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Figure S1. (a) Raman spectra of the Pristine and dual-site doping samples. 
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Figure S2. SEM images of (a-b) 1F3M material and the elemental mapping of (c) Mn, (d) Ni, (e) F, and (f) Mo.
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Figure S3. SEM images of (a-b) 5F1M material and the elemental mapping of (c) Mn, (d) Ni, (e) F, and (f) Mo.
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Figure S4. XPS spectra of (a) Ni 2p, (b) Mn 2p for Pristine and 5F3M sample.
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Figure S5. TEM image of the Pristine sample for a microsphere morphology.
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Figure S6. A method of obtaining the capacities provided by layered and Li2MnO3 phases. 
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Figure S7. The Nyquist plots of all samples 
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Table S1. Structure Parameters of LiMO2 Used in the Refinements of the 5F3M Sample 

Rp = 12.7 Rwp = 5.70 χ2 = 0.444 

Atom x y z Occ Uiso 

Li1 0 0 0 0.992(3) 0.025 

Mn1 0 0 0.5 0.478(2) 0.025 

Ni1 0 0 0.5 0.497(1) 0.025 

Mo1 0 0 0.5 0.017(1) 0.025 

O1 0 0 0.2415(4) 1 0.025 

Li2 0 0 0.5 0.008(3) 0.025 

Mo2 0 0 0 0.008(3) 0.025 
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Table S2. Capacity Contributed by Layered and Li2MnO3 Phases during the First Charge Process 

 

 

 

 

 

 

Sample Layered phase Li2MnO3 phase Total charging capacity 

1F1M 108.7 167.6 326.1 

1F3M 106.6 159.6 314.3 

3F1M 115 183.8 340.7 

5F1M 113.1 189.7 349.4 

5F3M 117.6 190.9 351.1 

Pristine 115.8 153.9 316.2 
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Table S3. A Comparation of Specific Capacity between This Work and Other Cobalt-free Li-rich Layered Oxides 

Modification strategy Voltage(V) 
Discharge specific 
capacity (mAh/g) 

Discharge specific 
capacity after cycle 
(mAh/g) 

References 

Li1.2Mn0.6Ni0.2O2 by 
polypyrrole coated 

2.0–4.8 236.8(0.1C) 
202.93 
(0.1C, 100 cycles) 

[1] 

Li1.2Mn0.6Ni0.2O2 by Fe 
doping 

2.0-4.8 
~260(0.1C) 
192(1C) 

164.16 
(1C, 200 cycles) 

[2] 

Li1.2Mn0.6Ni0.2O2 by 
C coated 

2.0-4.8 
~260(0.1C) 
226.2(1C) 

189.7 
(1C, 100 cycles) 

[3] 

Li1.2Mn0.6Ni0.2O2 by 
TiO2 coated 

2.0-4.8 
257.5(0.05C) 
~181(1C) 

~176 
(1C, 40 cycles) 

[4] 

Li1.2Mn0.6Ni0.2O2 by 
Na+ and Al3+ doped 

2.0-4.8 
262.66(0.1C) 
210.1(1C) 

~185.22 
(1C, 200 cycles) 

[5] 

Li1.2Mn0.6Ni0.2O2 by 
Mn3O4 coated 

2.0-4.8 
251(0.1C) 
208.6(1C) 

199.5 
(1C, 200 cycles) 

[6] 

Li1.2Mn0.6Ni0.2O2 with 
exposed {010} planes 

2.0-4.8 
~280(0.1C) 
~225(1C) 

~224 
(1C, 60 cycles) 

[7] 

Li1.2Mn0.6Ni0.2O2 by 
Li2SnO3 coated 

2.0-4.8 
255(0.1C) 
190(1C) 

196.2 
(1C, 200 cycles) 

[8] 

Li1.2Mn0.6Ni0.2O2 by dual-
site doping 

2.0-4.8 
275(0.1C) 
246(1C) 

190.98 
(1C, 100 cycles) 

Our work 



SUPPORTING INFORMATION 

12 
 

Chinese Journal of Structural Chemistry

n REFERENCES 
(1) Wu, H.; Li, H.; Yang, P. H.; Xing, Y. L.; Zhang, S. C. Surface modification of Li1.2Mn0.6Ni0.2O2 with electronic conducting polypyrrole. Int. J. 
Electrochem. Sci. 2018, 13, 6930–6939. 
(2) Zhang, D. Y.; Li, Z. M.; Li, G. F.; Zhang, M. L.; Yan, Y. X. Electrochemical performance of iron‐doped Li1.2Mn0.6Ni0.2O2 cathode materials prepared 
by combustion synthesis. Chemistryselect. 2019, 4, 13058–13063. 
(3) Chen, D. D.; Xie, D. J.; Li, G. S.; Zhang, D.; Fan, J. M.; Li, B. Y.; Feng, T.; Li, L. P. Simply constructing Li1.2Mn0.6Ni0.2O2/C composites for superior 
electrochemical performance and thermal stability in Li–ion battery. Chemistryselect. 2018, 3, 13647–13653. 
(4) Li, J. C.; Pang, S. L.; Shen, X. Q.; Xi, X. M.; Liao, D. Q. Effect of nano TiO2 coating on electrochemical performance of the Li1.2Mn0.6Ni0.2O2 cathode 
materials. Adv. Mat. Res. 2014, 1035, 361–365. 
(5) Xie, D. J.; Li, G. S.; Li, Q.; Fu, C. C.; Fan, J. M.; L, L. P. Improved cycling stability of cobalt-free Li-rich oxides with a stable interface by dual doping. 
Electrochim. Acta 2016, 196, 505–516. 
(6) Wu, C.; Cao, S.; Li, H.; Li, Z.; Chen, G.; Guo, X.; Chang, B.; Bai, Y.; Wang, X. Enhancing performances of Co-free Li-rich Mn-based layered cathode 
materials via interface modification of multiple-functional Mn3O4 shell. Chem. Eng. J. 2022, 431, 134208. 
(7) Chen, L.; Su, Y. F.; Chen, S.; Li, N.; Bao, L. Y.; Li, W. K.; Wang, Z.; Wang, M.; Wu, F. Hierarchical Li1.2Ni0.2Mn0.6O2 nanoplates with exposed {010} 
planes as high‐performance cathode material for Lithium‐ion batteries. Adv. Mater. 2014, 26, 6756–6760. 
(8) Li, Q. Y.; Zhou, D.; Zhang, L. J.; Ning, D.; Chen, Z. H.; Xu, Z. J.; Gao, R.; Liu, X. Z.; Xie, D. H.; Schumacher, G.; Liu, X. F. Tuning anionic redox 
activity and reversibility for a high‐capacity Li‐rich Mn‐based oxide cathode via an integrated strategy. Adv. Funct. Mater. 2019, 29, 1806706. 

 
 

 


