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Figure S1 In-situ XRD stacked patterns and corresponding charge-discharge profiles of Na3VP 
cathode in half cell.
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Figure S2 Cyclic voltammetry profiles of Na3VP in the potential range of 0.1-3.7 V vs. Na+/Na at 
scan rate of 0.1 mV/s.
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Figure S3 Cyclic voltammetry profiles of Na3VP in the typical potential range of 1.0-4.0 V vs. 
Na+/Na at scan rate of 0.1 mV/s.



Figure S4 SEM images of HC anodes attained from (a) Na5VP||HC and (b) Na4VP||HC full cells 
after initial cycle.
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Figure S5 XRD patterns of presodiated electrodes with different treatment time (90 s, 120 s, and 
30 min).
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Figure S6 Initial charge-discharge curves of the NaxVP electrodes with different presodiation 
time (0 s, 30 s, 60 s, 90 s, and 120 s).
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Figure S7 (a) Charge-discharge curves of the Na4VP obtained by electrochemical presodiation. (b) 
Charge-discharge curves of the Na4VP obtained by chemical presodiation with extended treatment 
time of 30 min.
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Figure S8 In-situ XRD counter maps and corresponding charge-discharge profiles of a PNZ-Na 
presodiated Na4VP||Na half cell



0

3

6

9

12

15

4 3 2

Potential (V vs.Na+/Na)

Ti
m

e 
(h

)

Pre-sodiation

18 20 22 24 26 28 30 32 34 36 38

2 Theta (degree)
(1

04
)

(1
13

)

(1
06

)

(0
24

)

(2
11

)

(1
16

)

(3
00

)

Figure S9 In-situ XRD stacked patterns and corresponding charge-discharge profiles of a PNZ-Na 

presodiated Na4VP||Na half cell



1200 1000 800 600 400 200 0

Na O+V C P

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

Na4VP

Na3VP

Figure S10 XPS full spectrum of the Na3VP and Na4VP.
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Figure S11 XPS P 2p spectra of the Na3VP and Na4VP.



Figure S12 SEM images of NaxVP with different sodiation depth.



Figure S13 EDX images of the Na3VP and Na4VP and corresponding relative element ratio.
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Figure S14 31P ssNMR spectra of the Na3VP and Na4VP.
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Figure S15 CV curves of Na3VP at various scan rates in the potential range of 1-3.7 

V vs. Na+/Na.
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Figure S16 Corresponding relationships between Ip and ʋ1/2

Na+ duffusion coefficients (DNa) can be estimated by the Randles-sevick equation (Eq 

1):

      (Eq 1)𝐼𝑝= 2.69 × 10
5𝑛3/2𝐴𝐷1/2𝑁𝑎𝐶ʋ

1/2

where Ip and ʋ correspond to the peak current (A) and scan rate (mV/s), respectively. 

n is the number of transferred electron, A is the electrode area (cm2), C is the molar 

concentration of sodium ion (mol/cm3). The remarkably correlated linearly between Ip 

and ʋ1/2 indicates typical diffusion controlled behavior in Na3VP. According to the 

fitted slope, the calculated DNa are 1.18×10-9, 2.89×10-9, 1.33×10-9, and 3.07×10-9 

cm2/s, associated with the peaks of C1, C2, D1, and D2. Therefore, the Na+ diffusion 

in the Na3VP is faster than in the Na4VP.



0 30 60 90 120 150
0

40

80

120

160

200

240

C
oulom

bic efficiency (%
)

C
ap

ac
ity

/m
A

h 
g-1

Cycle number

 Na3VP
 NVP-PNZ-30 s
 NVP-PNZ-60 s
 NVP-PNZ-90 s
 NVP-PNZ-120 s
 NVP-PNZ-30 min

0

20

40

60

80

100

120

Figure S17 Cycling performance of the NaxVP electrodes with different presodiation time (0 s, 30 
s, 60 s, 90 s, 120 s and 30 min).
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Figure S18 Coulombic efficiency of Na3VP||HC and Na4VP||HC full cells.
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Figure S19 Long-term cycling stability at 2C of Na3VP||HC and Na4VP||HC full cells.



Table S1 Comparison of the electrochemical performance of NVP-based sodium-ion batteries 

reported in literatures
Cathode||Anode ICE 

(%)

Energy density 

(Wh/kg)

Electrochemical performance Ref

Na3VP||Pb-C ~70 170 ~36% after 300th @ 2C 1

Na3VP thin film||MoSe2 ~50 213.6 ~50% after 50th @ 22.2 mA/cm2 2

Na3VP||graphite ~88 78 ~48% after 200th @ 50 mA/g 3

Na3VP||hard carbon 70.6 143.7 ~89% after 300th @ 100 mA/g 4

Na3VP||hard carbon 50 120 ~55% after 550th @ 2C 5

Na3VP||hard carbon ~50 151 ~65% after 100th @ 1C 6

Na3VP||hard carbon 71.5 169 62% after 70th @ 0.2C 7

Na3VP||hard carbon 43.5 ~90 ~70% after 50th
 @ 50 mA/g 8

Na3VP||hard carbon 60 159.4 58.5% after 100th
 @ 1C Our 

work

Na3VP||presodiated hard carbon ~94 251.1 73.3% after 450th @ 1 A/g 9

Na3VP||presodiated hard carbon ~95 218 ~55% after 550th
 @ 2C 5

Na3VP||presodiated hard carbon 82.6 ~191 83.3% after 50th
 @ 50 mA/g 8

Electrochemical presodiated Na4VP||hard 

carbon

~50 265 78% after 100th @ 1C

66% after 200th @ 1C

6

Biph-Na presodiated Na4VP||hard carbon 62.7 218.4 70% after 500th @ 1C (using 

excess cathode)

7

PNZ-Na presodiated Na4VP||hard carbon 65 251.1 78% after 100th @ 1C

57% after 500th @2C

Our 

work
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