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Supplementary Figures and Tables

Fig. S1 Photographs of HC after carbonization at the temperature of 1300 °C

Fig. S2 TG-DSC and DTG curves of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA

Fig. S3 The SEM images of carbon spheres prepared by hydrothermal reaction of fructose with cysteine

Fig. S4 The SEM images of (a-d) 1300-F, (e-h)1100-FCA, (i-l) 1300-FCA, (m-p)1500-FCA

Fig. S5 HRTEM images of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA

Fig. S6 XPS full spectra and elemental content ratio of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA


Fig. S7 High-resolution XPS spectra of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA


Fig. S8 The peak fitting of the d002 peak of the XRD pattern of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA


Fig. S9 The fitted Raman spectra of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA


Fig. S10 Pore diameter distribution of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA


Fig. S11 Small-angle X-ray scattering (SAXS) fitted pattern of 1300-F, 1100-FCA, 1300-FCA and 1500-FCA


Fig. S12 Schematic diagram of closed pores for hard carbon


Fig. S13 CV curves of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA for the first 3 cycles


Fig. S14 GCD curves of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA for the first 3 cycles at 0.05 A g-1, 0.1A g-1, 0.2A g-1


Fig. S15 The rate performance of 0.05 A g-1 to 1.0 A g-1 and the charge/discharge profiles of 1300-FCA at different current densities


Fig. S16 The rate performance of 0.05 A g-1 to 5.0 A g-1 and the charge/discharge profiles of 1300-F, 1100-FCA and 1500-FCA at different current densities


Fig. S17 Cycling performance of 1300-FCA at 0.5 A g-1


Fig. S18 Cycling performance of 1300-FCA at 1.0 A g-1


Fig. S19 XRD patterns of hard carbon prepared from different kinds of amino acids


Fig. S20 The rate performance properties and GCD curves of the first three cycles for hard carbon prepared from different amino acids


Fig. S21 The CV curves and the diffusion- and surface-controlled contributions at various scan rates of 1300-F and 1300-FCA


Fig. S22 The corresponding correlations between peak current (i) and scan rate (v), normalized contribution ratio of capacitive capacities of 1300-F and 1300-FCA
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Fig. S23 Na+ ions diffusion coefficients of 1300-F and 1300-FCA
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Fig. S24 Gitt curves and Na+ diffusion coefficients of 1300-F and 1300-FCA
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Fig. S25 EIS spectra of 1300-F, 1100-FCA, 1300-FCA, 1500-FCA
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Fig. S26 DRT analysis obtained from EIS spectra of 1300-F and 1300-FCA
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Fig. S27 XPS etching spectra of 1300-F and 1300-FCA for Na 1s
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Fig. S28 SEI composition distribution of 1300-F and 1300-FCA calculated from the depth-profiling XPS spectra
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Fig. S29 HRTEM analysis obtained from inorganic composition of 1300-F and 1300-FCA

Fig. S30 2D Mapping of 1300-F and 1300-FCA for 3D TOF-SIMS
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Fig. S31 DFT analysis model for the top and side view of 1300-F and1300-FCA
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Fig. S32 Optimized structures and corresponding adsorption energies of Na adsorbed on 1300-F and 1300-FCA


Fig. S33 Optimized structures of Na salt adsorbed on 1300-F and 1300-FCA

Fig. S34 Rate performance of and cycling performance of NVP//Na half cell
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Fig. S35 The digital images of LED light by the full cell
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Fig. S36 Cycling performance of NVP//1300-FCA full cell at 0.5 C


Table S1 Analysis parameters of the HC from XRD and Raman spectroscopy
	Sample
	d (002)
(nm)
	La
	Lc
	ID/IG
	BET surface area (m2 g-1)

	1300-F
	0.370
	2.24
	1.08
	1.36
	0.6526

	1100-FCA
	0.443
	1.96
	0.95
	1.82
	2.7574

	1300-FCA
	0.388
	2.65
	1.28
	1.40
	0.3213

	1500-FCA
	0.368
	3.18
	1.54
	1.35
	0.1595



Table S2 The first cycles charge/discharge capacity and ICE in different current densities
	Current
Density
(mA g-1)
	Sample
	Discharge 
(mAh g-1)
	Charge 
(mAh g-1)
	ICE
(%)

	50 mA g-1
	1300-F
	264.9
	209
	79

	
	1100-FCA
	352.0
	294.5
	84

	
	1300-FCA
	407.93
	363.1
	89

	
	1500-FCA
	355.0
	311.5
	88

	100 mA g-1
	1300-F
	324.9
	239.9
	74

	
	1100-FCA
	370.0
	264.7
	72

	
	1300-FCA
	402.2
	343.8
	86

	
	1500-FCA
	328.9
	279.3
	85

	200 mA g-1
	1300-F
	291.9
	208.8
	72

	
	1100-FCA
	362.0
	254.5
	70

	
	1300-FCA
	375.7
	319.6
	86

	
	1500-FCA
	319.8
	265.0
	83




Table S3 Summary of representative publication with HC
	[bookmark: _Hlk174039329]Carbon source
(temperature of carbonization /℃)
	Capacity
(half cell)
	ICE (%)
	Cycling performance
(full cell)
	Ref

	



Fructose
(1300 ℃)
	363.0 mAh g−1 at 0.05 A g-1, 100 % retention after 150 cycles at0.1 A g-1, 96 % retention after 300 cycles at 0.3 A g-1, 95 % retention after 300 cycles at 0.5 A g-1, 94 % retention after 700 cycles at 1.0 A g-1, 79 % retention after 2500 cycles at 5.0 A g-1,
	




89.0%
	
94.2% retention after 300 cycles at 0.5 C, 89.2% retention after 700 cycles at 1.0 C and 98.1% retention for pouch cell after 715 cycles at 1.0 C
	

This work

	
Pitch
(1400 ℃)
	313.83 mAh g−1 at 0.1 C and 91.6 % retention after 200 cycles at 0.1 C
	

86.4%
	41.6% retention after 100 cycles at 0.2 C
	

 [S1]

	

Phenolic resin
(1400 ℃)
	340.3 mAh g−1 at 0.1 C, 94.9% retention after 250 cycles at 0.5 C and 86.4% retention after 1000 cycles at 2 C
	

88.5%
	86.1% retention after 300 cycles at 1.0 C
	

 [S2]

	Sucrose 
(1200 ℃)
	352.9 mAh g−1 at 0.02 A g-1 and 95% retention after 200 cycles at 0.05 A g-1.
	
88.0%
	82.5% retention after 100 cycles at 1.0 C
	 [S3] 

	
bamboo nodes (1300 ℃)
	346.9 mAh g−1 at 0.05 A g-1 and 90% retention after 1000 cycles at 1.0 A g-1.
	
74.0%
	
90% retention after 300 cycles at 1.0 A g-1
	 [S4] 

	
Natural bamboo (1300 ℃)
	[bookmark: OLE_LINK4]350 mAh g−1 at 0.02 A g-1 and 96% retention after 100 cycles at 0.1 A g-1.
	
86.8%
	
Not reported
	 [S5] 

	
D-(+)-glucose
(1300 ℃)
	347 mAh g−1 at 0.1 C and 73.1% retention after 300 cycles at 0.5 C.
	85.0%
	75.6% retention after 200 cycles at 0.15 A g-1
	 [S6] 

	Coal
(1300 ℃)
	356 mAh g−1 at 0.02 A g-1 and 91% retention after 3000 cycles at 1.0 A g-1.
	

88.1%
	46.1% retention after 80 cycles at 0.05 A g-1
	 [S7] 

	Isotropic coal tar pitch
(1300 ℃)
	304 mAh g−1 at 0.1 C and 83.3% retention after 400 cycles at 0.25 C.
	

88.4%
	
Not reported
	
 [S8]
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