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Figure S1. (a) TG/DSC analysis of the TiO2-δ, TiO2-200 and TiO2-400, (b) Survey scan of 

XPS of TiO2-δ. 

   The TiO2-δ sample used for TG/DSC test contains some content of photoresist and 

the TG/DSC was carried out under O2 atmosphere at a temperature ramping rate of 

5 °C min
-1

. The XPS spectrum demonstrates the existence of large amount of 

photoresist in the TiO2-δ sample (Figure S1b). As for the TiO2-δ, the first small weight 

loss from 80 to 140 °C may be originated from the desorption of physically absorbed 

water. Then a gently weight gain (3.2%) can be observed from 150 to 290 °C 

accompanying with a weak and broad exothermic peak around 240 °C, corresponding 

to the oxidation of the TiO2-δ with oxygen deficiency. Another sharp exothermic peak 

around 306 °C with no weight loss corresponds to the phase transition from 

amorphous to the tetragonal anatase structure.
1
 Subsequently, a big weight loss 

(42.897%) can be observed from 300 to 550 °C, corresponding to the thermal 

decomposition of photoresist. If we exclude the mass of photoresist, the minimum 

amount of oxygen deficiencies in TiO2-δ is calculated to be 5.31%. As for TiO2-200, 

which is obtained by annealing the TiO2-δ at 200 °C for 6 h, the TG plot does not 

show weight gain from 150 to 300 °C, indicating that nearly no Ti
3+

 and oxygen 

deficiency exist in this sample, consistent with the XPS result in Figure 2c. Also, the 

weak exothermic peak around 306 °C corresponds to the phase transition from 

amorphous to the tetragonal anatase structure, and the weight loss from 300 to 

550 °C corresponds to the thermal decomposition of photoresist. Because the 

photoresist starts to decompose from 300 °C, it is fully preserved in the TiO2-200 

sample. Therefore, from the TG plots of TiO2-δ and TiO2-200, the amount of oxygen 

deficiencies in TiO2-δ can be estimated to be 7.66%. So the oxygen deficiency of the 

TiO2-δ should be 5.31%-7.66%. As for TiO2-400 (anatase phase), no phase transition 

at 306 °C is observed, but the weight loss from 400 to 550 °C is visible, 

corresponding to the thermal decomposition of residual photoresist. 
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Figure S2. Survey scan of XPS of TiO2-δ, TiO2-200 and TiO2-400. 
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Figure S3. Low magnification SEM image of TiO2-δ. 
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Figure S4. TEM images of the TiO2-δ: (a) focused image, (b) over-focused image. 
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Figure S5. SEM elemental mapping images: (a) SEM image, (b) C, (c) Ti, (d) O. The carbon 

signals are from the conducting resin substrate. 
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Figure S6. STEM-EDS elemental mapping images: TiO2-δ (a-d), TiO2-200 (e-h) and TiO2-400 

(i-l). 
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Figure S7. (a) Electrochemical impedance spectroscopy over the frequency range from 100 

kHz to 10 mHz, (b) the relationship between Zre and ω
-1/2

 within frequency of 0.1-0.01 Hz. 

    In the Nyquist plots, the inclined line in low frequency region represents the 

Warburg impedance associated with Li
+
 diffusion in the solid phase. The Warburg 

coefficient σ, which is inversely proportional to D
1/2

 (D∝1/σ
2
), is defined as the slope 

of the fitting line of the relationship between Zre and ω
-1/2

 (Zre∝σω
-1/2

) within 0.1~0.01 

Hz.
2
 We can observe that the slope of TiO2-δ and TiO2-200 is smaller than that of the 

TiO2-400, indicating the amorphous TiO2 is more favorable for Li diffusion in 

comparison with crystalline TiO2. 



9 

 

 

Figure S8. Ex situ SEM images of the TiO2-δ nanomembranes after 100 cycles at 1C: (a) low 

magnification SEM image, (b) high magnification SEM image, exhibiting clear multi-

windings with no appreciable structural damage.  
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Figure S9 (a) The b-value determinations at different potentials for anodic sweep, (b) the 

peak current of TiO2-400 versus square root of sweep rate (b=0.5). 
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Figure S10. Capacitive (red) and diffusion-controlled (blue) contribution to the total charge 

storage at 1 mV s-1: TiO2-200 (a) and TiO2-400 (c). Normalized contribution ratio of 

capacitive (red) and diffusion-controlled (blue) capacities at different rates: TiO2-200 (b) and 

TiO2-400 (d). The ratios of Li-ion capacitive contribution can be further quantitatively 

quantified by separating the current response i at a fixed potential V into capacitive effects 

(proportional to the scan rate ν) and diffusion-controlled reactions (k2ν
1/2

), according to:
3, 4

 

I(V) = k1ν + k2ν
1/2, where ν is the sweep rate. By determining both k1 and k2 constants, we can 

distinguish the fraction of the current from surface capacitance and Li semi-infinite linear 

diffusion. 
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Figure S11. Cycling performances of TiO2-δ and TiO2-δ/Ti nanomembranes at the rate of 1C. 
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Figure S12. (a) Nyquist plots of TiO2-δ and TiO2-δ/Ti over the frequency range from 100 kHz 

to 10 mHz, (b) the relationship between Zre and ω
-1/2

 within frequency of 0.1-0.01 Hz. 
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Table S1. Comparison of lithium storage capacity of various TiO2-based materials. Note that, 

to date, most of the successful TiO2 nanostructures were chemically synthesized by 

hydro/solvothermal methods. 

TiO2 materials 
Electrochemical 

performance 
Ref. 

Ti
3+

 Self-Doped TiO2 
1 C: 200 mAh g

-1
; 

5000 cycles (10 C) 
This work 

Anatase@Oxynitride/Titanium Nitride-GS 1 C: 166 mAh g-1 5 

Nanoporous Anatase TiO2 1 C: 190 mAh g
-1

 6 

Anatase TiO2 Hollow Spheres 1 C: 147.6 mAh g-1 7 

Anatase TiO2 Quantum-Dot/Graphene- 

Nanosheet 
1 C: 190 mAh g

-1
 8 

Rutile TiO2 Submicroboxes 1 C: 188 mAh g
-1

 9 

Faceted TiO2 Crystals 1 C: 141.2 mAh g-1 10 

Mesoporous TiO2 hollow spheres 1 C: 175 mAh g
-1

 11 

Mesoporous TiO2 Nanowire Bundles 1 C: 188 mAh g-1 12 

TiO2 microboxes 1 C: 187 mAh g
-1

 13 
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