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Figure S1. XPS spectrum of the optimally prepared NVPOF under 170 °C at pH = 7:
(a) the overall and (b) high-resolution V2p spectra.

Figure S2.TEM images of the NVPOF materials prepared at 170 °C under pH=7.
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Figure S3. SEM image and the corresponding elemental mappings of the NVPOF
material prepared at pH = 7 under 170 °C.
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Figure S4. The impedance spectra (1 MHz ~ 10 mHz) of NVPOF at different
temperatures and quivalent circuit used for curve fitting.

Table S1 Impedance parameters derived by using equivalent circuit model of the
NVPOF materials prepared under different temperature

T/°C R/Q R./Q
130 7.48 565
150 6.81 383
170 3.56 205
190 436 232




Table S2 Comparison of NVPOF materials from our work with previously reported
ones of phosphate-based cathode materials for Na-ion batteries.

Materials Synthesis methods Elctrochemical activity Ref
NazV,(POy); Solid-state reaction 116.5mAhg'34V (Om=117mAhg?) [1]
NaVPO,F Solid-state reaction 82mAhg!,3.7V (Om=142.6 mAhg') [2]
NaV, xCrxPO,F Solid-state reaction 83.3mAhg!,345V (O, =142.6 mA hg') [3]
NazV,(POy),F3 Carbothermal reduction ~ 111.6 mAh g-1,2.5-4.6 V (O, = 128.2 mA h g'!) [4]
Na;Tip(PO4)F; Solid-state reaction 57.7mAhg!, 1.5-3.5V (O =132.8 mA h g [4]
Na; sVO(PO,),F Hydrothermal 100mA hg!,3.64V (Qm=156mAhg') [5]
Na;V,0,(PO4),F-G  Solvothermal 120mA hg',2.5-45V (O, = 1224 mA h g!) [6]
Na,FePO4F Solid-state reaction 110mAhg!, 2-3.8V (Qm=1242mAhg") [71
Na,MnPO4F Solid-state reaction 100mA hg!,34V (Omn=1247mAhg?) [8]
Na,CoPO4F Solid-state reaction 100mAhg!, 43V (QOm=1224mAhgh) 9]
NaFeSO4F Solid-state synthesis 6mAhg!, 35V (QOm=138mAhg!) [10]
Na;3;V,0,(POy)-F Hydrothermal 123mAhg!, 2-43V(Qm=130mAhg?) This work

Table S3 CV at various scan rates tests were employed to analyze the Na-migration
kinetics of the NVPOF electrode to the Randles—Sevcik equation, and the D, v,

values.

pH=5 pH=6 pH=7 pH=8
Al 3.71 E-11 1.18 E-10 2.56 E-10 1.64 E-10
A2 1.94 E-11 4.65 E-11 1.48E-10 7.27 E-11
Cl1 221 E-11 6.88 E-11 1.75 E-10 1.07 E-10
C2 7.87 E-12 1.51E-11 298 E-11 2.75 E-11




Calculation process for the apparent Na chemical diffusion coefficients through CV
tests

The apparent Na diffusion coefficient (Dyy, na) Was calculated from the following
Randles-Sevcikequation S1:!!

ip=2.69 x 10° n32A Dyppna!?Cov!? (S1)

where ip is the peak current density, n is the electron-transfer number per molecule
formula during the redox reaction (n= 2 for the present NVPOF),'? 4 is the surface
area of the electrode, Cy is the concentration of Na ions in the electrode (7.7 mmol
cm~3),13and v is the scan rate.
Calculation process for the apparent Na chemical diffusion coefficients through GITT
tests.

The D,pp.na Values can be calculated according to the following equation S2:!4

4 mgV, AE

S

D= M5 E: (52)

where mg, Mp,and V), are the mass, molecular weight, and molar volume of the NVPOF
material, respectively; 7 is the time for an applied galvanostatic current; S is the active
surface of the electrode; L is the average radius of the material particles; and 4Es and
AET are the quasi-equilibrium potential and the change of cell voltage £ during the

current pulse, respectively.
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Figure SS. A sigle GITT profile for charge and discharge process.t vs E profile for a
single GITT titration during (b) charge and (d) discharge processes. The corresponding
linearly fitting behavior of E vs 1!/ for the (a) charge and (¢) discharge GITT titration.
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Figure S6. A sigle GITT profile for charge and discharge process.t vs E profile for a
single GITT titration during (b) charge and (d) discharge processes. The corresponding
linearly fitting behavior of E vs 1!/ for the (a) charge and (¢) discharge GITT titration.
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Figure S7. A sigle GITT profile for charge and discharge process.t vs E profile for a
single GITT titration during (b) charge and (d) discharge processes. The corresponding
linearly fitting behavior of E vs 1!/ for the (a) charge and (¢) discharge GITT titration.
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Figure S8. A sigle GITT profile for charge and discharge process.t vs E profile for a
single GITT titration during (b) charge and (d) discharge processes. The corresponding
linearly fitting behavior of E vs 1!/ for the (a) charge and (¢) discharge GITT titration.
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Figure S9. The comparison of D,y na Values obtained from GITT tests for the NVPOF
materials prepared under different pH (5, 6, 7 and 8) at 170 °C.
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