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Experimental section

1. Materials Preparation

All of the chemical reagents were purchased from Aladdin and used as received without 

any purification.

1.1 Synthesis of Sb1-xBixPS4 anode materials

The Sb1-xBixPS4 anode materials were prepared according to the previous report.1 The 

corresponding stoichiometric ratio of Sb, Bi, P and S for Sb1-xBixPS4 are added into the 

molten silicon tube and sealed under vacuum (<10-4 Torr). The mixture rises to 200 ℃ 

for 4 hours, then rises to 650 ℃ for 48 hours, and then cools to 50 ℃ at 12 ℃/min.

1.2 Synthesis of Na3V2(PO4)2O2F cathode materials

The Na3V2(PO4)2O2F cathode materials were prepared via a simple hydrothermal 

method according to our recent report.2 Briefly, V2O5 and H2C2O4 with the molar ratio 

of 1:3 were dissolved in the distilled water under stirring at 70 ℃ for 1 hour. And then, 

stoichiometric NH4H2PO4 and NaF were added into the above-formed transparent 

solution under continuous stirring. After the pH of the solution was adjusted to the 

required value of 7 by using ammonium hydroxide, the obtained solution was 

transferred into a Teflon-lined autoclave and heated at the setting temperature of 170 ℃ 

for 12 hours followed by a natural cooling outside the oven to room temperature. 

Finally, the Na3V2(PO4)2O2F products could be easily collected after washing the 

precipitation with distilled water and ethanol several times, and then drying in a vacuum 

at 80 ℃.
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1.3 Material Characterization

The XRD patterns of Sb1-xBixPS4 and Na3V2(PO4)2O2F were performed by X-ray 

powder diffractometer (XRD, Bruker D8) with Cu Kα at λ = 0.15406 nm to investigate 

the phase composition. The elemental composition and valence states of Sb0.7Bi0.3PS4 

were characterized by the X-ray photoelectron spectrum (XPS, Thermo). The 

morphology features of Sb1-xBixPS4 were tested by transmission electron microscopy 

(TEM, JEOL-2100F) and scanning electron microscopy (SEM, Hitachi-SU8000). The 

distribution of elements for Sb0.7Bi0.3PS4 was observed by energy-dispersive X-ray 

spectroscopy (EDS). 

1.4 Electrochemical Measurements

The CR2032-type coin cells were assembled in the argon-filled glove at an 

atmosphere that is H2O and O2 lower than 0.1 ppm. The electrolyte was composed of 

1.0 M NaClO4 in propylene carbonate with 5% fluoroethylene carbonate. The glass 

fibrous membrane was used as the separator. The sodium metal was used as the 

reference and counter electrode in the half cell. The electrode of Sb1-xBixPS4 was 

composed of 70 wt.% active materials, 20 wt.% carbon black and 10 wt.% sodium 

alginate mixed with DI water on Cu foil, then dried in a vacuum oven at 60 °C overnight.

The average mass loading of Sb1-xBixPS4 material is about 1 mg cm-2 in the half/full 

sodium ion batteries. The range voltage of Sb1-xBixPS4 was 0.05-2 V vs. Na+/Na tested 

by LAND CT2001A. The cyclic voltammetry (CV) was performed on the CHI 750 

electrochemical workstation of ChenHua. The Electrochemical Impedance 

Spectroscopy of Sb0.7Bi0.3PS4 material was carried out on Solartron Frequency Response 
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Analyzer 1260A under the frequency of 100 kHz to 1 Hz.The Electrochemical 

Impedance Spectroscopy of Sb1-xBixPS4 material was carried out on CHI 750 under the 

frequency of 100 kHz to 0.1 Hz. For full battery assembly, the Na3V2(PO4)2O2F and 

Sb0.7Bi0.3PS4 materials were used as cathode and anode, respectively. The 

electrochemical performance of Na3V2(PO4)2O2F was tested at the potential of 2.0 – 4.5 

V vs. Na+/Na in the half cell. The full battery of Na3V2(PO4)2O2F //Sb0.7Bi0.3PS4 was 

tested on the voltage range of 1-3.5 V. The electrode of Na3V2(PO4)2O2F was composed 

of active materials, carbon black and sodium alginate mixed with DI water in a mass 

ratio of 7:2:1 sodiated chemically before assembling the full cell. The mass ratio of 

cathode and anode was 2:1 for the full cell tests. Before the assembly of the full cell, all 

Sb0.7Bi0.3PS4 anodes were subjected to electrochemical pre-sodiation. In pre-sodiation 

specific process, the Sb0.7Bi0.3PS4 anodes cycled 4 times at 0.2 A g-1. 

The relationship between the peak current i and scan rate v can be described as the 

following formulas:

i = aνb

log(i)=blog(ν)+log(a)

The a is a constant, and b is the slope of log(i) versus log(n) plots. The b value 

approximates 0.5 representing a more diffusion-controlled behavior. While the value of 

b approaches 1, the electrochemical process contributes to capacitive-controlled 

behavior. 

The capacitance contribution at a certain scan rate can be calculated by using the 

following formulas:
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i = k1ν + k2ν1/2

Herein, the k1ν and k2ν1/2 represent the capacitive contribution and diffusion-controlled 

contribution, respectively.

2. Results and discussion

2.1 Structural Characterization of Sb0.7Bi0.3PS4

Figure S1. SEM of Sb1-xBixPS4 (a) SbPS4 (b) Sb0.9Bi0.1PS4 (c) Sb0.8Bi0.2PS4 and (d) 

Sb0.6Bi0.4PS4.

2.2 Electrochemical Performance of Sb1-xBixPS4
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Figure S2. Long cycles of Sb0.7Bi0.3PS4 and Sb0.6Bi0.4PS4 in half cells at 1 A g-1

Figure S3. Galvanostatic curves of Sb0.7Bi0.3PS4 in half cells at 1 A g-1.
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Figure S4. EIS tests for Sb1-xBixPS4.

2.3 Kinetics Analysis of Sb0.7Bi0.3PS4

Figure S5. SbPS4 material of (a) CV curves at different scan rates, (b) Normalized 

contribution ratio of capacitive and diffusion-controlled capacities.
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Figure S6. Sb0.9Bi0.1PS4 material of (a) CV curves at different scan rates, (b) Normalized 

contribution ratio of capacitive and diffusion-controlled capacities.

Figure S7. Sb0.8Bi0.2PS4 material of (a) CV curves at different scan rates, (b) 

Normalized contribution ratio of capacitive and diffusion-controlled capacities.
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Fi

gure S8. Sb0.6Bi0.4PS4 material of (a) CV curves at different scan rates, (b) Normalized 

contribution ratio of capacitive and diffusion-controlled capacities.

2.4 Full cell Application

Figure S9. XRD of Na3V2(PO4)2O2F materials.
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Figure S10. SEM of Na3V2(PO4)2O2F materials.

 

Figure S11. Electrochemical properties of Na3V2(PO4)2O2F in half cells:(a) Rate 

capabilities from 0.1 C to 5 C and (b) the corresponding galvanostatic curves.



12

Figure S12. Practical demonstrations of coin-type full battery for lighting LED bulbs.

Table S1 Comparison of Sb0.7Bi0.3PS4 materials from our work with previously reported 

ones of anode materials for sodium ion batteries.

Materials Synthesis methods Elctrochemical activity Ref
Sb0.7Bi0.3PS4 Annealing 831 mA h g-1

 (0.1A g-1) This work
FeP@OCF Phosphorization 634 mA h g-1

 (0.1A g-1) [3]
Sn4+xP3@(Sn-
P)

Ball milling 502 mA h g-1 (0.1 A g-1) [4]

SnO2−x/C Electrospinning 650 mAh g-1 (0.1 A g-1) [5]
Sb/C  Electrospinning 422 mA h g-1 (0.1 A g-1) [6]
Bi@N−C 
Bi/rGO 

Solvothermal 
Ball-milling 

478 mA h g-1 (0.05 A g-1)
470 mA h g-1 (0.05 A g-1)

[7]
[8]

BiPS4 Solvothermal 558 mA h g-1 (0.1 A g-1) [9]
MnPS3 Annealing 246 mA h g-1 (0.1A g-1)      [10]
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