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Fig. S1 The discharge curves of cycling at 1C normalized by discharging capacities of LL, LLM1, 

LLM2, and LLM3 respectively.

Fig. S2 Initial charge curves at 3.4-4.4 V of LL,LLM1,LLM2 and LLM3 cathodes.
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Fig. S3 (a) XRD patterns of the electrodes after 100 cycles at 1C, (b) the enlarge XRD pattern 

between 17.0 and 20.0 degree, (c) the enlarge XRD pattern between 43.0 and 46.0 degree.
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Fig. S4 The FE-SEM images of (a)LL, (b)LLM2 before cycling and (c)LL, (d)LLM2 after cycling at 1C 

for 100 cycles.
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Fig. S5 (a) the equivalent circuit model, and the EIS Nyquist plots of (b)LLM2, (c)LL.

The electrochemical impedance spectra (EIS) of LL and LLM2 were recorded at 4.0 V charged state after cycling for 

5, 100, 200 and 300 cycles at 1C. All recorded Nyquist plots have similar two semicircles at high and medium 

frequency regions and one slant line at low frequency region. The intercept of Nyquist plot with real axis (Z’) 

represents the electrolyte resistance (Re). The first semicircle at high frequency region represents the surface 

resistance (Rs) including the interface between the electrode and electrolyte which the Li+ needs to across and the 

second semicircle at medium frequency region is related to charge transfer resistance (Rct). The slant line can be 

attributed to Warburg resistance (Rw) indicating the solid diffusion of Li+ in the bulk of the particles.1 Rct indicates 

the difficulty of electrochemical reaction during the cycling, and the value of Rct raises after cycling due to the 

cracking of particles,2 irreversible phase transition3and the increasement of surface layer from the side reaction 

with electrolyte.1

Table S1. The specific capacity and coulombic efficiency of the initial cycle

(mAh·g-1) Charging Charging (<4.4 V) Charging (>4.4 V) Discharging
Coulombic 

Efficiency (%)

LL 321 111. 210 253 78.8
LLM1 300 99 201 250 83.2
LLM2 291 100 191 250 85.8
LLM3 273 94 178 238 87.6



Table S2. The rate performance of LL, LLM1, LLM2 and LLM3

(mAh·g-1) 0.2C 0.5C 1C 2C 5C 10C

LL 238 210 182 160 133 114
LLM1 238 213 193 170 142 119
LLM2 237 209 190 166 136 108
LLM3 222 196 175 151 113 72

Table S3. Fitted results of EIS using the equivalent circuit in Fig.S4 (a)

LL LLM2
Re(Ω) Rs(Ω) Rct(Ω) Re(Ω) Rs(Ω) Rct(Ω)

after 5 cycles 2.48 7.08 27.28 2.09 19.07 11.42
after 100 cycles 4.35 9.60 113.0 4.33 13.08 22.48
after 200 cycles 5.42 27.80 580.5 3.98 16.14 76.35
after 300 cycles 5.99 45.61 992.8 4.46 19.89 135.6
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