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Theoretical capacity calculation of P-Co3O4/TiO2 NSs 

The ICP results show the mass percent of Co and Ti are ∼70.35% and 2.50% in P-Co3O4/TiO2 NSs. The delithiation 

process can be described as: 

 

The theoretical capacity of P-Co3O4/TiO2 NSs can be calculated by the following equations: 

 

Where F is the Faraday’s constant, n is the valence charge, T is the time (in seconds), and Mw is the atomic mass. The 

calculated theoretical capacity of P-Co3O4/TiO2 NSs is 866.3 mAh g-1. 
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Fig. S1 (a, b) The SEM images of precursor. 
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Fig. S2 The XRD pattern of precursor. 
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Fig. S3 The SEM images of the samples prepared under different urea content: (a, b) 0 g; (c, d) 0.25 g; (e, f) 0.5 g; (g, h) 0.75 

g. 
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Fig. S4 (a, b) The SEM images of P-Co3O4 NSs. 
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Fig. S5 (a, b) The SEM images of Co3O4 NSs. 
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Fig. S6 (a, b) The TEM images of P-Co3O4/TiO2 NSs, (c) the distribution of the pores size obtained by statistical analysis of 

the TEM images. 
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Fig. S7  Nitrogen adsorption/desorption isotherms and corresponding BJH pore size distributions (inset) of (a) P-Co3O4/TiO2 

NSs, (b) P-Co3O4 and (c) Co3O4. 
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Fig. S8 (a, b) TEM images of P-Co3O4 NSs, (c) HRTEM image of P-Co3O4 NSs. 
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Fig. S9 (a, b) The CV curves of P-Co3O4 NSs and Co3O4 NSs in the first three cycles at a scan rate of 0.5 mV s-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

12 

 

 

Fig. S10 (a, b, c) The charge/discharge profiles of P-Co3O4/TiO2 NSs, P-Co3O4 NSs and Co3O4 NSs at a current density of 

0.2 A g-1. 
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Fig. S11 The SEM images of the three electrodes after 200 cycles: (a, b) P-Co3O4/TiO2 NSs, (c, d) P-Co3O4 NSs, (e, f) Co3O4 

NSs.  
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Table S1 Performance comparison between P-Co3O4/TiO2 NSs and previously reported Co3O4 nanosheets 

LIB anode material Current density  

(mA g-1) 

Cycle number Capacity  

(mAh g-1 ) 

Porous Co3O4 nanoplates1 200 50 755  

Co3O4 ultrathin porous nanosheets2  200 50 1053 

Mesoporous Co3O4 nanosheet arrays3 1000 500 840 

Co3O4–graphene sheet-on-sheet nanocomposite4 100 30 1065 

2D holey Co3O4 nanosheets5 1000 200 1000  

Three-dimensionally scaffolded Co3O4 nanosheet6 500 50 726 

Mesoporous Co3O4 nanosheet/N-doped RGO7 80 50 1101 

Porous Co3O4 nanoplates 8 200 80 1001 

Co3O4 nanobelts9 1000 60 614  

Self-stacked Co3O4 nanosheets10 178 50 1070 

Mesoporous hexagonal Co3O4
11 1000 100 689 

Ultrathin hexagonal Co3O4 nanosheets12 100 100 1007 

This work 200 200 1167  

This work 2000 1600 801 
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Fig. S12 (a, b) The SEM images of P-Co3O4/TiO2 NSs, (c, d) the EDS result of P-Co3O4/TiO2 NSs. 

The SEM images of P-Co3O4/TiO2 NSs are presented in Fig. S12a, b, which show a porous structure. The element 

contents of sample are analyzed by EDS (Fig. S12c, d), which shows the mass percent of Ti element is approximate to 2.34% 

in the P-Co3O4/TiO2 NSs. The result of ICP shows the mass percent of Co and Ti is ∼70.35.00% and 2.50%. 
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Fig. S13 Cycling performance of P-Co3O4/TiO2-0.25 NSs, P-Co3O4/TiO2 NSs, P-Co3O4/TiO2-0.75 NSs and P-Co3O4/TiO2-

1.0 NSs at a current density of 1 A g-1. 
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Fig. S14 (a, b) The SEM images of P-Co3O4/TiO2-0.75 NSs, (c, d) the EDS result of P-Co3O4/TiO2-0.75 NSs. 

The SEM images of P-Co3O4/TiO2-0.75 NSs are presented in Fig. S14a, b. When 0.75 ml titanium isopropanol is added, 

the morphology of P-Co3O4/TiO2-0.75 NSs is similar to that of P-Co3O4/TiO2 NSs, In addition, the element contents of 

sample are analyzed by EDS (Fig. S14c, d). The result shows the mass percent of Ti element is approximate to 3.02% in the 

P-Co3O4/TiO2 -0.75 NSs. 
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Fig. S15 (a, b) The SEM images of P-Co3O4/TiO2-1.00 NSs, (c, d) the EDS result of P-Co3O4/TiO2-1.00 NSs. 

The SEM images of P-Co3O4/TiO2-1.00 NSs are presented in Fig. S15a, b. When 1.00 ml titanium isopropanol is added, 

the omorphology of P-Co3O4/TiO2-1.00 NSs is similar to that of P-Co3O4/TiO2 NSs, In addition, the element contents of 

sample are analyzed by EDS (Fig. S15c, d). The result shows the mass percent of Ti element is approximate to 4.61% in the 

P-Co3O4/TiO2 -1.00 NSs. 
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Fig. S16 (a, b) The SEM images of P-Co3O4/TiO2-0.25 NSs, (c, d) the EDS result of P-Co3O4/TiO2-0.25 NSs. 

The SEM images of P-Co3O4/TiO2-0.25 NSs are presented in Fig. S16a, b. When 0.25 ml titanium isopropanol is added, 

the morphology of P-Co3O4/TiO2-0.25 NSs is similar to that of P-Co3O4/TiO2 NSs, In addition, the element contents of 

sample are analyzed by EDS (Fig. S16c, d). The results shows the mass percent of Ti element is approximate to 1.18% in the 

P-Co3O4/TiO2 -0.25 NSs.  
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Fig. S17 Electrochemical measurement of electrodes made of the as-formed P-Co3O4/TiO2 NSs, P-Co3O4 NSs and Co3O4 

NSs, (a) Nyquist plots after 200 cycles, (b) The relationship between Zre and ω-1/2 in the low frequency region. 

The diffusion coefficient (D) of Li-ion can be calculated according to the following equation.[13] 

 

Herein, R is the gas constant, A is the surface area, T is the absolute temperature, n is the number of electron per molecule 

oxidized, C is the concentration of Li-ion, F is the Faraday constant, σ is the Warburg impedance coefficient which is related 

to Zre, ω is the angular frequency in the low frequency region, RD and RL are the diffusion resistance and liquid resistance, 

respectively. The slopes of the fitting curve in Figure S17b are Warburg impedance coefficient σ. It is shown that the 

Warburg impedance coefficient of P-Co3O4/TiO2 NSs, P-Co3O4 NSs and Co3O4 NSs are 5.19, 15.81 and 22.41 Ω cm2 s-1/2, 

respectively. According to equation 2, the D value of P-Co3O4/TiO2 NSs is higher than P-Co3O4 NSs and Co3O4 NSs, 

indicating that p-n junction is benefit to accelerate the Li-ion diffusion. 

 

 

 

 

 

 

 



  

21 

 

 

Fig. S18 The charge/discharge profiles of full cell (anode: P-Co3O4/TiO2 NSs//cathode: commercial LiNiCoMnO2) at a 

current density of 0.1 A g−1. 
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