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Fig. S1 SEM images of a TNO and b TNO-Sb/Nb
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Fig. S2 a TEM image of the TNO microrods, b HRTEM image of the TNO microrods, the corresponding corresponding SEAD patterns of the c TNO and d TNO-Sb/Nb
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Fig. S3 STEM image and the corresponding EDS mappings of TNO
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Fig. S4 EDS mapping of elemental Ti concentrations on the surface of TNO-Sb/Nb
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Fig. S5 The XRD partial enlarged views of TNO and TNO-Sb/Nb
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Fig. S6 XPS high-resolution spectra of a-c TNO and d, e TNO-Sb/Nb
[image: image7.png]Pristine Pristine

Sb5+ O-H &3 lattice

L]

?d3/2 Sb 3dg),

1.5V — ' .,

Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.)

[((((((((((fL(L((((((((((((((((L(((((((((((((U((((((((((((F(((U(((((((((LLL((((((((((((((((((((((((((((((((

1V

Sb°*

Sat.

] "

214 212 210 208 206 204 550
Binding energy (eV) Binding energy (eV) Binding energy (eV)

((((L((((I((r(u(uu(((((((((I((((((((((((((((((((I((((((((((r(((((((((l((((((((((((((((((((1((((((((((((((((((
2 » 2 2 | | 2





Fig. S7 XPS high-resolution spectra of as-prepared TNO-Sb/Nb at different states of charge (the first cycle)
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Fig. S8 The XPS spectra detail of Nb 3d and Sb 3d for TNO-Sb/Nb at different discharge states
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Fig. S9 a Nb K-edge XAS spectra of the TNO and TNO-Sb/Nb. b X-ray absorption near edge spectroscopy (XANES) spectra of the Nb K-edge of the TNO and TNO-Sb/Nb
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Fig. S10 CV curves of TNO within 1-3 V during the first two cycles
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Fig. S11 a Charge-discharge curves of TNO cells with different number of cycles at 0.1C at 1-3 V. b Charge-discharge curves of TNO at various current densities
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Fig. S12 Cycling performances of TNO and TNO-Sb/Nb at 1 C
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Fig. S13 Cycling performance of TNO and TNO-Sb/Nb at 1 C in a -20 °C and b -40 °C
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Fig. S14 High-temperature cycling performance of TNO and TNO-Sb/Nb at 2 C in 50 °C
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Fig. S15 XPS etching spectra of Nb 3d for a TNO and b TNO-Sb/Nb
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Fig. S16 a Cyclic voltammograms of TNO at different scan rates. The linear fitting results of peak current versus square root of the scan rate at the largest oxidation and reduction peaks of b TNO and c TNO-Sb/Nb electrodes
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Fig. S17 a Pseudocapacitive contributions of TNO at 0.2 mV s-1. b Pseudocapacitive contributions of TNO-Sb/Nb at 0.2 mV s-1
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Fig. S18 a GITT curves and b Li+ diffusion coefficients of TNO and TNO-Sb/Nb at -30 °C
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Fig. S19 EIS results of TNO and TNO-Sb/Nb at various temperatures
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Fig. S20 The equivalent circuit according to the EIS patterns
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Fig. S21 DRT profiles of a, c TNO and b, d TNO-Sb/Nb measured at different SOC
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Fig. S22 a The low-temperature EIS evolution at different potentials. The corresponding two-dimensional DRT diagram for b TNO and c TNO-Sb/Nb
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Fig. S23 In-situ XRD patterns of a TNO and b TNO-Sb/Nb
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Fig. S24 The SEM images of TNO-Sb/Nb electrode a before and b after 500 cycles at -30 oC
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Fig. S25 a The TEM images, b the STEM image, and c the elemental mapping of the TNO-Sb/Nb microrods after 500 cycles at -30 oC
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Fig. S26 The XRD patterns before and after 500 cycles at -30 oC
Table S1 ICP results of TNO and TNO-Sb/Nb
	material
	Ti (mol)
	Nb (mol)
	Sb (mol)

	TNO
	1
	2.2634
	0

	TNO-Sb/Nb
	1
	2.2888
	0.0096


Table S2 Rietveld refinement results of TNO and TNO-Sb/Nb
	Material
	a (Å)
	b (Å)
	c (Å)
	V (Å3)
	Rp (%)
	Rwp (%)

	TNO
	20.4177
	3.8107
	11.9166
	801.23(9)
	6.42
	10.28

	TNO-Sb/Nb
	20.4192
	3.8098
	11.9192
	801.31(4)
	5.38
	8.48


Table S3 Equivalent circuit fitting data of Nyquist spectra
	Temperature (oC)
	21
	30
	35
	40
	45
	50
	55
	60

	Rct of TNO
	165.8
	95.8
	65.7
	44.4
	33.7
	19.0
	19.0
	15.5

	Rct of TNO-Sb/Nb
	66.1
	39.4
	31.9
	20.8
	15.3
	11.6
	8.9
	7.1


Table S4 Results of nanoindentation test on TNO
	point
	1
	2
	3
	4
	Mean

	Avg Modulus
	4.3
	1.3
	11.4
	4.6
	5.4

	Avg Hardness
	0.05
	0.02
	0.16
	0.03
	0.07


Table S5 Results of nanoindentation test on TNO-Sb/Nb
	point
	1
	2
	3
	4
	Mean

	Avg Modulus
	1.5
	13.7
	12.2
	10.6
	9.5

	Avg Hardness
	0.01
	0.18
	0.2
	0.14
	0.13
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