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 Calculation of the Warburg coefficient factor (σ) 

Warburg coefficient factor can be calculated by following equation: 

Z' = Rct + Re + σω-1/2          (1) 

The charge transfer resistance (Rct) and the electrolyte resistance (Re) are the kinetic 

parameters. From the plot of Z' against ω-1/2, the slope of the fitted line is Warburg 

coefficient factor (σ). 

Calculation of the lithium ions diffusion coefficient (DLi) based on EIS 

measurement 

The diffusion coefficient of lithium ions (DLi) can be obtained on the basis of the 

following equation: 

DLi = R2T2/2A2F4n4C2σ2          (2) 

R is the gas constant; T is the absolute temperature; A is the surface area of working 

cathode (1.54 cm2), F is the Faraday constant; n is the number of electrons per reaction 

species; C is the concentration of lithium ions (0.02066 mol/cm3); σ is the Warburg 

coefficient factor obtained by eq S1. 
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Figure S1 (a-c) SEM images and statistic of length distribution of the rod-like 

Co(OH)2 precursor; (d-f) SEM images and statistic of length distribution of the 

PAHF-LCO cathode material. 
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Figure S2 Nyquist plots of the commercial LCO cathode material before cycling 

test. 

 

 

Figure S3 (a) The fitting curves of Nyquist plots of the PAHF-LCO cathode 

material; (b) the corresponding relationship between ω-1/2 and Z' in the low 

frequency range of the PAHF-LCO cathode material. 
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Figure S4 Nyquist plots of PAHF-LCO and commercial LCO electrodes after 

100 cycles at 10 C at the charged state (4.3 V). 
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Figure S5 (a, b) SEM images of the PAHF-LCO cathode material after 100 and 

200 cycles at 10 C; (c) EDS analyses of the PAHF-LCO cathode material after 

200 cycles at 10 C. 

The PAHF-LCO cathode materials after 100 and 200 cycles at 10 C were 

dissembled in the glovebox and the cathodes were washed with ethanol for several 

times. After drying in vacuum for 30 min, the electrodes were characterized by SEM 

under the protection of argon atmosphere for imaging. 
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Figure S6 The comparison of discharge capacities between 200th cycled cells and 

reassembled cells under 10, 20 and 50 C for PAHF-LCO cathode material. 
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Table S1 Charge transfer resistance (Rct), and Warburg efficient factor (σ) of the 1st, 2nd, 

3rd, 4th and 5th cycled for the PAHF-LCO cathode material. 

 1st cycle 2ed cycle 3rd cycle 4th cycle 5th cycle 

Rct 

(Ω) 
63.52 84.74 91.97 92.64 91.20 

σ 

(Ω s-1/2) 
21.30 19.16 19.51 18.03 19.29 

DLi 

(×10-9 cm2 s-1) 
5.34 6.59 6.36 7.45 6.51 
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Table S2 A survey of electrochemical properties of the reported LCO cathode materials 

for LIBs. 

Electrode description Rate capability Cycling stability 
Voltage 

range 
Ref. 

LiCoO2 Nanotubes 163 mAh g-1 at 0.3 C 164 mAh g-1 after 100 cycles 0.07 C 3.0-4.3 V 1 

LiCoO2 concaved cuboctahedra 141 mAh g-1 at 0.5 C 114 mAh g-1 after 100 cycles at 0.5 C 2.8-4.3 V 2 

LiCoO2 spheres 126 mAh g-1 1 C 113 mAh g-1 after 100 cycles at 1 C 3.0-4.2 V 3 

LiCoO2 concaved 

cuboctahedrons 
142 mAh g-1 at 1.5 C 127 mAh g-1 after 5 cycles at 1.5 C 2.5-4.3 V 4 

Flake-like LiCoO2 57 mAh g-1 5 C 22 mAh g-1 after 30 cycles at 5 C 2.5-4.4 V 5 

Chain-like LiCoO2 120 mAh g-1 at 5 C 154 mAh g-1 after 200 cycles at 1 C 2.7-4.5 V 6 

LiCoO2 nanoparticles 150 mAh g-1 7 C 135 mAh g-1 after 30 cycles at 7 C 3.0-4.5 V 7 

LiCoO2 nanowires 110 mAh g-1at 7 C 100 mAh g-1 after 100 cycles at 7 C 3.0-4.3 V 8 

LiCoO2 nanoplates 123 mAh g-1 at 7 C 113 mAh g-1 after 100 cycles at 7 C 3.0-4.5 V 9 

LiCoO2 cubes 112 mAh g-1 at 7 C 131 mAh g-1 after 100 cycles at 0.7 C 

3.0-4.3 V 10 

LiCoO2 sphere 124 mAh g-1 at 7 C 128 mAh g-1 after 100 cycles at 0.7 C 

LiCoO2/Ag 136 mAh g-1 8 C 119 mAh g-1 after 50 cycles at 8 C 3.0-4.4 V 11 

Flake-like LiCoO2 96 mAh g-1 at 10 C 149 mAh g-1 after 100 cycles at 1 C (55 °C) 2.7-4.5 V 12 

LiCoO2 nanomeshes 85 mAh g-1 at 21 C 130 mAh g-1 after 50 cycles at 1.4 C 3.0-4.3 V 13 

LiCoO2 desert-rose 155 mAh g-1 at 36 C 
110 mAh g-1 after 15 cycles at 7 C 

95 mAh g-1 after 15 cycles at 36 C 
2.5-4.5 V 14 

LiCoO2 nanoparticles 

100 mAh g-1 at 30 C 

90 mAh g-1 at 50 C 

75 mAh g-1 at 100 C 

85 mAh g-1 after 20 cycles at 10 C 3.0-4.2 V 15 

LiCo0.75B0.25O2 130 mAh g-1 at 0.25 C 127 mAh g-1 after 16 cycles at 0.25 C 2.5-4.4 V 16 

LiCo0.97Cr0.03O2 155 mAh g-1 at 0.14 C 74 mAh g-1 after 30 cycles at 0.14 C 2.7-4.3 V 17 

LiCo0.90Rh0.10O2 144 mAh g-1 at 0.14 C 86 mAh g-1 after 18 cycles at 0.14 C 2.7-4.3 V 18 

LiCo0.95Mn0.05O2 
195 mAh g-1 at 20 mA g-

1 
195 mAh g-1 after 33 cycles at 20 mA g-1 3.0-4.4 V 19 
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MgO-LiCoO2 156 mAh g-1 at 0.2 C 
132.5 mAh g-1 after 60 cycles at 0.2 C 

(81 °C ) 
3.0-4.35 V 20 

P2O5-LiCoO2 130 mAh g-1 at 1 C 98.8 mAh g-1 after 20 cycles at 1C 3.0-4.4 V 21 

Y3Al5O12-LiCoO2 167 mAh g-1 at 0.2 C 134.2 mAh g-1 after 164 cycles at 0.2 C 2.75-4.4 V 22 

MgO/TiO2/SiO2-LiCoO2 165 mAh g-1 at 1 C 149.3 mAh g-1 after 250 cycles at 1 C 3.0-4.4 V 23 

FePO4-LiCoO2 155 mAh g-1 at 3 C 127.9 mAh g-1 after 400 cycles at 3 C 2.75-4.4 V 24 

 



 

 S-11 

Reference 

(1) Li, X.; Cheng, F.; Guo, B.; Chen, J., Template-Synthesized LiCoO2, LiMn2O4, and 

LiNi0.8Co0.2O2 Nanotubes as the Cathode Materials of Lithium Ion Batteries. J. Phys. 

Chem. B 2005, 109, 14017-14024. 

(2) Mei, T.; Tang, K.; Zhu, Y.; Qian, Y., Preparation of LiCoO2 Concaved Cuboctahedra 

and Their Electrochemical Behavior in Lithium-Ion Battery. Dalton T. 2011, 40, 7645-

7650. 

(3) Wang, D.; Ma, X.; Wang, Y.; Wang, L.; Wang, Z.; Zheng, W.; He, X.; Li, J.; Peng, 

Q.; Li, Y., Shape Control of CoO and LiCoO2 Nanocrystals. Nano Res. 2010, 3, 1-7. 

(4) Chen, H.; Wu, L.; Zhang, L.; Zhu, Y.; Grey, C. P., LiCoO2 Concaved 

Cuboctahedrons from Symmetry-Controlled Topological Reactions. J. Am. Chem. Soc. 

2010, 133, 262-270. 

(5) Wei, T.; Zeng, R.; Sun, Y.; Huang, Y.; Huang, K., A Reversible and Stable Flake-

Like LiCoO2 Cathode for Lithium Ion Batteries. Chem. Commun. 2014, 50, 1962-1964. 

(6) Wu, N.; Zhang, Y.; Wei, Y.; Liu, H.; Wu, H., Template-Engaged Synthesis of 1D 

Hierarchical Chainlike LiCoO2 Cathode Materials with Enhanced High-Voltage 

Lithium Storage Capabilities. ACS Appl. Mater. Inter. 2016, 8, 25361-25368. 

(7) Jo, M.; Hong, Y.; Choo, J.; Cho, J., Effect of LiCoO2 Cathode Nanoparticle Size on 

High Rate Performance for Li-Ion Batteries. J. Electrochem. Soc. 2009, 156, A430. 

(8) Xiao, X.; Yang, L.; Zhao, H.; Hu, Z.; Li, Y., Facile Synthesis of LiCoO2 Nanowires 

with High Electrochemical Performance. Nano Res. 2011, 5, 27-32. 

(9) Xiao, X.; Liu, X.; Wang, L.; Zhao, H.; Hu, Z.; He, X.; Li, Y., LiCoO2 Nanoplates 

with Exposed (001) Planes and High Rate Capability for Lithium-Ion Batteries. Nano 

Res. 2012, 5, 395-401. 

(10) Wu, B.; Wang, J.; Li, J.; Lin, W.; Hu, H.; Wang, F.; Zhao, S.; Gan, C.; Zhao, J., 

Morphology Controllable Synthesis and Electrochemical Performance of LiCoO2 for 

Lithium-Ion Batteries. Electrochim. Acta 2016, 209, 315-322. 

(11) Huang, S.; Wen, Z.; Yang, X.; Gu, Z.; Xu, X., Improvement of the High-Rate 

Discharge Properties of LiCoO2 with the Ag Additives. J. Power Sources 2005, 148, 

72-77. 



 

 S-12 

(12) Wu, N.; Zhang, Y.; Guo, Y.; Liu, S.; Liu, H.; Wu, H., Flakelike LiCoO2 with 

Exposed {010} Facets as a Stable Cathode Material for Highly Reversible Lithium 

Storage. ACS Appl. Mater. Inter. 2016, 8, 2723-2731. 

(13) Zhang, H. J.; Wong, C. C.; Wang, Y., Crystal Engineering of Nanomaterials to 

Widen the Lithium Ion Rocking “Express Way”: A Case in LiCoO2. Cryst. Growth Des. 

2012, 12, 5629-5634. 

(14) Chen, H.; Grey, C. P., Molten Salt Synthesis and High Rate Performance of the 

“Desert-Rose” Form of LiCoO2. Adv. Mater. 2008, 20, 2206-2210. 

(15) Okubo, M.; Hosono, E.; Kim, J.; Enomoto, M.; Kojima, N.; Kudo, T.; Zhou, H.; 

Honma, I., Nanosize Effect on High-Rate Li-Ion Intercalation in LiCoO2 Electrode. J. 

Am. Chem. Soc. 2007, 129, 7444-7452. 

(16)  Julien, C.; Mauger, A.; Groult, H.; Zhang, X.; Gendron, F., LiCo1−yByO2 as 

Cathode Materials for Rechargeable Lithium Batteries. Chem. Mater. 2011, 2, 208-218. 

(17) Madhavi, S.; Subba Rao, G.; Chowdari, B.; Li, S., Effect of Cr Dopant on the 

Cathodic Behavior of LiCoO2. Electrochim. Acta 2002, 48, 219-226. 

(18) Madhavi, S.; Subba Rao, G.; Chowdari, B.; Li, S., ChemInform Abstract: Synthesis 

and Cathodic Properties of LiCo1-yRhyO2 (0 ≤ y ≤ 0.2) and LiRhO2. J. Electrochem. 

Soc. 2010, 33. 

(19) Luo, D.; Li, G.; Yu, C.; Yang, L.; Zheng, J.; Guan, X.; Li, L., Low-Concentration 

Donor-Doped LiCoO2 as a High Performance Cathode Material for Li-Ion Batteries to 

Operate between −10.4 and 45.4 °C. J. Mater. Chem. 2012, 22, 22233-22241. 

(20) Shim, J.; Lee, S.; Park, S., Effects of MgO Coating on the Structural and 

Electrochemical Characteristics of LiCoO2 as Cathode Materials for Lithium Ion 

Battery. Chem. Mater. 2014, 26, 2537-2543. 

(21) Cho, J.; Lee, J.; Kim, B.; Park, B., Effect of P2O5 and AlPO4 Coating on LiCoO2 

Cathode Material. Chem. Mater. 2003, 15, 3190-3193. 

(22) Chen, J.; Cho, Y.; Hsiao, C.; Fey, G. T., Electrochemical Studies on LiCoO2 

Surface Coated with Y3Al5O12 for Lithium-Ion Cells. J. Power. Sources 2009, 189, 279-

287. 

(23) Wang, H.; Chen, M., Modification of LiCoO2 by Surface Coating with 



 

 S-13 

MgO/TiO2/SiO2 for High-Performance Lithium-Ion Battery. Electrochem. Solid. St. 

2006, 9, A82-A85. 

(24) Li, G.; Yang, Z.; Yang, W., Effect of FePO4 Coating on Electrochemical and Safety 

Performance of LiCoO2 as Cathode Material for Li-Ion Batteries. J. Power. Sources 

2008, 183, 741-748. 


