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Figure S1. (a-b, c-d) SEM images of LLMO and SCMO@LLMO-2.0, (e) HRTEM 

image of LLMO, (f) TEM images of SCMO@LLMO-2.0, (g, h) EDS mapping 

images of LLMO, (i) SCMO@LLMO-2.0, (j) EDS Atomic (%) of SCMO@LLMO-

2.0 and LLMO, (k) ICP-OES element proportion of LLMO and WMn (%) of 

SCMO@LLMOs.



Figure S2. (a-c) The X-ray photoelectron spectroscopy (Mn, Co and Ni) of LLMO.



Figure S3. (a) The CV curve of LLMO, (b) The initial charge and discharge curves of 

SCMO@LLMOs, (c) The capacity differential curve of (b).

‘



Figure S4. (a) Nyquist plots of the SCMO@LLMOs before cycling, (b, c) Nyquist 

plots of SCMO@LLMO-2.0 and LLMO of 0, 50, 100, 150, and 200 cycles, 

respectively. (d) The Rsf and Rct of LLMO and SCMO@LLMO-2.0 of 0, 50, 100, 150, 

and 200 cycles, respectively.



Figure S5. (a-g) The cycling performance curves of SCMO@LLMOs under current 

densities of 0.05 C, 0.1 C, 0.2 C, 0.5 C, 1 C ,2 C, and 5 C, respectively, (h) The rate 

performance curves of SCMO@LLMOs under current densities of 0.05 C, 0.1 C, 0.2 

C, 0.5 C, 1 C ,2 C, and 5 C, respectively.



Figure S6. The (a) diffusion paths and (b) migration models of LLMO, SCMO(Li2O)x 

(x ≈ 0), and SCMO(Li2O)x (x ≈ 1), respectively.



Table S1. Comparison with similar modifications of LLMO.

Modification
Current 

density (C)

Initial coulombic 

efficiency (%)

Initial discharge 

capacity (mAh g-1)

Cycle 

number (#)

Capacity retention 

ratio (%)

0.05 93.0 296.9 100/200 97.9/93.9

0.1 92.6 289.8 100/200 97.8/92.8

0.2 91.8 279.3 100/200 96.9/91.6

SCMO shell

(This paper)

0.5 90.5 267.8 100/200 96.3/90.2

PB coating[1] 0.1 85.7 281.7 100 77.2

Injection of V-O[2] 0.1 79.6 221.9 300 92.6

Mg doping[3] 0.1 78.5 273.0 100 80.6

Al doping[4] 0.1 77.3 255.0 100 96.0

Ni substitution [5] 0.2 70.6 242.9 150 95.0

Li2TiO3 coating[6] 0.1 78.6 218.0 50 77.5

AlPO4 coating[7] 0.2 78.9 267.2 50 73.4

Fluorine doping[8] 0.2 68.1 220.0 100 79.7

Cr Doping[9] 0.2 97.7 219.0 133 77.6

Carbon coating[10] 0.2 96.7 263.0 100 70

Graphene oxide[11] 0.2 87.3 (0.05 C) 238 50 79.4

MgO coating[12] 1 78.0 (0.1 C) 260.8 (0.1 C) 100 96.4

Na-stablization[13] 0.1 87.5 307.0 100 (0.3 C) 89.0 (0.3 C)

Ru substitution[14] 0.05 81.4 279.3 50 (0.2 C) 81.5 (0.2 C)

AlF3 coating[15] 0.2 89.5 246.0 50 93.2

Al2O3 coating[16] 0.05 85.0 275.0 - -

Al substitution[17] 0.1 92.9 262.0 - -

LiFePO4 blending[18] 0.3 79.4 230.0 50 102.6

Double-layer coating[19] 0.05 98.0 298.0 30 89.7

V2O5 composite[20] 0.05 123.9 300 25 58.3



Table S2. The chemical reaction of synthesis process.

Stage Chemical Reaction

Acid-tearment H2SO4+Mn(OH)2→MnSO4+H2O

Hydrotherm MnSO4+KMnO4+H2O→MnO2+K2SO4+H2SO4

Calcining Mn(OH)2→MnO2+H2O



Table S3. The specific surface area (BET) and the pore size distribution ratio of 

SCMO@LLMO-2.0 and LLMO.

Sample Specific Surface Area (P/Po=0.2) Pore Size Distribution Ratio

1-5 nm 5-10 nm ＞10 nm

SCMO@LLMO-2.0 96.475 m2 g-1

96.2% 3.7% 0.1%

1-5 nm 5-10 nm ＞10 nm

LLMO 75.227 m2 g-1

89.6% 10.3% 0.1%



Table S4. Comparison of XRD Rietveld refinement data of SCMO@LLMO-2.0 and 

LLMO.

Atomic occupancy and position

Sample Phase

Lattice 

parameters（Å

）
Li Mn Ni Co

Proportion 

(%)
c/a Ni[3b]/Li[3b]

a=4.955772 1.0000[2b][2b][4h]1.0000[4g]

b=8.552964

c=5.020708
C/2m

β=109.3154

92.402

a=b=2.868085 [3b]1.0000 0.5912[3a][3a]0.11550.2360[3a]

SCMO@LLMO-2.0 

R-3m
c=14.347584

7.598

5.002496091 0

a=4.941426 1.0000[2b][2b][4h]1.0000[4g]

b=8.549039

c=5.024958
C/2m

β=109.2163

90.528

a=b=2.853922 [3b]0.8691 0.5764[3a][3a]0.11400.2320[3a]

LLMO

R-3m
c=14.367976 [3a]0.0309 [3b]0.0309

9.472

5.034466955 0.035554

Table S5. XPS peak fitting data of SCMO@LLMO-2.0 and LLMO.



Sample Ni Co Mn

SCMO@LLMO-2.0

（70.87%Ni2+/29.13%Ni3+
）

2p3/2 854.76Ni2+

856.53Ni3+

2p1/2 872.18Ni2+

874.32Ni3+

（58.52%Co3+/41.48%Co2+
）

2p3/2 780.14Co3+

780.74Co2+

2p1/2 795.09Co3+

796.48Co2+

（96.18%Mn4+/3.82%Mn3+
）

2p3/2 640.6Mn3+

641.90Mn4+; 642.93Mn4+; 

643.59Mn4+; 644.21Mn4+;

645.04Mn4+; 646.16Mn4+.

LLMO

（73.88%Ni2+/26.13%Ni3+
）

2p3/2 854.7Ni2+

856.75Ni3+

2p1/2 871.99Ni2+

874.26Ni3+

（73.05%Co3+/26.95%Co2+
）

2p3/2 780.09Co3+

780.94Co2+

2p1/2 795.07Co3+

796.68Co2+

（95.14%Mn4+/4.86%Mn3+
）

2p3/2 640.85Mn3+

642.06Mn4+; 643.21Mn4+; 

644.32Mn4+; 645.35Mn4+; 

646.45Mn4+; 647.79Mn4+.

Table S6. Electrochemical impedance fitting data of SCMO@LLMOs.



Sample Rs/Ω Rsf/Ω Rct/Ω σw DLi
+/(cm2 • s-1) *10-16

Untreated 3.23 71.50 223.79 22.17 0.63806548996366

0.5 M 4.82 48.25 124.70 14.54 1.48863575650532

1.0 M 6.37 44.05 117.21 12.76 1.91081840722379

1.5 M 7.75 40.97 106.49 11.82 2.27621075223101

2.0 M 9.31 36.74 94.24 9.94 3.19335395775053

2.5 M 4.19 53.11 139.35 13.57 1.70797489965782
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