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Experimental section

Materials synthesis

All the chemical reagents were purchased and used without any further purification.
NH4VO; (analytical reagent (AR) grade), Nal (AR grade) and H;PO,4 (=85 wt.% in H,0)
were purchased from Aladdin Industrial Corporation.

NaysVOPO,-2H,0 was prepared by a simple chemical precipitation method at room
temperature. Firstly, 5 mmol Nal and 20 mL ethanol were added into 10 mL deionized
water to prepare solution A. 2 mmol NH,VO; and 0.5 mL H3PO,4 were added into 30 mL
deionized water with magnetic stirring to prepare solution B. Then, solution B was drop-
by-drop added to solution A. The mixture was stirred for 5 h at room temperature. The
product was dried at 60 °C after filtration and washing with deionized water and ethanol.
Materials characterization

The morphology of the samples was observed by field emission scanning electron
microscopy (FESEM, JSM-7800F, Japan). Transmission electron microscope (TEM)
images were acquired using a JEM-2100F. The thickness of the NVOP nanosheets was
determined by an atomic force microscope (AFM, Bruker-Icon SPM). XRD patterns were
measured using Cu K, radiation (1.5418 A) on an X-ray diffractometer (Bruker, Advance
D8A A25) from 5° to 80° (20). X-ray photoelectron spectroscopy (XPS) measurements
were conducted by Thermo Scientific ESCALAB 250Xi electron spectrometer. The
atomic ratio of Na/V in the as-synthesized product was characterized by Inductively

Coupled Plasma Optical Emission Spectrometer (ICP-OES, PerkinElmer Optima 8000).



The water content was analyzed by thermogravimetric analysis (TGA, Q50, USA) under
N, atmosphere with a heating rate of 10 °C min™'.
Electrochemical measurements

The as-synthesized product was used as cathode active material for SIBs. The active
material, Ketjen Black and sodium carboxylmethyl cellulose (CMC) binder were mixed
in a weight ratio of 7:2:1 with deionized water. The slurry was coated on aluminum foils
and dried at 60 °C for 12 h. The mass loading of active materials is about 2 mg cm=. To
measure the electrochemical performance, coin-type (CR2032) cells were assembled in
an argon-filled glove box. The electrolyte was 1 M NaClO,4 with 5% fluoroethylene
carbonate (FEC) in ethylene carbonate (EC)/Diethyl carbonate (DEC) (1:1 in volume).
The amount of electrolyte solution added in each cell was 45 pL. The counter electrodes
were pure sodium foils and the separators were Celgard 2400 separators. All the charge
and discharge measurements were conducted on a Land BT2000 battery test system
(Wuhan, China) under room temperature while the cut-off voltage was maintained
between 2.0 and 4.5 V. The cyclic voltammetry (CV) test was carried out on a CHI 660¢
electrochemical workstation at different scan rates of 0.1, 0.2, 0.3, 0.4, 0.5 mV s’!. The
apparent diffusion coefficient can be calculated from the slope of fitting lines via the

Randles-Sevcik equation:
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i, = (2.69x10° Jn? AD>Cv?
Where i, 1s the current at an electrochemical reaction (A), n is the number of

electrons participating in one mole of the reaction, 4 is the electrode-electrolyte interface
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area (approximately to be the electrode area, 1.327 cm?), D is the apparent diffusion
coefficient (cm? s'), C is the mole concentration of Na* in the electrode (mol cm™?), and

v is the scan rate (V s).



Fig. S1. FESEM image of NVOP.
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Fig. S2. Nitrogen adsorption-desorption isotherms of NVOP.
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Fig. S3. High-resolution V 2p XPS spectrum of the NVOP electrode discharge to 2.0 V.
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Fig. S4. The galvanostatic charge/discharge profiles of the NVOP electrode at various

current densities.
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Fig. S5. Galvanostatic charge/discharge profiles of the NVOP electrode at 0.2C.

Fig. S6. FESEM image of the NVOP electrode after 60 cycles at 1C.
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Fig. S7. XRD patterns of the NVOP electrode before and after 60 cycles at 1C.



Table S1. XRD powder diffraction and Rietveld-refined results of the as-prepared

NVOP.
Symmetry Triclinic
Space group P-1

Lattice parameters  a=6.462 A b=6.457 A c=13.693 A V =561.529 A3

o =87.375° B=79.678° vy = 89.972°
Rwp 4.97%
Rp 3.33%
Rexp 0.215%
GOF 5.842

M, (mg/L) M,mg/L) M;(mg/L) The average molar ratio of Na/V Table S2.
Na  1.162 1.193 1.183 Results of
0.5094:1 1cp
\% 5.174 5.054 5.161
analysis

of NVOP.



Table S3. Comparison of the apparent diffusion coefficients of sodium ion with typical

polyanionic electrodes for SIBs.

Materials Diffusion coefficient (cm? s1) Reference
NaysVOPO,4-2H,0 around 101! This work
Na o Mn,VCr(PO,); 324107 (x=0) 1

2.84 1010 (x = 0.2)

1.86 x 1010 (x = 0.4)

8.16 x 10-!1 (x = 0.6)

3.18 x 10711 (x = 0.8)

9.21 x 1011 (x = 1)
Na;3;V,(PO,),F3/rGO around 1012 - 10-10 2
NaVPO,F/C around 101! 3
NaVOPO, 2x1012-1x10-1! 4
Na4VO(PO4)2 5.1 x 101 5
Na;V,(PO,),F;3/C around 1012 6
Na,FePO4F/C 3.63 x 1012 7
Na,FeSi0,4/C 2.53 x 1013 8

10



Naj; sMng sV 5(PO4)5/C around 1012 - 101! 9
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