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1. Experimental Section

1.1 Synthesis of Materials

N-NTO NTAs was synthesized via a combination of hydrothermal reaction and NHj-assisted
calcination. Typically, a piece of Ti foil (2 cm x 4 cm) was cleaned with deionized water,
acetone and ethanol subsequently under sonication. To prepare the hydrothermal solution, 1.6
g of sodium hydroxide was dissolved into 40 mL of deionized water by magnetic stirring for
10 min. Afterwards, the solution was transferred into a 50 mL Teflon-lined stainless-steel
autoclave, and the cleaned Ti foil was immersed into the solution. The autoclave was then
sealed and kept in a preheated oven at 220 °C for 10 h. After cooling down naturally to ambient
temperature, NTO NTAs was collected by rinsing with water and ethanol several times and
further drying in a vacuum oven at 60 °C overnight. Finally, the precursor NTO NTAs was
moved to a combustion boat, which was loaded in a tube furnace and annealed in NH5/Ar (5:95
by volume) atmosphere at 500 °C for 2 h with a ramp rate of 2 °C min~!. For comparison, A-
NTO NTAs was prepared through the same thermal treatment of precursor NTO NTAs except
for the pure Ar atmosphere. The mass loading of Na,Ti;O; is about 0.8 mg cm™ for both N-
NTO NTAs and A-NTO NTAs, which is calculated by the mass difference between the
resultant N-NTO NTAs/A-NTO NTAs and the underlying substrate. Briefly, the mass of as-
prepared N-NTO NTAs/A-NTO NTAs (M) can be determined by direct weighting on an
analytical balance. Then, the Na,Ti;0; nanoarrays can be removed via scraping using a scalpel
to give the underlying substrate, whereby the mass of Ti substrate (m) can also be read on the
analytical balance. In this way, the mass loading can be evaluated as (M — m)/2xA, where A is

the geometric area of N-NTO NTAs/A-NTO NTAs.

1.2 Material Characterizations

Characterizations were carried out employing field emission scanning electron microscope
(SEM, FEI Quanta 450 FEG), scanning transmission electron microscope (S/TEM, Tecnai G?
F30) with high-angle annular dark-field (HADDF) detector and X-ray energy dispersive
spectroscopy (EDS), X-ray powder diffraction (XRD, Rigaku MiniFlex 600 X-ray
diffractometer, Cu Ka radiation), Raman (iHR550 spectrometer, 532-nm laser wavelength) and

X-ray photoelectron spectroscopy (XPS, ESCALab250 XPS spectrometer).

1.3 Electrochemical Measurements
Electrochemical measurements were conducted by assembling 2032 type coin cells in an Ar-

filled glovebox (MBRAUN). To be specific, as-obtained N-NTO NTAs and A-NTO NTAs
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were scraped off from one side of Ti substrate and cut into small pieces (1 cm % 1 cm). The
resulting N-NTO NTAs and A-NTO NTAs pieces with exposed Ti substrate on the other side
were used directly as the working electrode. Before assembling the coin cells, the working
electrode was dried in a vacuum oven at 120 °C for 6 h. Pure Na foil was used as the counter
electrode, and borosilicate glass microfiber (GF/D, Whatman) was employed as the separator.
The electrolyte consisted of 1.0 M NaClO, in a mixed solution of ethylene carbonate and diethyl
carbonate (1:1 by volume). All the assembled coin cells were rested overnight prior to
electrochemical tests. Galvanostatic discharge/charge tests were performed on a Land
CT2001A battery tester (China) in the voltage range of 0.01-2.5 V vs. Na*/Na. A CHI 760D
electrochemical workstation (USA) was adopted to carry out cyclic voltammogram and
electrochemical impedance spectroscopy (EIS) analyses. The EIS was recorded in a frequency
range from 100 kHz to 10 mHz with an amplitude of 5 mV. All the tests were conducted at

room temperature.
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2. Supplementary Figures

(a—d) SEM images of NTO NTAs under different magnifications.

Figure S1.
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Figure S2. Low-magnification SEM image of N-NTO NTAs.

Figure S3. Low-magnification SEM image of A-NTO NTAs.
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Figure S4. XRD pattern of Ti foil along with standard XRD pattern of Ti and Ti,O; for

reference. The Ti,O7 species should be attributed to the titanium surface oxidation in the air.
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Figure S5. XRD pattern of NTO NTAs along with standard XRD pattern of Na,Ti3;0; and Ti

for reference.
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Figure S6. Survey XPS spectrum of N-NTO NTAs.
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Figure S7. High-resolution XPS spectrum of N-NTO NTAs in the region of N 1s.
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Figure S8. Survey XPS spectrum of A-NTO NTAs.
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Figure S9. Galvanostatic discharge-charge profiles at different rates for (a) N-NTO NTAs and
(b) A-NTO NTAs.
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Figure S10. CV curves of N-NTO NTAs at different scan rates from 0.1 to 10 mV s7.
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Figure S11. (a) CV curves of A-NTO NTAs at different scan rates from 0.1 to 10 mV s7!, and

(b) corresponding capacity contribution ratios to the total capacity.
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Figure S12. Coulombic efficiency of A-NTO NTAs during the prolonged cycling test.
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Figure S13. The linear fitting between the real part of impedance (Z’) and the inverse square

root of angular frequency (w'?) in the low frequency region for (a) N-NTO NTAs and (b) A-

NTO NTA:s.
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3. Supplementary Tables

Table S1. Summary and comparison of cycling and rate performances of recently reported Na,Ti30; based anodes for SIBs

Voltage range

Cycling performance

Rate performance

Materials (V vs. Na*/Na) Capacity Cveles Current Capacity Current Reference
(mAh g™) Y (Ag™) (mAh g) (Ag™)
237.9, 215.3, 200.1, 179.6, 156, 0.177, 0.354, 0.885, 1.7, 3.54, 7.08, .
N-NTO NTAs 0.01-2.5 178 5000 8.85 129.8, 111.1, 98.2, and 88.5 10.62, 14.16, and 17.70 This work
. 210, 179, 142, 120, 94, 82, 0.177, 0.354, 0.885, 1.7, 3.54, 5.31,
NaTi;0;@C HHSs 0.01-2.5 68 1000 8.8 s e 1
. 175.52, 148.57, 114.65, 86.26, 66.65, 0.177, 0.354, 0.885, 1.7, 3.54,
NaTi;0;@RHCS 0.01-2.5 70.62 1000 3.54 55,73 and 46,71 5 a1, and 6.85 2
. 164, 135, 127, 110, 96, 87, 78, 71, 0.0885, 0.177, 0.354, 0.885, 1.77,
Na,Ti;0;@C FNFs 0.01-2.5 58 1500 8.85 ' nd 63 304 5.31.7.08, and 8.65 3
86, 80, 78, 75, 71,
Na;Ti;07/C 0.01-2.5 ~40 1500 0.178 0.0356, 0.178, 0.356, 0.89, 1.78, 4
68, 64, and 55 3.56, 7.12, and 14.24
Na;Ti;07/C 0.01-2.5 72.8 100 0.89 133.4, 121.2, 104.3, and 79.5 0.089, 0.178, 0.356, and 0.89 5
. 220, 180, 170, 150, 137, 0.0311, 0.0622, 0.1555, 0.311, 0.622,
Na,Ti;0;@C NTs 0.01-2.5 142.2 100 0.311 105, and 84 565, and .11 6
NTO-rGO 0.05-2.5 135 650 0.5 226, 186, 166, 152, and 135 0.05, 0.1, 0.2, 0.3, and 0.5 7
NaTi;O07/rGO 0.01-2.5 133.8 300 0.1 325, 250, 200, 175, 152, 132, and 116 0.02, 0.04, 0.1, 0.2, 0.4, 1.0, and 2.0 8
S-NTO NW@CNT+GO 0.01-2.5 80.6 150 0.885 204.8, 162, 115.5, 86.5, 56, 0.0354, 0.0885, 0.177, 0.354, 0.885, o
and 31.9 and 1.77
NTO/CF 0.01-2.5 98.8 2000 2.0 ~186, =170, ~1f;’7~119’ =87, and 0.2,0.5,1.0,2.0,3.0, and 4.0 10
. 297.8,242,8, 191.5, 169.9, 119.2,and  0.0885, 0.177, 0.354, 0.531, 0.708,
NTO nanowires@CC 0.01-2.5 100.6 500 0.531 " i oaes 11
Twine-like Na;Ti;O; nanotubes 0.01-2.5 85 1000 1.77 157, 154, 148, 139, 130, 0.0354, 0.0885, 0.177, 0.354, 0.885, 12
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Yb-doped NTO 0.01-2.5 71.6 1500 0.89 153.1, and 89.4 0.178, and 5.34 13
NTO-2.5 0.05-2.5 95 100 0.178 192, and 101 0.0178, and 0.712 14
Spider web-like Na,TisOy 0.005-2.5 107 500 05 250, 200, 150, 125, and 100 0.1,0.2,0.5, 1.0, and 3.0 15
nanotubes
; 227, 210, 190, 164, 130,
Hydrogenated Na,Ti;O7 01-25 65 10000 6.2 0.0354, 0.0885, 0.177, 0.354, 0.885, 16
nanoarrays 99, 77, and 71 1.77, 3.54, and 6.2
95% Na,Tiz07/5 % Na,TigO43 0.01-2.5 68 100 0.89 170, 115, and 92 0.0356, 0.356, and 0.89 17
Na,TisO; nanotubes 0.01-2.5 176 100 0.6 220, and 155 0.1,and 2.0 18
287,227, 186, 151, 111,
ST-NTO 01-25 78 10000 177 0.0354, 0.0885, 0.177, 0.354, 0.885, 19
and 84 and 1.77
3D Na,Ti;O7 microflowers 0.01-2.5 ~85 1100 0.4 173.4,121.3, 99.7, 84.6, and 73.8 0.05, 0.1,0.2,0.4,and 0.8 20
Na,TisO; nanofibers 0-2.5 98.6 100 0.03 206.9, 161.8, 116.5, and 72.4 0.05,0.1,0.2,and 0.4 21
Na,Ti;O; NP-NS 0.1-2.5 110 300 0.5 160, and 110 0.1,and 1.0 22
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Table S2. Summary and comparison of cycling and rate performances of recently reported transition metal related anodes for SIBs

Voltage range

Cycling performance

Rate performance

Materials (V vs. Na*/Na) Capacity Cveles Current Capacity Current Reference
(mAhg) y (Ag™ (mAhg) (Ag™)
237.9, 215.3, 200.1, 179.6, 156, 0.177, 0.354, 0.885, 1.77, 3.54, .
N-NTO NTAs 0.01-2.5 178 5000 8.85 129.8, 111.1, 98.2, and 88.5 7.08, 10.62, 14.16, and 17.70 This work
P-TiO, array 0.1-2.5 141 1000 3.35 334, 256, and 147 0.067, 0.335, and 3.35 23
10, SNTs 0.05-3.0 ‘o7 4000 5 68 191, 170, 148, 129, 110, and 0.355, 0.71, 1.42, 2.84, 5.68, and o4
94 11.36
_ 201, 171, 157, 149, 133, 119, 100, 87,  0.084, 0.168, 0.335, 0.67, 1.675,
TIONNPCSs 0.01-3.0 14 10000 3.35 85, and 80 3.35, 6.7, 10.05, 13.4, and 16.75 25
TiO,-,/N-doped carbon fibers 0.05-3.0 210 100 0.1 230, 200, 176, 145, and 120 0.05,0.1,0.2, 0.5, and 1.0 26
. ~214, ~205, ~191, ~178, ~154, ~142,  0.025, 0.05, 0.125, 0.25, 0.75,
TIO(A/B)}-MS 0.01-2.0 130 1000 25 ~120, ~93, ~71, and ~45 1.25,2.5,5.0,7.5 and 12.5 27
, 255 215, 194, 170, 156, 148, and
Mesocrystal TiO, hollow 001-3.0 110 1000 10 0.05,0.1,0.2,0.5, 1.0, 1.5, and 28
sphere 142 2.0
2D mesoporous TiO, NS 0.01-3.0 44 10000 10 183, 156, 119, 88, and 67 0.2,0.5, 1.0, 2.0, 5.0, and 10.0 29
MXene-derived NaTi: £On. 0.01-3.0 16 150 02 196, 169, 153, 131, 119, 109, and 0.05, 0.1, 0.2,2.5, 1.0, 1.5, and 20
NaV; 25Tio 7504 0.2-2.3 ~87 1000 0.1 103, 92, 81, 68, 52, and 40 0.02, 0.05, 0.1, 0.2, 0.5, and 1.0 31
C-coated Nig sTIOPO, 0.2-3.0 ~172 100 0.28 280, 250, 210, 190, and 130 0.028, 0.07, 0.14, 0.28, and 0.7 32
C0s0,@C 0.001-3.0 228 150 05 583, 416, 310, 251, and 183 0.1,0.2,0.5, 1.0, and 2.0 33
M-V,05 0.1-2.2 920 5300 2.0 357, 284, 242, 200, 167, and 136 0.05, 0.1, 0.2, 0.5, 1.0, and 2.0 34
CaV.04-550 0.01-3.0 1498 1600 0 265.2, 250.5, 225.3, 183.2, 146.1, and 0.1,0.3,0.5, 1.0, 2.0, and -
103.4 5.0
Fe,GeO,@C 0.01-3.0 376.5 100 0.1 ~422, ~394, ~357, ~316, and ~211 0.1,0.2,0.5, 1.0, and 2.0 36
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360, 317, 274, 221, and

0.049, 0.098, 0.245, 0.49, and

Rodlike CoMoQO4 0.005-2.7 229 100 0.049 165 0.98 37
N-doped C@Zn3;B,06 0-3.0 257.3 30 0.1 357.8,282.4,217.4,and 172.8 0.1,0.2,0.5,and 1.0 38
TioNb,Og nanosheets 0.01-3.0 ~170 500 0.8 242,229, 208, 182, 157, and 134 0.1,0.2,0.5, 1.0, 2.0, and 4.0 39

CoPs@C 0-2.5 1455 260 03 344.1, 244 5, 19:1;6:.169.6, 153.8, and 0.025, 0.05, 06250.15, 0.2, and 40
M13-ZnS600C 0-3.0 178 100 0.1 ~428, ~297, ~216, ~166, and ~59 0.05,0.1,0.2,0.3,and 0.4 41
WP/CC 0.01-3.0 50 1000 2.0 502, 331, 194, 111, and 56 0.1,0.2,0.5,1.0,and 2.0 42

AC@SnS-SnS; 0.005-3.0 230 500 0.1 380, and 110 0.05, and 5.0 43

Nanoparticle Cu,GeS3 0.005-2.0 253.9 100 0.1 304, 252, 185, and 152 0.05,0.1,0.2,and 0.5 44
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