 74.8-10 C 79

Li2TiO3 10 220 4.6 80.5%-400-1C 112-10 C 80

Co3O4@Li6.4La3Zr1.4T
a0.6O12

10-15 160 4.2 70.4%-300-2C 110-5C 81

Li2ZrF6 6-13 - 4.5 80.5%-1500-70 mA g-1 96.2-700 
mA g-1

82

LiF&LixByOz 2 200 4.6 81.7%-300-2C 151.3-5C 83

La2O3-ZrO2 9 140 4.5 90.3%-200-1C 165.6-10C 84

LixPOyFz 5-10 - 4.6 82.9%-500-1C 120.9-5C 85

LCO

Mg2+, F- doping and 
PO4

3- coating 2-5 274 4.7 81%-200-1C 113.5-10C 86



Table S3 Comparative analysis of W, Zr and Nb element doping modifications in LCO.

Doping 
Element Key Mechanisms Benefits Challenges

Tungsten 
(W)

 Improves structural stability by 
increasing interlayer spacing and 
reducing particle size. 

 Enhances Li+ diffusion kinetics.

 High 
electrochemical 
performance.

 Improved cycle 
life.

 Potential for WO3 
impacting Li+ diffusion. 

 Precise control of W 
doping concentration is 
crucial.

Zirconium 
(Zr)

 Suppresses O oxidation and Co 
reduction. 

 Enhances crystal structural 
stability. 

 Promotes Li+ diffusion.

 Improved rate 
capability.

 Enhanced thermal 
stability.

 May require careful 
optimization of Zr doping 
levels to avoid 
detrimental effects.

Niobium 
(Nb)

 Enhances structural stability 
through strong Nb-O bonds.

 Lowers charge transfer 
resistance.

 Promotes Li+ diffusion.
 Improves electronic conductivity. 
 Stabilizes CEI.

 Enhanced rate 
capability.

 Improved cycling 
stability.

 Potential for Nb to 
induce phase 
transformations if not 
carefully controlled.



Table S4 Effects of different coating materials and thicknesses on electrochemical performance in Ni-rich 
oxides.87

Material Coating layer
Coating 
thickness 
(nm)

1 C (mA 
g-1)

Cutoff 
voltage 
(V)

Rate 
performanc
e (RT)a) 

current-
capacity / 
mAh g−1

Cycling 
performance (RT) 
current-cycles-
capacity retention

Ref.

SCb) LiNi0.6Co0.1Mn0.3O2
LiBO2 with B 
doping

10-30 180 4.5
5C-138 (RT); 
1C-195.8 
(45°C)

5C-1000-70.75% 88

SC LiNi
0.83

Co
0.11

Mn
0.06

O
2

Li3BO3 with Zr 
doping

5 – 4.6 - 1C-200–83.9% 89

SC NCM622c) LiBO2-B2O3 15 175 4.5/4.7
1C-160.8 (4.5 
V); 1C-167.4 
(4.7 V)

1C-200-88.5% (4.5 V); 
1C-200-80% (4.7 V)

90

NCM811d) LiAlO2 3 – 4.5 5 C-165 5C-200-64.5%- 91

NCM622 LiAlO2&GO 5-7 200 4.5 10C-100.4 1C-200-88%; 92

NCM622 N-doped LiAlO2 2 210 4.5 10C-154 1C-450-87.0% 93

NCM622 LiAlO2 1 250 4.5/4.7
3C-142 
(4.5V); 3C-
115 (4.7V)

0.2C-350-75.7% (4.5 V) 94

NCM811 Li5AlO4&LiAlO2 23 280 4.5 10-137.2 1C-50-83.9% 95

NCM622 LiAlO2/LiF&AlF3 6 – 4.5 10C-155.3 1C-200-93.01% 96

SC NCM622 Li–Si–O 8 180 4.5 1C-183.9 1C-100-90.6% 97

NCM622 LiAlO2/Si1–xAlxO2 7 – 4.5 10C-153.4 5C-500-78.5% 98

NCM811 𝛽-LiAlSiO4 15 180 4.5 - 1C-100-83.4% (25°C); 
1C-100-86.5% (55°C)

99

NMC622 Li2TiO3&PO4
3− 

doping
5 – 4.5 5C-167.2; 

10C-157.8
1C-800-77.4% 100

NCM622 TiOx and LixTiyOz <5 180 4.6 – 1C-100-67% 101

NCM811 Li2MnO3 6.6-14.1 200 4.6 – 1C-100-90.6% 102

NCM622
Li8ZrO6 and 
Li2ZrO3

12.5 175 4.5 5C-176.5 1C-100-91.1% 103

NMC622 LixZryO 2.2 180 4.5 5C-91; 7C-50 3C-100-68% 104

NCM622 ZrO2 5 180 4.5 10C-112.7
0.5C-100-82.5%; 2C-
100-79%

105

NCM622 Li
6.1

La
3
Al

0.3
Zr

2
O

12 6-12 200 4.5 2C-165.5
2C-100-84.6%; 10C-
100-54.7%

106

NCM811
Nb doping & 
LiNbO3

7 180 4.5 - 1C-200-80.5% 107

NCM811 Li2MoO4 3-4 200 4.5 -
1C-100-98.1% (4.5V, 
55°C)

108

NCM811 Li2SnO3 4-5 250 4.5 5C-150 0.2C-100-99% 109

NCM622
Li2SnO3&Sn4+ 

gradient doping
5 195 4.5 5C-136.2 1C-100-88.31% 110

NCM811 Lix WOy 5 210 4.5 5C-165.5 (RT)
1C-100-88.4%; 1C-100-
49.6% 

111

NCM811 Li3PO4 10 200 4.5 10C-148.8 1C-100-88.4% 112

NCM811 Li3PO4 13.6 – 4.8 1C-90 1C-300-80% 113



NCM811
Lin(TM)mPO4 (TM 
= Ni, Co, and Mn)

4-6 200 4.5
10C-140 
(25°C)

1C-300-80.36% (25°C); 
1C-200-61.22% (55°C)

114

LiNi0.87Co0.1Al0.03O2 Li2O-BPO4 10 200 4.7 - 1C-100-76.2% 115

NCM622 Li
1.4

Al
0.4

Ti
1.6

(PO
4
)
3 - 190 4.5 10C-152.6 1C-100-90.9% 116

SC LiNi0.6Co0.1Mn0.3O2 Li
1.5

Al
0.5

Ge
1.5

P
3
O

12 2 – 4.6
10C-112.4 
(4.4V, 55°C)

5C-500-81.8(4.6V, 
RT)

117

SC-NCM811 Li
1.5

Al
0.5

Ge
1.5

(PO
4
)
3 15 – 4.5 5C-175 0.2C-100-94.5%; 1C-

400-83.1%
118

NCM811 Li
1.5

Al
0.5

Zr
1.5

(PO
4
)
3 4 200 4.5 – 1C-200-84.8% 119

LiNi0.90Co0.05Mn0.05O2 Li4TeO5 4 200 4.5 5C-184.8 1C-200-82.12% 120

NCM811 TiO2 - 200 4.5 10C-135 1C-200-88.5% 121

LiNi0.83Co0.11Mn0.06O2 Li2WO4 5-10 200 4.5 10C-172 1C-150-98.1% 122

a) RT (Room Temperature); b) SC (Single Crystal); c) NCM622 (LiNi0.6Mn0.2Co0.2O2); d) NCM811 
(LiNi0.8Mn0.1Co0.1O2).
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