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Figure S1. X-ray diffraction (XRD) pattern of 900-NVP@C.



Figure S2. SEM images of (a) 900-NVP@C, (b) 700-NVP@C/G, (c) 800-NVP@C/G and (d)

900-NVP@C/G.
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Figure S3. HRTEM images of (a) 700-NVP@C/G and (b) 800-NVP@C/G.
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Table S1. Elemental analysis and thermogravimetry results of carbon content

Samples Elemental analysis of C/wt% TG results of C/wt%
700-NVP@C/G 21.96 21.61
800-NVP@C/G 20.58 20.64
900-NVP@C/G 18.34 17.90
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Figure S4. TG curves of 900-NVP@C, 700-NVP@C/G, 800-NVP@C/G and 900-

NVP@C/G composites.
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Figure S5. N, adsorption/desorption isotherms of (a)900-NVP@C,(b)700-NVP@C/G, (c)

800-NVP@C/G, (d) 900-NVP@C/G.
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Figure S6. Raman spectrum of NVP@C and 3D porous NVP@C/G nanocomposites

4



Q

4.0

3.5+

: /
RO\

60C 50C 40C 25C 10C 5C 1C 0.2C

Voltage(V)

2.0

0 40 60 80 100 120
Specific Capacity(mAh g")

o4
nN
o

o

4.0 -

w
(3,
1
4
b
/

Voltage(V)
-

60C S0C 40C 25C 10C 5C 1C 0.2C

2.0 T T g T . T 4 T L4 T
0 20 40 60 80 100
Specific Capacity(mAh g")
4.0-
| R\ /
\

3.5+ "\‘_\
2, | ~f/ -
<@ h
o {
£ 3.0
<
-

2.54

<Hesecacasccse icoac
2'0 L] L i L) Y L} L L) L L] b
0 20 40 60 80 100 120

Specific Capacity(mAh g")

Figure S7. Representative discharge—charge curves of (a) 900-NVP@C, (b) 700-NVP@C/G
and (c) 800-NVP@C/G.
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Figure S8. CV curves of the the (a) 900-NVP@C, (b) 700-NVP@C/G, (c) 800-NVP@C/G
and (d) 900-NVP@C/G electrode at different scan rates. (¢) The corresponding relationship

between the square root of the scan rate v!’? and peak current.

The Na-ion diffusion coefficient D (cm? s') can be calculated from the straight slope

according to the following Randles Sevcik equation:
1,=2.69 x105n32ADy,2Cy,v!"2(25°C)

where n is the number of electrons in reaction (n=1 for V3*/V#redox pair), A is the
effective contact area between electrode and electrolyte (0.9 cm?) and C is the concentration

of Na ions in the electrode (6.92x10-3 mol cm3). The D values of the anodic and cathodic

reactions are shown in Table S2.



Table S2. D values of the anodic and cathodic reactions

Samples

Anodic peaks

Cathodic peaks

900-NVP@C
700-NVP@C/G
800-NVP@C/G

900-NVP@C/G

6.61x1019 cm? s°!
8.97x10°10 ¢cm? s°!
2.0x107° cm? 5!

4.11x10° cm? s7!

3.51x10 10 cm? 5!
4.59x1010 cm? s!
1.14x10° cm? s™!

1.99x10° cm? s™!

Table S3. Kinetic parameters obtained from equivalent circuit fitting

Samples Ry(Q) R(Q)
700-NVP@C/G 31.59 515.7
800-NVP@C/G 29.84 425.5
900-NVP@C/G 16.92 323.6

900-NVP@C 35.07 372.5

Table S4. Comparison of this work versus state -of-the-art Na3;V,(POy); for Na-ion

Material

Cyclability

Rate Performance

900-NVP@C/G
(this work)

97.2 mAh g at 1000t
cycleat 10 C

(95% capacity retention)

75.1 mAh g'at 1500t
cycle at 40 C

(82% capacity retention)

112mAhg'at0.2C
106 mAh g'at5C
104 mAh g'at10C
92 mAh g!'at40 C
81 mAh g at50C
76 mAh g! at 60 C

Carbon-Coated
Na3V,(POy)s
Particles in

Mesoporous

Carbon (ref S1)

90 mAh g-!'at 1000™ cycle
at 10 C
(85% retention)

68.6 mAh g at 1000t
cycle at 20 C
(67.3% retention)

115 mAh g at 0.5 C
112mAhglatlC
109 mAhg'lat5C
107 mAh g'at 10 C
94 mAh g! at 20 C
81 mAh g'at30C




Nitrogen-doped
Carbon Coating

96.5 mAh g at 50 cycle
at0.2C
(95.5% capacity retention)

100 mAh g''at0.2 C
93.8 mAh g'at3C

Na;3;V,(POy); 843 mAhg'lat5C
(ref S2) 69 mAh g at 50 cycle at
0.2 C charge/5 C discharge
(92.6% capacity retention)
Porous 90 mAh g at 1000t cycle 114 mAhglatlC
Na3V,(POy)s/C at 10 C 106 mAh gl at 10 C
(ref S3) (84.9% retention) 91.2 mAh g'at20C
62 mAh g! at40 C
Electrospun No reported 77 mAh glat2 C
Na;V,(PO,)5/C 58 mAhg'at5C
(ref S4) 39mAhg'at10C
20 mAh g'at20C
Na;V,(POy4)s/AC | 97 mAh g1 at 200th cycles at 105.1 mAhglat1C
(ref S5) 5C 101.1 mAhg'at2C
(96.4% retention) 97 mAh g'lat5C
Na3V,(PO,)s/nit- 110.7mAh g'at0.5C
rogen-decorated 104.7mAhg'atlC
carbon hybrids No reported 102.6 mAh g'at2 C
(ref S6) 76.6 mAh glat5C

46.8 mAh g'at 10 C




Porous
Na3V2(PO4)3/C
(ref S7)

86.5 mAh g'at 100" cycle at
5C
(88.6% retention)

105 mAh g'at0.2 C
9 mAhg'latlC
95mAhg'at3C
92 mAhg'at4 C
90 mAh g'lat5C

Carbon-Coated
NazV,(POy)3
Embedded in
Porous Carbon
Matrix
(ref S8)

83 mAh g at 1000™ cycle
at 10 C
(80.6% capacity retention)

73 mAh g at 1000t cycle
at 50 C
(80.2% capacity retention)

104 mAh g'latlC
103 mAh g'lat10C
102 mAh g'at20C
96 mAh g at 30 C
91 mAh g'at50C
74 mAh g at 100 C
44 mAh g'! at 200 C

Mg doping
Na3V,(POy)s
(ref S9)

104.6 mAh g!'at 50t cycle
at 1 C charge/10 C discharge
(96.5% capacity retention)

86.2 mAh g'at 50t cycle
at 1 C charge/20 C discharge
(83.0% retention)

1125 mAhg'atl C
111.3mAhg'at2C
1099 mAhg'lat5C
108.5 mAh g'at 10 C
103.9 mAh g at 20 C
94.2 mAh gl at30 C

Graphene-
supported
Na;3V,(POy)s

(ref S10)

93% capacity retention

over 100 cyclesat 1 C

80 mAh g at 300™ cycle at
1 C charge/10 C discharge

Fixed at 0.2 C charge:
90.6 mAh g at 0.2 C discharge
89.5mAh g'! at 1 C discharge
88.2mAh g'! at 2 C discharge
83.5mAh g'! at 10 C discharge
60.4mAh g-! at 30 C discharge

Biochemistry

Enabled 3D

Na3V2(P0O4)3
(ref S11)

approximate 100%
retention over 1000 cycles at

1 C charge/100 C discharge

Fixed at 1 C charge:
109 mAh g'! at 5 C discharge
99 mAh g'! at 20 C discharge
87 mAh g at 50 C discharge
51 mAh g at 200 C discharge




Na3V,(POy4);@C
core-shell
nanocomposites

(ref S12)

91.2 mAh g at 700th
cyclesat 5 C
(96.1% retention)

104. mAh g''at0.5C
949 mAhg'at5C
88 mAh g'at 10 C

NVP particles
embedded in CNFs
(ref S13)

93% retention over 300

cyclesat 1 C

112.5mAh g'at0.1 C
88.9mAh g'at50C

Honeycomb-
structured
NazV(POy)3
(ref S14)

93.6% retention over 200

cyclesat 1 C

113 mAhg'lat0.2C
97.2mAh g'at5C
80.2 mAh gl at20 C

NVP
nanoparticles
Confined ina 1D
Carbon Sheath

(ref S15)

74% retention over 50

cyclesat 1 C

103 mAhg'lat0.2 C
88 mAhg'lat2 C
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