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Fig. S1 Digital photographs of (a) a mixture prepared by mixing 3 mL of SbCl3/methanol (80 mg 

mL−1) solution and 3 mL of Emim-dca/methanol (100 mg mL−1) solution and the mixture after 

depositing for (b) 1 h and (c) 12 h.



S3

Fig. S2 (a) SEM image and (b−e) corresponding EDX spectrum and C, N, and Sb elemental mapping 

images of Sb@NC.
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Fig. S3 Sb L3-edge XANES of Sb and Sb@NC.
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Fig. S4 TGA of L-Sb@NC, Sb@NC, H-Sb@NC, Sb@SC, Sb@PNC, and Sb nanocrystals under an 

air flow with a temperature ramp of 10 oC min−1 from room temperature to 900 oC. From the TGA 

curve of Sb nanocrystals, we can clearly see that the weight of Sb nanocrystals remains almost 

unchanged. This is mainly because Sb nanocrystals experience weight gain due to oxidation and 

suffer from weight loss owing to heat evaporation at the same time. Therefore, when we calculate the 

Sb contents in the samples through TGA, only the combustion loss of carbon matrix is taken into 

account and the weight variation of Sb is ignored.
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Fig. S5 (a) SEM image, (b) high-magnification SEM image, (c) TEM image, and (d) HRTEM image 

of L-Sb@NC.
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Fig. S6 (a) SEM image, (b) high-magnification SEM image, (c) TEM image, and (d) HRTEM image 

of H-Sb@NC.
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Fig. S7 (a) The effect of FEC on the electrochemical performance of Sb@NC using 1 M NaClO4 in 

EC/DEC (1:1 v/v). (b) The effect of FEC on the electrochemical performance of Sb@NC using 1 M 

NaClO4 in PC. (c) The effect of FEC on the electrochemical performance of Sb@NC using 0.6 M 

NaPF6 in EC/DEC (1:1 v/v). (d) The effect of FEC on the electrochemical performance of Sb@NC 

using 1 M NaPF6 in PC. All these investigations were conducted between 0.01 and 2 V at a current 

density of 100 mA g−1.
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Fig. S8 (a) SEM image, (b) high-magnification SEM image, (c) TEM image, and (d) HRTEM image 

of NC.
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Fig. S9 Electrochemical properties of the NC anode for sodium-ion batteries. (a) The galvanostatic 

discharge−charge profiles of the initial three cycles for the NC electrode between 0.01 and 2 V at a 

current density of 100 mA g−1. (b) Discharge−charge capacities for the first 300 cycles of the NC 

electrode in the voltage range of 0.01−2 V at 100 mA g−1.

Fig. S10 The influence of FEC in different electrolytes on the electrochemical properties of Sb@NC. 

The discharge capacities of the 200th cycle were used for comparison. All these battery tests were 

performed between 0.01 and 2 V at a current density of 100 mA g−1.
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Fig. S11 Galvanostatic discharge−charge profiles of the Sb@NC electrode plotted for the 1st, 2nd, 

and 5th cycles between 0.01 and 2 V at a current density of 100 mA g−1.
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Fig. S12 (a) TEM image and (b) HRTEM image of Sb nanocrystals.
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Fig. S13 (a) SEM image, (b) high-magnification SEM image, (c) TEM image, and (d) HRTEM image 

of Sb@SC.
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Fig. S14 (a) SEM image, (b) high-magnification SEM image, (c) TEM image, and (d) HRTEM image 

of Sb@PNC.
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Fig. S15 CV curves of the Sb@NC electrode at different scan rates.
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Fig. S16 Kinetics and quantitative analysis of sodium storage mechanism. (a) Capacitive (red) and 

diffusion-dominated (blue) contribution to sodium storage of Sb@NC at 2.0 mV s−1. (b) Normalized 

contribution ratio of capacitive (red) and diffusion-limited (blue) capacities at various scan rates.
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Fig. S17 (a) XRD pattern, (b) TEM image, (c) discharge−charge curves, and (d) cycling performance 

of the Na3V2(PO4)3/C cathode between 2.5 and 3.8 V at a current density of 100 mA g−1.
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Fig. S18 STEM and EDX elemental mapping images of the Sb@NC electrode material after cycling 

300 cycles between 0.01 and 2 V at a current density of 100 mA g−1.
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Fig. S19 Nyquist plots for the Sb, Sb@SC, Sb@PNC, Sb@NC cells (a) after the first cycle and (b) 

after 5 cycles acquired by using a sine wave with an amplitude of 10.0 mV over the frequency range 

of 100 kHz−100 mHz. The insets show the equivalent circuits applied for data fitting. Re, Rf, and Rct 

represent electrolyte resistance, SEI film resistance, and charge-transfer resistance, respectively. 

CPE1 and CPE2 are the abbreviation of the constant phase elements, usually corresponding to the 

SEI film capacitance and the double-layer capacitance, respectively. Zw is the Warburg impedance, 

commonly ascribed to the diffusion of sodium ions into the bulk electrodes.

Table S1. Kinetic parameters of the Sb, Sb@SC, Sb@PNC, Sb@NC cells after different cycles.

Sample
Re (after 1 

cycle)
Rf (after 1 

cycle)
Rct (after 1 

cycle)
Re (after 5 

cycles)
Rf (after 5 

cycles)
Rct (after 5 

cycles)

Sb 13.0 62.8 0.01 9.3 188.2 0.01

Sb@SC 8.2 144.1 0.01 8.4 186.4 0.01

Sb@PNC 10.0 117.8 0.01 9.3 123.5 0.01

Sb@NC 9.1 92.1 0.01 9.3 95.4 0.01



S20

Table S2. A survey of nitrogen contents in electrode materials.

Electrode material Synthetic method Nitrogen content Reference

Ionic liquid-derived nitrogen-

enriched carbon
Pyrolysis of Emim-dca 16.86 wt% This work

Nitrogen-doped carbon sheets Carbonization of okara 9.89 at.% 1

Nitrogen-doped carbon 

nanofiber film
Carbonization of PI nanofiber film 7.15 wt% 2

Highly crumpled nitrogen-

doped graphene sheets

Thermally induced expansion of the 

mixture of GO and cyanamide
6.53 wt% 3

Nitrogen-doped mesoporous 

hollow carbon spheres
Chemical vapor deposition 7.5 at.% 4

ZIF-8 derived carbon 

polyhedrons
Carbonization of ZIF-8 18.7 wt% 5

Nitrogen-doped activated 

carbons
Heat treatment of corncobs ~4 wt% 6

Nitrogen-doped porous 

interconnected doubled-

shelled hollow carbon spheres

Chemical treatment of 

Fe3O4@polyacrylamide-derived 

carbon

2.17 wt% 7

3D N-doped graphene foams
Annealing the freeze-dried 

graphene oxide foams in ammonia
6.8 at.% 8

Highly nitrogen-doped porous 

carbon

Pyrolysis of a nitrogen-containing 

zeolitic imidazolate
17.72 wt% 9

Graphitic carbon nitride 

nanosheet−carbon nanotube 

porous composite

Low-temperature self-assembly 23.7 wt% 10

N-doped CNTs
Thermally treated under Ar/NH3 at 

1100 oC
3.56 at.% 11

Mesoporous nitrogen-rich 

carbon
Pyrolysis of protein 7.11 wt% 12

N-doped carbon coating Carbonization of polydopamine 14.16 wt%a 13

Nitrogen-doped graphene
Thermal annealing the mixture of 

melamine and GO
10.1 at.% 14

Nitrogen-doped carbon 

nanotube

Aerosol-assistant catalytic chemical 

vapor deposition
2.89 at.% 15

a The nitrogen content is calculated based on the mass of N-doped carbon in the Fe3O4@NC composite.
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Table S3. Electrochemical performances of Sb-based anode material in SIBs.

Active material
Voltage 

range (V vs. 
Na/Na+)

Mass
loading

(mg cm−2)

Composition 
(wt%)

Current 
density 

(mA g−1)

Reversible 
capacity

(mAh g−1)
Reference

Sb@NC 0.01−2 0.8−1.2
Sb: 62.0

C: 38.0
100

395 (after 100 

cycles) a
This work

Sb@NC 0.01−2 0.8−1.2
Sb: 62.0

C: 38.0
100

565 (after 100 

cycles) b
This work

Sb@NC 0.01−2 0.8−1.2
Sb: 62.0

C: 38.0
100

328 (after 300 

cycles) a
This work

Hollow Sb@C 

yolk−shell 
nanospheres

0.01−2.6 Not reported
Sb: 82.4

C: 17.6
1000

280 (after 200 

cycles) a
16

Sb/porous carbon

nanocomposites
0.01−2.0 0.8−1.1

Sb: 64.15

C: 35.85
100

523 (after 250 

cycles) b
17

Cu2Sb 0.05−2 0.6 mg cm−2
Sb: 48.9

Cu: 51.1
800

256 (after 200 

cycles) c
18

Sb-AlC0.75-C 

composite
0−2.0 Not reported

Sb: 63

AlC0.75-C: 37
100

243 (after 100 

cycles) a
19

Sb−CNC hybrid 0 −2 ~1.0
Sb: 66.5

C: 33.5
100

439 (after 150 

cycles) a
20

Zn-Sb 

nanowires
0.01−2.0 1.0 Zn4Sb3: 100 414

298 (after 200 

cycles) c
21

Sb/cross-linked 

chitosan as polymer 

binder

0.01−2.0 ~1.0 Sb: 100 600
463 (after 100 

cycles) b
22

NP-Sb70 0.1−1.5 Not reported Sb: 100 100
574 (after 200 

cycles) b
23

Sb@TiO2−x 

Nanotubes
Not reported 1−1.5

Sb: 75

TiO2-x: 25
660

547 (after 120 

cycles) a
24

Sb@C coaxial 

nanotubes
0.01−2.0 ~0.9

Sb: 60.9

C: 39.1
150

407 (after 240 

cycles) a
25

Sb/N-carbon+CNTs 0.01−2 1.0−1.2
Sb: 64

C: 36
100

543 (after 200 

cycles) a
26

Sb@C 

microspheres
0.01−2.0 ~2.5

Sb: 41

C: 59
180

456 (after 300 

cycles) b
27

SbNPs@3D-C 0.01−3 Not reported
Sb: 31.2

C: 68.8
100

430 (after 500 

cycles) a
28

Sb/C/G 

nanocomposite
0.01−2 ~2.5

Sb: 41.8

C: 58.2
125

428 (after 300 

cycles) b
29

Sb-O-G 0.01−2 2−3 Sb: 53 250 460 (after 200 30
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micro/nanomaterial C: 47 cycles) a

SiC–Sb–C 

composite
0.01−2.0 ~2

Sb: 70

SiC-C: 30
100

492 (after 100 

cycles) a
31

I-Sb/rGO

composite
0.1−2.0 ~2

Sb: 53

C: 47
500

173 (after 150 

cycles) a
32

Nano-Sb@C 

composite
0.01−2.0 ~0.8

Sb: 68.8

C: 31.2
100

385 (after 500 

cycles) a
33

Bi0.57Sb0.43-C 0.05−2 ~2
Bi-Sb: 83.4

C: 16.6
100

375 (after 50 

cycles) a
34

G@NiSb/Sb@NF 0.01−2.0 1.26
Sb: 5.5

C: 0.15
200

340 (after 50 

cycles) a
35

Sb PHMSs 0.01−2 1.0−1.2 Sb: 100 100
617 (after 100 

cycles) b
36

Sb nanorod arrays 0.01−2.0 ~0.4 Sb: 100 200
521 (after 250 

cycles) b
37

Sb/CCHI 

nanocomposite
0.01−2.0 ~2

Sb: 40.9

C: 59.1
500

372 (after 100 

cycles) a
38

Sb/ICNNs 

composite
0.01−2 Not reported

Sb: 80.8

C: 19.2
100

542 (after 100 

cycles) a
39

Sb/MLG hybrid 0.01−2 1.0−1.5
Sb: ~40

C: ~60
100

406 (after 200 

cycles) a
40

Sb@3D RCN 0.01−2.8 ~0.7
Sb: 68

C: 32
132

404 (after 100 

cycles) a
41

Pitaya-like Sb@C 

microspheres
0.01−2.0 Not reported

Sb: 40.8

C: 59.2
44

609 (after 100 

cycles) b
42

Sb@S,N-3DPC 0.001−2.0 ~0.7
Sb: 56

C: 44
100

451 (after 500 

cycles) a
43

Sb/rGO paper 0.01−2.0 ~0.25
Sb: 35.3

C: 64.7
1000

467 (after 100 

cycles) a
44

Sb NCs 0.02−1.5 ~0.5 Sb: 100 660
550 (after 250 

cycles) b
45

Sb2S3-graphite 0.01−2.8
1.5 

mg/electrode

Sb2S3: 80

C: 20
1000

656 (after 100 

cycles) a
46

Sb-C-G composite 0.01−2.0 Not reported
Sb: 15.1

C: 84.9
100

274 (after 100 

cycles) a
47

CL-Sb 0.01−2.00
1.0−1.2 

mg/electrode
Sb: 100 100

629 (after 120 

cycles) b
48

Sb/Sb2O3−PPy 0.001−1.5 0.67
Sb/Sb2O3:93.3

C: 2.7
66

512 (after 100 

cycles) b
49

RGO-SnSb

nanocomposite
0.001−2.5 Not reported Not reported 100

361 (after 80 

cycles) a
50

NiSb hollow 

nanospheres
0.01−2.0 Not reported NiSb: 100 60

500 (after 70 

cycles) c 51
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ZnSb/C composite 0.0−2.0 Not reported Not reported 50
301 (after 30 

cycles) a
52

SbOx/RGO 0−2 ~1.5
Sb: ~75

C: ~25
1000

409 (after 100 

cycles) a
53

Sb−carbon 

composite
0.001−2 Not reported

Sb: ~46

C: ~54
300

372 (after 100 

cycles) a
54

Sb–C nanofibers 0.01−2.0 ~0.7
Sb: 38

C: 62
200

446 (after 400 

cycles) b
55

Sb/G 0.005−2.0 Not reported
Sb: 84.1

C: 15.9
20

211 (after 30 

cycles) a
56

Sb–N/C composite 0.01−3.00 1.0−2.0
Sb: 15.6

C: 84.4
50

305 (after 60 

cycles) a
57

20 nm Sb 

nanocrystals
0.02−1.5 ~1.0 Sb: 100 660

~580 (after 

100 cycles) b
58

CNF-SnSb 0.0001−2.0 1.5−2.0
SnSb: ~60

C: ~40
100

345 (after 205 

cycles) a
59

Sn−Ge−Sb alloys 0.01−2 Not reported

Sb: 28.2

Sn: 55.0

Ge: 16.8

85
656 (after 50 

cycles) c
60

Sb/MWCNT 

nanocomposite
0−2 1.0−1.2

Sb: 75.3

C: 24.7
200

382 (after 120 

cycles) a
61

rGO/Sb2S3 0−2 ~1.0
Sb2S3: 83

C: 17
50

670 (after 50 

cycles) a
62

SbNP@C 0−2
3.0 

mg/electrode

Sb: 54

C: 46
100

350 (after 300 

cycles) a
63

SiC−Sb−C 

nanocomposites
0.01−2.0 Not reported

Sb: 70

SiC−C: 20
100

480 (after 50 

cycles) a
64

Sb/C 

nanocomposite
0−2 ~3.0

Sb: 70

C: 30
100

575 (after 100 

cycles) b
65

SnSb/C 

nanocomposite
0−1.2 Not reported

SnSb: 70

C: 30
100

435 (after 50 

cycles) c
66

Bulk Sb 0.02−1.5 1.4 Sb: 100 330
~580 (after 

160 cycles) b
67

a The capacity value is calculated based on the mass of Sb-based composite; b The capacity value is calculated on the basis of 

Sb only; c The capacity value is calculated based on the mass of MSb (M = Cu, Sn, Bi, Ni, Zn, or Ge).
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