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1. Experimental Section

1. Characterizations of the samples

The crystal phase of the electrode materials were characterized by X-ray diffraction (XRD) by a equipment
of Rigaku Ultima IV diffract meter, which adopts Cu Ka radiation. The morphology of the nanowires was
observed by using the Scanning electron microscopy (SEM) by S8010 instrument) and transmission electron
microscopy (TEM) by FEIF20 S-TWIN instrument. The analysis of X-ray photo-electron spectroscopy (XPS) was
conducted by a PHI Quantum2000 XPS system.
2. Electrochemical measurement

The slurry was fabricated through mixing electrode materials, super P and Gum Arabic (GA) binder with
weight ratio of 7:2:1. GA was dissolved in deionized water with a concentration of 30 mg ml-!. Copper foil cut
into circular piece was used as collector, which was coated with slurry, and then dried at 120 °C under vacuum
condition for 12 h. Sodium ion batteries were assembled in a coin-type cells (CR 2025) with sodium foils as a
counter electrode, glass fiber separator (Whatman GF/F), and 1 M NaPFg in diethylene glycol dimethyl ether
(DEGDME) as the electrolyte. The Na metal foil, working electrode, and glass fiber separator (Whatman GF/F)
were punched into circular sheets with diameters of 1.4 cm, 1.2 cm and 1.6 cm respectively, and then assembled

in glove box filled with Ar atmosphere. The charge/discharge measurements of the batteries were performed on
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Land CT2001A testers (Wuhan, China) between 2.5 and 0.01 V at room temperature at various current densities.
Cyclic voltammogram (CV) measurements and electrochemical impedance spectroscopy (EIS) were conducted on
a Zennium (Zahner). The GITT measurements were conducted using a current density of 0.1 A/g for 10 min
between rest intervals for 2 h.
3. Theoretical Calculation

First-principles calculations were performed using the Vienna ab initio simulation package (VASP)" 2. The
exchange—correlation functions were treated within the generalized gradient approximation (GGA) of the Perdew-
Burke-Ernzerhof type (PBE)*?. The cut-off energy of plane-wave was set to 500eV for all calculations. A
Monkhorst—Pack 3x7x3 k-point mesh for the Brillouin zone sampling of 1x1x2 TiO,-B supercells, and all the
atoms were fully relaxed until Hellmann—Feynman forces on each atom was less than 0.02eV/ A. The GGA+U
was adopted with the Dudarev's approach® for electronic structures and total energy calculations, and the on-site
Hubbard U for the correlated Ti-3d with Uy=4.2eV7- 8. The minimum energy paths and activation energy for Na
diffusion were calculated with the climbing image nudged elastic band (CI-NEB) method®. In order to avoid
mixing of the diffusion barrier with the charge transfer barrier, we used the standard GGA instead of GGA+U for
CI-NEB calculation!®. The Na diffusion in the bulk and surface was calculated using 1x2x2 supercells and 1x2
supercell of TiO,(B) (001) slab, respectively. For TiO,(B) (001) slab, a vacuum buffer space of 15A was added

alone c-axis in calculations.
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Fig. S1 (a) XRD and (b) SEM image of H-titanate nanowires.
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Fig. S2 (a) XRD and (b) HRTEM image of the intermediate phase during sintering.

Fig. S3 Corresponding EDX elemental mapping Ti, O, and P of B-TiO,(B)-P.
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Fig. S4 XRD of (a) pristine TiO,(B) and (b) B-TiO,(B)-P annealing at different temperature under
Ar armosphere. A: antase TiO, and B: TiO,(B)
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Fig. S5 (a)-(e) Possible P doping sites of interstitial P and P substitutional for Ti in bulk TiO,(B). (f)-
(h) Schematic diagram of three typical Na® diffusion paths along the [001], [100] and [010]
directions, respectively.
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Fig. S6 The crystal structure of (001) surface for (a) pure TiO,(B) and (b) TiO,(B) with (POs)
adsorption. (c) Illustration top view of the Na diffusion along the [010] direction in TiO2(B) (001)
surface with (POs)- adsorption. (d) Corresponding diffusion energy in pure and adsorbed (PO;)
TiO,(B) (001) surface.
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Fig.S7 (a) The surface potential map of Au foil (b) a diagrammatic drawing of Fermi level shift.
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Fig.S8 Galvanostatic charge-discharge curves of the first cycle for different samples at the current
density of 0.1 A gl
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Fig. S9 Cyclic voltammetry curves of B-TiO,(B)-P at various sweep rates: (a) 0.1-2 mV s'! and (b)
5-50 mV sl
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Figure. S10 EIS plots of different electrodes.

Table S1. The formation energy of interstitial P and P substitutional for Ti in bulk TiO,(B).

Configuration P; P P Py Pri

Es(eV) 4.43 3.01 3.64 3.62 0.51




