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Figure S1. Crystal structure model of VO2 (B) viewed along the [010] (a), [001] (b), and [100] 

(c) directions; (d) VO6 octahedron which is the building blocks of VO2 (B) crystal structure. 

Discussion: 

VO2 (B) belongs to monoclinic C2/m space group. Its crystal structure is constructed by 

stacking of V4O10 layers, leading to form abundant tunnels. Moreover, Figure S1a shows that 

the interlayer space of (001) is 0.607 nm. 

 



 

 

Figure S2. Characterizations of VO2 (B) synthesized by conventional hydrothermal. (a) XRD 

pattern; (b) SEM image. 

Discussion: 

It can be seen that the XRD pattern of VO2 (B) nanoribbons (Figure 1BI) shows a stronger 

peak intensity and smaller full width at half maximum (FWHM) than that of VO2 (B) 

synthesized by conventional hydrothermal (Figure S2a). This result means that VO2 (B) 

nanoribbons synthesized by HTMM possess a better crystallinity. Furthermore, compared 

with VO2 (B) nanoribbons, the morphology of VO2 (B) synthesized by conventional 

hydrothermal is very irregular and small nanoparticles (Figure S2b). This SEM result also 

means that VO2 (B) nanoribbons synthesized by HTMM possess a better crystallinity, which 

agrees well with the result of XRD. These results reveal well that HTMM can greatly improve 

the crystallinity of products. 

 

 



 

 

Figure S3. Morphology observation of VO2 (B)@C-SLMBs. (a) TEM image; (b) HRTEM 

image.  

 

 



 

 

Figure S4. Morphology evolution of VO2 (B)@C-SLMBs prepared by HTMM at 240 °C for 

different time when the molar ratio of glucose: V2O5 is 1. (a) 10 min; (b) 30 min; (c) 1 h; (d) 6 

h. 

Discussion: 

It can be seen clearly that these nanosheets become larger and larger, and the layer number of 

micro-bundles become more and more with time increasing, which reveals that the growth of 

VO2 (B)@C-SLMBs is the self-assembly process based on the oriented attachment 

mechanism.
1, 2

 

 

 



 

 

Figure S5. XPS spectrums of VO2 (B)@C-SLMBs. (a) Survey XPS spectrum; (b) XPS 

spectrum of core level V 2p. 

Discusion: 

Valence states and bounding types of elements in VO2 (B)@C-SLMBs are further identified 

by XPS. The typical survey XPS spectrum for VO2 (B) is presented in Figure S5a. For the V 

2p spectrum (Figure S5b), the peaks of V 2p3/2 and V 2p1/2 are 516.4 and 523.9 eV, 

corresponding to V
4+

 (516.0 and 524.1 eV).
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Figure S6. TG/DSC curves of VO2 (B)@C-SLMBs, which were conducted under air.



 

 

Figure S7. Nitrogen adsorption-desorption isotherm of low-dimensional VO2 (B) 

nanoribbons. 

 



 

 

Figure S8. CV curves with the first five cycles of (a) VO2 (B)@C-SLMBs and (b) VO2 (B) 

nanoribbons at a scanning rate of 0.5 mV/s in the voltage range from 3.5~1.5 V (vs. Li/Li
+
) 

Discussion: 

Figure S8a shows the CV curves of VO2 (B)@C-SLMBs. A obvious pair of redox peaks occur, 

in which the cathodic peak locates at ~2.69 V, and the anode peak locates at ~2.41 V. 

Importantly, compared with that of VO2 (B) nanoribbons (Figure S8b), the CV curves of VO2 

(B)@C-SLMBs are better overlapped, which also indicates that VO2 (B)@C-SLMBs possess 

the higher reversibility and better capacity retention.4 Furthermore, it can also be observed 

that the CV curves area of VO2 (B)@C-SLMBs is larger than that of VO2 (B) nanoribbons, 

which also suggests that 3D VO2 (B)@C-SLMBs exhibit higher capacity. 

 

 



 

 

Figure S9. Electrochemical measurements of 3D hierarchical porous VO2 (B)@C-SLMBs 

and low-dimensional VO2 (B) nanoribbons. (a) Discharge curves of SLMBs and nanoribbons 

at the current density of 100 mA/g; (b) the second charge-discharge curve of SLMBs and 

nanoribbons at 100 mA/g; (c) long cycling performance of nanoribbons at a large current 

density of 1000 mA/g.  

Discusion: 

Figure S9a shows the discharge patterns of 3D hierarchical porous VO2 (B)@C-SLMBs and 

low-dimensional VO2 (B) nanoribbons. It can be seen that discharge curves of VO2 

(B)@C-SLMBs are well overlapped. However, the discharge capacity of VO2 (B) 

nanoribbons is becoming lower and lower without good overlapped discharge curves. This 

reveals that VO2 (B)@C-SLMBs have the higher reversibility and better capacity retention. 

The overpotential is measured from the difference between charge and discharge potential at 

the half reversible capacity, noted as ΔV(Q/2).
5, 6

 The overpotential of VO2 (B)@C-SLMBs is 

only 135 mV, which is much lower than 357 mV of VO2 (B) nanoribbons (Figure S9b), 

showing higher electrical and ionic conductivity of VO2 (B)@C-SLMBs. Figure S9c shows 

the long-life cycling of VO2 (B) nanoribbons at 1000 mA/g. Its second capacity is 115 mAh/g. 

And, the capacity decreases quickly during the following cycles. After 1000 cycles, the 

capacity of 94 mAh/g can only be kept. 



 

 

Figure S10. Comparison of electrochemical impedance spectroscopy pattern of VO2 

(B)@C-SLMBs and VO2 (B) nanoribbons after long-tern cycling. 

 

 

 



 

Table S1 Comparison of electrochemical performances between the present 3D 

hierarchical porous VO2 (B)@C-SLMBs and other cathode materials for LIBs 

Cathode materials 

Capacity retention at a 

small current (cycle 

number, final capacity) 

Capacity retention at a 

large current (cycle 

number, final capacity) 

Rate capability 
a
 

(recovery ratio 
b
) 

3D hierarchical porous 

VO2 (B)@-SLBMs 

(our work) 

105% at 100 mA/g 

(160, 206 mAh/g) 

104% at 1000 mA/g 

(1000, 142 mAh/g) 

100 mAh/g at 3000 

mA/g  (104%) 

VO2 (B) nanorods7 

49% at 100 mA/g 

(17, 75 mAh/g) 

NA NA 

VO2 (B)@C nanobelts8 

80% at 100 mA/g 

(50, 128 mAh/g) 

NA 

100 mAh/g at 2000 

mA/g  (NA) 

VO2 (B)/C nanobelts9 

70%.6 at 50 mA/g 

(100, 152 mAh/g) 

NA 

138 mAh/g at 1000 

mA/g  (75.7%) 

Nanoscoll buffered 

Hybrid nanostructural 

VO2 (B)6 

85% at 100 mA/g 

(100, 134 mAh/g) 

82% at 1000 mA/g 

(1000, 96 mAh/g) 

98 mAh/g at 2000 

mA/g  (98.7%) 

3D GO-VO2 (B) 

nanosheet flowers10 

60% at 50 mA/g 

(50, 252 mAh/g) 

NA 

102 mAh/g at 5000 

mA/g  (NA) 

micro/nano-structured 

VO2 (B) mesocrystals11 

74% at 150 mA/g 

(50, 190 mAh/g) 

NA 

158 mAh/g at 1500 

mA/g (74%) 

VO2 (B)-rGO 

composites12 

74% at 20 mA/g 

(100, 85 mAh/g) 

NA NA 

VO2 (B) hollow 

microspheres5 

90% at 100 mA/g 

(100, 181 mAh/g) 

73% at 1000 mA/g 

(1000, 104 mAh/g) 

129 mAh/g at 2000 

mA/g  (93%) 

VO2 (B) nanobelts2 83% at 100 mA/g NA 90 mAh/g at 2000 



(100, 121 mAh/g) mA/g  (98%) 

Carbon fiber cloth@ 

VO2 (B)4 

95% at 100 mA/g 

(100, 138 mAh/g) 

90% at 1000 mA/g 

(200, 117 mAh/g) 

91 mAh/g at 2000 

mA/g  (98) 

Cucumber-like 

V2O5/PEDOT&MnO2
13 

93% at 50 mA/g 

(40, 166 mAh/g) 

70% at 100 mA/g 

(200, 110 mAh/g) 

48 mAh/g at 500 

mA/g  (90%) 

Single-crystal LiMn2O4 

nanotubes14 

89% at 15 mA/g 

(8, 105 mAh/g) 

70% at 750 mA/g 

(1500, 70 mAh/g) 

80 mAh/g at 1500 

mA/g  (NA) 

Heterostructure 

LiMn2O4 
15 

85% at 150 mA/g 

(100, 102 mAh/g) 

NA 

88 mAh/g at 1300 

mA/g  (100%) 

Binder-free LiCoO2/C 

nanotubes16 

95% at 14 mA/g 

(50, 144 mAh/g) 

NA 

137.4 mAh/g at 280 

mA/g  (NA) 

Electrospinning 

LiFePO4 nanowires17 

95% at 170 mA/g 

(100, 161 mAh/g) 

NA 

93 mAh/g at 1700 

mA/g  (100%) 

a
 Rate capability in this section refers to the discharge specific capacity delivered at 

the largest current density. 

b
 Recovery rate in this section refers to the ratio of the discharge capacity recovered 

when the current returns back to a small one to the corresponding initial capacity. 
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