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Figure S1. X-ray computed tomography analysis of the Ti foam. a) A reconstructed 3D tomogram 

with dark regions representing low-density materials (i.e., pore space) and bright regions 

signifying higher-density materials (Ti metal). b) A segmented tomogram with green and black 

colored regions representing Ti metal and pore space respectively. c) A covering radius transform 

(CRT) image with grey color scale proportional to the sphere radius. d) Pore size distribution 

estimated by CRT method.  
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Figure S2. SEM images of a section of Ti foam after anodization in a) lower and b) higher 

magnifications. SEM image showing self-supported TiOx NTs on the c) outer and d) inner surface 

of the Ti foam. e) TEM image of a-TiOx NTs. f) SAED of c-TiOx NTs with the first four diffraction 

rings being indexed to corresponding crystal planes of anatase TiO2 (I41/amd). 
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Figure S3. Per-area electrochemical performance of the a-TiOx and c-TiOx electrodes. Rate 

capability a), cycling stability and coulombic efficiencies b) of the a-TiOx and c-TiOx electrodes. 
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Figure S4. Charge storage mechanism analysis of the c-TiOx electrode. a) Separation of the 

capacitive and diffusion current in the c-TiOx electrode at scan rates of 0.05 (bottom) and 1 mV s-

1 (top), respectively. b) Example determination of capacitive and diffusion relative contributions 

from the slope and intercept of fitted line for the c-TiOx electrode at a potential of 2 V. 
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Figure S5. Coefficients of determination (R-square values) showing the goodness of fitting to the 

measured PITT data using the mixed-controlled insertion model for the a-TiOx and c-TiOx 

electrodes. 

The goodness of fit using Montella’s mixed-controlled insertion model was evaluated using an 

R-square analysis and R-square values >0.99 were attained by the fitting of a-TiOx current 

transients at most potentials. The fit for the c-TiOx electrode in overall represented the measured 

data less accurately. The calculated R-square values for the c-TiOx electrode were comparable to 

the a-TiOx electrode at potentials <2.25 V; however lower values (0.8-0.97) were obtained at 

potentials >2.25 V. In this potential range, the storage capacity of Li+ in c-TiOx due to charge-

transfer reactions is relatively small resulting in the current responses to potential steps in this 

potential range being more affected by the EDL current and less accurately described by the 

Montella’s model. Additionally, fitting inaccuracy may also arise from the data acquisition 
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instrument which was limited by its accuracy in measuring the very low current values in the long-

time domain.  
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Figure S6. a) Ti 2p core-level XPS spectra and b) O 1s core-level XPS spectra of the a-TiOx and 

c-TiOx NT electrodes. 

Figure S6b compares the O 1s core-level spectra between the a-TiOx and c-TiOx electrodes. Both 

electrodes exhibited a main peak at ~ 529.9 eV, corresponding to the characteristic peak of lattice 

oxygen in TiO2.
1 Additional two peaks at ~ 531.6 eV and ~ 532.7 eV were evident in the spectra 

of both electrodes, which have been observed previously for TiO2 films in the literature and were 

attributed respectively to bridging hydroxyls (Ti-OH) and physisorbed molecular water (H2O) on 

TiO2 surface.2-3 A considerable content of physisorbed water was found on the surface of both 

electrodes possibly due to the electrodes being exposed to the air ambient before the XPS 

measurement. The Ti-OH peak density of a-TiOx was relatively higher than that of c-TiOx, 

indicating the amount of hydroxyl groups on the a-TiOx surface was reduced after thermal 

annealing at 400 °C. 
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Table S1. Comparison of per-weight electrochemical performance between the a-TiOx/Ti foam 

electrode in this study and other TiOx NT electrodes in the literature. The 1 C value was defined 

as 168 mA g-1 corresponding to 1 hour charge/discharge current of a theoretical capacity of 168 

mAh g-1 which assumes a stoichiometry of 0.5 Li per TiO2 formula unit. 

Electrodes 
Tube length 

(µm) 

Wall 

thickness 

(nm) 

Capacity (mAh g-1) 
Cycling 

lifetime 

Capacity 

retention 
Ref. 

low rate high rate 

a-TiOx/ 

Ti foam 
2.4 30 

135 77 
2000 92% This work (0.125 C) (12.5 C) 

c-TiOx/ 

Ti foam 
2.3 30 

102 28 
2000 80% This work (0.125 C) (12.5 C) 

a-TiOx/ 

Ti foil 
1.0 / 

229 123 
100 ~ 96% 4 (6 C) (298 C) 

a-TiOx/ 

Ti foil 
0.35 17 

230 
/ 200 78% 5 

(0.3 C) 

a-TiOx/ 

Ti foil 
6.0 15 

275 80 
2100 50% 6 (1.2 C) (96 C) 

a-TiOx/ 

Ti foil 
0.2 – 7.8 / 

180 130 
30 / 7 (0.25 C) (5 C) 

a-TiOx/ 

Ti foil 
/ / 

271 135 
600 ~ 95% 8 (0.3 C) (101 C) 

c-TiOx/ 

Ti foil 
1.0 / 

108 30 
100 / 4 (6 C) (89 C) 

c-TiOx/ 

Ti foil 
1.7 12 

190 50 
/ / 9 (0.25 C) (5C) 

c-TiOx/ 

Ti foil 
/ / 

165-210 30 
50 76% 10 (0.15 C) (3 C) 

c-TiOx/ 

Ti disc 
1.5 10 

172 38 
320 / 11 (0.05 C) (50 C) 
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Table S2. Comparison of per-area electrochemical performance between the a-TiOx/Ti foam 

electrode in this study and other TiOx NT electrodes in the literature. 

Electrodes 

Tube 

length 

(µm) 

Wall 

thickness 

(nm) 

Capacity (µAh cm-2) 
Cycling 

lifetime 

Capacity 

retention 
Ref. 

low rate high rate 

a-TiOx/ 

Ti foam 
2.4 30 

324 182 
2000 92% This work (50 µA cm-2) (5 mA cm-2) 

c-TiOx/ 

Ti foam 
2.3 30 

246 66 
2000 80% This work (50 µA cm-2) (5 mA cm-2) 

a-TiOx/ 

Ti foam 
1.5 / 

103 83 
100 100% 12 (10 µA cm-2) (0.5 mA cm-2) 

a-TiOx/ 

Ti foil 
0.92 20 

77 44 
50 71% 13 (5 µA cm-2) (0.1 mA cm-2) 

a-TiOx/ 

Ti disc 
> 15 µm 16 

815-200 (1st - 450th cycle) 
450 25% 14 

(0.5 mA cm-2) 

c-TiOx/ 

Ti foil 
0.92 20 

68 30 
50 71% 13 (5 µA cm-2) (0.1 mA cm-2) 

c-TiOx/ 

Ti disc 
26 / 

200 115 
100 88% 15 (10 µA cm-2) (0.4 mA cm-2) 
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Table S3. Fitted parameters for the EIS equivalent circuit model. 

Electrodes RΩ  Rct 

CPE Zw 

Cint D Q α Rd τd 

  ohm ohm F sα-1   ohm s F cm2 s-1 

a-TiOx 7 29 1.1 × 10-4 0.747 146 108 1.02 2.1 × 10-14 

c-TiOx 5 78 4.0 ×10-5 0.798 6641 7847 0.14 2.9 ×10-16 
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