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Fig. S1. The specific computational models employed for NTO (a) and F-NTO (b)in

the DFT calculations.
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Fig. S2. XRD patterns of NTO, F1-NTO, F-NTO, and F5-NTO (a), along with their
corresponding enlarged views (b, ¢).

Fig. S3. Rietveld refinement of the XRD patterns for NTO.

S2



Fig. S5. TEM image of F-NTO.

Fig. S6. XPS survey spectra of NTO and F-NTO.
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Fig. S7. Crystal structures of NTO showing the locations of different atoms.
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Fig. S8. Raman spectra of NTO, FI-NTO, F-NTO and F5-NTO.

Fig. S9. The first 10 CV curves of NTO at 0.1 mV s
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Fig. S10. Rate performance of F1-NTO, F-NTO and F5-NTO.
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Fig. S11. Nyquist plots of NTO, F1-NTO, F-NTO and F5-NTO before cycling.
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Fig. S12. Nyquist plots of NTO (a) and F-NTO (b) electrodes before and after 100

cycles.
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Fig. S13. GITT curves (blue) and variations in apparent Na* diffusion coefficients (red)
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of NTO (a), F-NTO (b), F1-NTO (c) and F5-NTO (d).

S6

0

Dy.+(10"'em?s™)

Dy, (10"em?s)



a b :
2
1
< <0
E =
= =1
c <
g g-2
5 5
o o3
Peak 2 —03 —5 -4 Peak 2 —03 —5
—05—8 = ——05 —8
3 —08 10 —08 —10
——1 mvs' -6 —1 mvs?
0.0 0.5 10 15 20 25 0.0 0.5 1.0 15 2.0 25
Voltage (V) ) Voltage (V)
0.8
C |[wvo d F-NTO
< < 04/
T 00 T 04
k) o
5 5
5 £ o0
o [*]
=-0.4 =
@ [
- =
= o041
(=] o
- -
-0.8 ® Peak1 = Peak1
® Peak2 -03 ® Peak2
-08  -0.4 0.0 0.4 0.8 1.2 -08  -0.4 0.0 0.4 0.8 1.2
Log (sweep rate,mV s™) Log (sweep rate, mV s™)
e1 NTO B Diffusion controlled f F-NTO I Diffusion controlled
40 I Capacitive 140 B Capacitive
120 120
2100 2100
- -
§ 80 5 80
= k=
3 -
2 60 2 60
= =
€ €
1 S
S S
20 20

05 08 1 2 5

02 03 05 08 1 2 5 10
Sweep rate (mV s)

Sweep rate (mV s')

Fig. S14. CV curves of NTO (a) and F-NTO (b) at different sweep rates; b values for
anodic and cathodic peaks of NTO (c) and F-NTO (d); diffusion-controlled and
capacitive contributions to Na*storage at different sweep rates for NTO (e) and F-NTO
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Fig. S15. Contour plots of in situ XRD data of NTO during the first cycle.

Fig. S16. Contour plots of in situ XRD data of F-NTO during the first cycle.
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Fig. S17. In situ XRD patterns of NTO and F-NTO during the initial cycle in the
region of the (104) diffraction peak.
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Fig. S18. In situ Raman contour plots of NTO during the first cycle. The left panel
shows the corresponding discharge-charge profile during the first cycle.

Fig. S19. In situ Raman contour plots of F-NTO during the first cycle. The left panel
shows the corresponding discharge-charge profile during the first cycle.
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Fig. S20. In situ Raman contour plots of NTO (a) and F-NTO (b) during the initial
cycle with selected regions of the O3-Nal-O4 and O3-Ti2-O6 peaks.
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Fig. S21. Raman spectra of NTO and F-NTO after 100 cycles.

Fig. S23. FESEM images of NTO (a) and F-NTO (b) after 100 cycles.
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Table S1. Rietveld refinement results of XRD data for NTO, F1-NTO, F-NTO, and

F5-NTO.
Sample a(A) b(A) c(A) Vv (A3)
NTO 8.565 3.802 9.129 291.238
F-NTO 8.574 3.803 9.132 291.764

Table S2. The summarization of peak position and corresponding compounds ratio in

Ti2p.
Peaks Posiii/ons Ratio (%)
(eV) 0s 60 s 120 s
Ti3+2p3/2 456.6 16.1 11.5 8.6
Ti2p1 461.8 8.0 5.7 43
Ti4+2p3/2 458.5 50.6 55.2 29.0
Ti4+2p1/2 464.2 25.3 27.6 58.1

Table S3. The summarization of peak position and corresponding compounds ratio in

Positions Ratio (%)
Peaks
(eV) 0s 60 s 120
C-0 533.5 9.4 9.4 52
Cc=0 531.1 48.8 37.2 28.7
Ti-O 529.3 36.5 483 62.1
Na KLL 535.8 53 51 4.0

Auger
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Table S4. The summarization of peak position and corresponding compounds ratio in
Fls.

o Ratio (%)
Peaks Positions
(eV) 0s 60 s 120's
Ti-F 684.9 66.7 100 100
NaF 684 333 - -

Table S5. Experimental Raman shift assignments of NTO and F-NTO.

Exp. (cm 1) Exp. (cm 1)
Assignment Assignment
NTO F-NTO NTO F-NTO
85 85 aNal 319 319 0,04-Til1-05
107 107 aNa2, Ti2 345 345 0,04-Til-05
121 121 aNa2 387 387 0,06-Ti3-07
142 142 p02-Ti2-03 401 401 v;04-Ti2-05
156 156 aNa2 450 450 005-Til-O4
174 174 aNa2 489 489 v,Ti2-06
181 181 104-Ti2-05 506 506 vTil-O7
202 202 101-Ti3-02 588 588 v, Ti1-O7
230 230 d,Nal-O3 655 655 v,Ti2-010
261 261 tTil-O1-Ti3 684 684 0,04-Til-01
280 280 105-Ti2-06 742 742 v,01-Ti1-04
284 284 ®03-Ti2-04 848 848 vTil-O4
304 304 ®02-Ti2-06 885 885 v;03-Ti2-05

Note: v for bond stretching, ¢ for deformation, w for wagging, o for scissoring, z for
twisting, p for rocking, and o for a complex lattice mode. The s and a subscripts
denote symmetric and antisymmetric movements, respectively.
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Table S6. The fitted values of R, and R.; of NTO, F1-NTO, F-NTO and F5-NTO
using the equivalent circuit model.

Initial After 100 cycles
Sample
Rs (Q) Rct (Q) Rs (Q) Rct (Q)
NTO 3.0 43.5 2.5 70.8
FI-NTO 3.8 353 - -
F-NTO 1.9 13.9 4.0 323
F5-NTO 23 33.2 - -

Table S7. Diffusion coefficients of Na* of NTO, F1-NTO, F-NTO and F5-NTO.

D nar (x10712 cm? S) Discharge Charge
NTO 1.23 1.43
F1-NTO 2.10 1.71
F-NTO 3.33 3.19
F5-NTO 2.86 2.98

Table S8. The summarization of peak position and corresponding compounds ratio in
Cls after 100 cycles.

Ratio (%)

Peaks PO(S;%’“S NTO F-NTO
0s 60 s 120 s 0s 60 s 120 s
0—C=0 289.5 70 149 140 10 42 35
RCH>F 288.6 174 178 126 107 00 00
C= 287.8 130 133 168 88 109 10
C—0 286 44 108 135 94 161 106
Cc—C 284.6 523 351 343 381 470 516
C—Ti 282.7 590 81 88 320 218 242

Table S9. The summarization of peak position and corresponding compounds ratio in
Ols after 100 cycles.
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Ratio (%)

Positions

Peak NT F-NT
eaks (eV) O O
0s 60 s 120 s 0s 60s 120 s
Na KLL 535.8 25.5 21.1 20.8 11.0 15.8 17.3
Aguer
C—-0O 533.5 14.0 19.5 19.3 28.6 24.6 23.1
C=0 531.1 47.2 35.6 32.0 19.5 21.6 24.1
Ti—O 529.6 13.3 23.8 27.9 40.9 37.9 35.5

Table S10. The summarization of peak position and corresponding compounds ratio
in F1s after 100 cycles.

Ratio (%)
Peaks PO(Seis‘)’ns NTO F-NTO
0s 60 s 120 s 0s 60 s 120 s
F-P 687.3 46.5 6.4 4.8 12.9 - -
Ti-F 684.9 - - - 23.9 18.4 18.6
NaF 683.7 53.5 93.6 95.2 63.2 81.6 81.4

Table S11. The summarization of peak position and corresponding compounds ratio
in Ti2p after 100 cycles.

Ratio (%)
Peaks PO(S?;)’HS NTO F-NTO

0s 60 s 120 s 0s 60 s 120's
Ti2psp 453.7 37.7 27.5 26.1 - - -
Ti2pin 459.8 18.8 13.8 13.1 - - -
Ti**2ps, 456.6 29.0 39.2 40.5 57.1 43.6 36.9
Ti**2pip 461.8 14.5 19.6 20.3 28.5 21.8 18.4
Ti*2psp 458.5 - - - 9.6 23.1 29.8

Ti**2pi; 464.2 - - - 4.8 11.5 14.9
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