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Fig. S1. N2 adsorption isotherms distributions of the NTO HS and F-NTO HS samples.
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Fig. S2. EDS spectrum and corresponding element contents (inset) of F-NTO HS.
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Fig. S3. CV curves collected under different scan rates (a). Regression relationship 

between log(scan rate) and log(peak current) (b). Capacitive and diffusion contributions 

of F-NTO HS at 0.6 mV s−1 (c). Normalized ratio of diffusion and capacitances under 

different scan rates (d).
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Fig. S4. Discharge-charge GITT curves after relaxation for 30 minutes at 0.1 A g−1 of 

NTO, NTO HS and F-NTO HS (a). E versus t profile of the F-NTO HS electrode for a 

single GITT during discharge process, which is composed of 30 min. galvanostatic 

charge (pluse) at 0.1 A g−1, followed by 30 min. relaxation. The iR drop is shown along 

with the ΔEτ and ΔEs (b). The corresponding Na+ diffusion coefficient (DNa
+) (c).

The Na+ diffusion coefficient can be obtained by the following equation:

    (1)
𝐷=

4
𝜋𝜏(𝑚𝑉𝑚𝑀𝐴 )2(∆𝐸𝑠∆𝐸𝜏)2

Where τ is the relaxation time (s), m refers to the mass of active materials, A stands for 
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the geometric area of electrode. Vm and M mean the molar volume and molar mass of 

active materials, respectively. ΔEs corresponds to quasi‑thermodynamic equilibrium 

voltage change before and after the current pulse. ΔEτ means the potential change 

during the current pulse.

Fig. S5. SEM images of NTO HS (a), NTO HS (b) and F-NTO HS (c) anodes after 50 

cycles.

Table S1. Electrochemical performances for the as-synthesized electrodes.
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Performance F-NTO HS NTO HS NTO BS

1C 281.3 233.5 154

2C 237.2 197.3 125.8

5C 201.1 170.0 111.8

10C 180.2 155.4 103.4

20C 166.3 145.8 82.6

30C 155.5 135.9 71.8

40C 145.5 122.4 64.7

Rate capability

/ mAh g−1

50C 135.6 115.3 60.8

1000 cycles 67.5 44.3 24.9Long-term cycling Stability
/ % 11000 cycles 87.29 47.13 0

Table S2. Electrochemical performance comparison of Na2Ti3O7-based materials.2-24

material
Cycling capacity 

(mAh g−1)
Cycle number

current density 

(mA g−1)
Ref.

3D Microflowers NTO 100.1 1000 200 1

Hollow NTO 99.7 2000 5000 2

Red blood cell-like NTO@C 75.5 1000 3540 3

NTO@C 62.5 200 500 4

Layered NTO 131.4 1000 1000 5

3D NTO Nanosheet 135.5 1000 1000 6

NTO nanofibre 162.4 1000 708 7

NTO 42 90 1600 8

Layered NTO 181.5 100 600 9

NTO@C 187.2 100 177 10

N-NTO@C 88.9 1555 100 11

NTO@rGO 137.4 500 100 12

NTO 119.2 100 100 13



7

NTO Nanotube 84.5 10000 1770 14

NTO@C-BP 143.5 400 200 15

NTO 140.0 500 885 16

Double-Shell S-NTO 105.0 12000 8850 17

NTO nanotube/g-C3N4/ graphene 104.8 300 2000 18

NTO nanotube 60.5 500 400 19

Fe3O4@Na2Ti3O7 172.4 1000 885 20

NTO@N-Doped Carbon 72.9 1000 8850 21

3D NTO 62.6 100 1000 22

This work 138.8 11000 8850 /

Table S3. Fitting Results of EIS Data for as-synthesized electrodes.

NTO HS F-NTO HS
Cycle number

Rsf / Ω DNa+ / cm2 s−1 Rsf / Ω DNa+/ cm2 s−1

1st 50.4 0.78×10−10 42.3 1.88×10−10

25th 132.5 0.40×10−10 73.8 1.76×10−10

50th 190.2 0.19×10−10 108.4 1.82×10−10

75th 290.4 0.11×10−10 145.6 1.95×10−10

100th 389.9 0.07×10−10 176.7 1.81×10−10

Table S4. Bader charge analysis of Ti.
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NTO NTO-F

ion NO.
Charge/e

-
dmin/nm Volume/Å3 Charge/e- dmin/nm Volume/Å3

1 2.102393 0.800657 7.829199 2.190750 0.905757 8.102746

2 2.102393 0.800657 7.829199 2.190750 0.905757 8.102746

3 2.080788 0.842283 7.761505 2.187370 0.838958 8.094408

4 2.080788 0.842283 7.761505 2.187370 0.838958 8.094408

5 2.102394 0.800657 7.829199 2.120253 0.807463 7.949695

6 2.102394 0.800657 7.829199 2.120253 0.807463 7.949695

7 2.091610 0.816787 7.932239 2.099675 0.807544 8.039024

8 2.091610 0.816787 7.932239 2.099675 0.807544 8.039024

9 2.091610 0.816787 7.932239 2.104626 0.811921 7.950886

10 2.091610 0.816787 7.932239 2.104626 0.811921 7.950886

11 2.080788 0.842283 7.761505 2.085374 0.85661 7.765677

Ti

12 2.080788 0.842283 7.761505 2.085374 0.85661 7.765677

TiO2: +4   ～2.054     NaTi2O4: +3.5   ～2.179     NaTiO2: +3   ～2.340

Table S5. Experimental and calculated diffusion coefficients for NTO and NTO-F
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Direction Path Sample
Energy 

barrier/eV

Diffusion 

coefficient 

/cm2 s-1

Sample
Energy 

barrier/eV

Diffusion 

coefficient 

/cm2 s-1

Exp. - - NTO - 1.0910−1 NTO-F - 4.2710−10

Path 1 0.24 1.5610−7 0.32 7.2210−9

Path 2 - - 0.33 4.9110−9

Path 3 0.20 7.3010−7 0.25 1.0710−7

b

Path 4

NTO

- -

NTO-F

0.28 3.3710−8

a Path 1 NTO 2.4 1.3010−35 NTO-F 2.8 2.7210−42

Path 1 0.49 1.0410−11 0.41 2.2710−10

Path 2 0.31 1.0710−8 0.41 2.2710−10

Path 3 0.26 7.2610−8 0.24 1.5710−7

Cal.

c

Path 4

NTO

0.17 2.3110−6

NTO-F

0.22 3.3910−7
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Fig. S6. Different sites of O in NTO-F (a). Energy of different configurations (b) and 

crystal structure of the most stable configuration for the NTO-F (c).

Fig. S7. Tauc plot of the NTO HS and F-NTO HS.
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Fig. S8. The b-axis direction of NTO-F (a). Energy barriers of Na+ for different 

diffusion paths (b).

Fig. S9. The a-axis direction of NTO-F (a). Energy barriers of Na+ for diffusion paths 

(b).
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