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Fig. S1 Schematic illustration for the two-step calcination process towards synthesis 

of HNCSs-700, HNCSs-800, and HNCSs-900.
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Fig. S2 (a ‒ f) FESEM and (g ‒ i) TEM images of (a, d, g) HZMSs-2, (b, e, h) 

HZMSs-4 and (c, f, i) HZMSs-8.

The FESEM images of HZMSs-x (x=2, 4, 8) (Fig. S2) all also display the hollow 

microspheres (HMSs). The average diameters of HZMSs-2, HZMSs-4 and HZMSs-8 

(Fig. S2a-f) are ~860, ~1000 and ~1190 nm, respectively, which gradually augment 

with the increasing temperature. On the contrary, the average shell sizes of HZMSs-2, 

HZMSs-4 and HZMSs-8 (Fig. S2g-i) are ~170, ~180 and ~460 nm, suggesting that 

the higher solvothermal temperature applied can accelerate cavitation process. 
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Fig. S3 XRD patterns of HZMSs, HZMSs-2, HZMSs-4 and HZMSs-8.

The full width at half maximum of the diffraction peak at 10.7° decreases from 

1.4° to 1.1°, and the diffraction peaks located at 2θ range from 10.7 to 21.2° become 

more obvious, suggesting that the crystallization degree of the samples increases with 

the increasing solvothermal temperature.
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Fig. S4 Yields of the HZMSs and HZMSs-x (x = 2, 4, 8). 

The yields of HZMSs and HZMSs-x (x=2, 4, 8) are calculated based on the 

content of Zn(NO3)2·6H2O, corresponding to 55.3%, 12.9%, 44.0%, and 55.3%, 

respectively (Fig. S4). This result indicates that the reaction progress is basically 

stable when the solvothermal temperature increases to 160 °C. 
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Fig. S5 DSC and TG curves of HZMSs.

DSC curve displays three broad endothermic peaks corresponding to the loss of 

adsorbed water (P1, 79 °C), the pyrolysis process (P2, 438 °C) and volatilization of 

Zn (P3, 773 °C), which accords with the obvious mass losses on the TG curve.
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Fig. S6 TEM image of the product obtained just after solvothermal treatment for 0.5 h 

at 160 °C. 
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Fig. S7 STEM images and corresponding element mapping images of Zn, C, O and N 

for (a) SZMSs, (b) CSZMSs, (e) YSZMSs and (f) HZMSs-1.
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Fig. S8 (a) N2 ad-/desorption isotherms, (b) mesopore/macropore and (c) micropore 

size distribution plots for the SZMSs and HZMSs-1.

The N2 ad-/desorption isotherms of SZMSs and HZMSs-1 (Fig. S8a) are used to 

quantify the pore structure, which belong type IV isotherms with a H3-type hysteresis 

loop. Besides, the N2 ad-/desorption capacity of HZMSs-1 is significantly higher than 

that of SZMSs. To be specific, the HZMSs-1 has a higher specific surface area (~38.4 

m2 g–1) and a larger total pore volume (~0.18 cm3 g–1) than that of SZMSs (~11.0 m2 

g–1, ~0.07 cm3 g–1). According the pore size distribution plots (Fig. S8b, c), the 

average pore size of HZMSs-1 is ~18.4 nm, smaller that of the SZMSs (~24.9 nm). 

Therefore, it is easy to conclude that the solvothermal time plays an important role in 

promoting the formation of HZMSs-1 with more abundant pores.
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Table S1 The atomic percent of Zn, C, O, N in the SZMSs, CSZMSs, YSZMSs and 
HZMSs-1

Sample Zn C O N C/Zn

SZMSs 5.2 76.7 17.0 1.1 14.75

CSZMSs 5.1 75.1 18.6 1.2 14.72

YSZMSs 4.9 74.8 19.3 1.0 15.27

HZMSs-1 4.5 74.3 20.1 1.1 16.51



S-11

1000 1250 1500 1750 10 20 30

VIVIIIII

Tr
an

sm
itt

an
ce

 (%
)

Wave number (cm-1)

I

SZMSs

CSZMSs

YSZMSs

HZMSs-1

In
te

ns
ity

 (a
.u

.) YZMSs
CZMSs
SZMSs

HZMSs-1

Zn2-BTC1 CCDC No. 838769

2 ()

 Zn3-BTC2 CCDC No. 1274034

Fig. S9 FT-IR spectra of the SZMSs, CSZMSs, YSZMSs and HZMSs-1.

The functional groups of organic-ligand are discerned by analyzing the FT-IR 

spectra (Fig. S9). The bands at 1015 cm–1 (I) and 1095 cm–1 (II) are assigned to the 

para-aromatic C-H.1-3 Besides, the band (III) at 1217 cm–1 represent the stretching 

vibrations of the NO2 group,4 which disappears in HZMSs-1. In addition, the band (IV) 

at 1370 cm–1 is ascribed to stretching vibration of -COO–.5 Furthermore, the band (V) 

at 1415 cm–1 is attributed to the stretching vibrations of C-N from DMF.1,6 
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Fig. S10 High resolution elemental XPS spectra of (a ‒ d) SZMSs and (e ‒ h) 

HZMSs-1, and (i) atomic percentage of different function group.

In order to further confirm the elemental composition and chemical bond of 

SZMSs and HZMSs-1 samples, the XPS was conducted, and detailed results are 

collected in Fig. S10. The C 1s (Fig. S10a, e) can be subdivided into three peaks at 

~284.8 (CI), ~286.0 (CII) and ~288.3 eV (CIII), which are ascribed to the C–C/C=C, 

C–O/C–N and O-C=O groups.7 the N 1s spectra (Fig. S10b, f) show three peaks at 

~400.0 (NI) and ~406.9 eV (NII), which are attributed to the C-N and N-O groups, 

respectively.8 Meanwhile, the high-resolution O 1s spectra (Fig. S10c, g) mainly 

present two oxygen species, that is, O=C/Zn-O (OI, ~531.6 eV)9,10 and O-N/C-OH 

(OII, ~532.5 eV)11. As for the Zn 2p spectra (Fig. S10d, h), the peaks centered at 

~1021.8 and ~1044.9 eV, confirming the presence of Zn-O.9 Therefore, the 

disappearance of N-O functional group suggests that the phase structure has changed 

between HZMSs-1 and SZMSs.
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Fig. S11 XRD patterns of SZMSs, CSZMSs, YSZMSs and HZMSs-1.

Some obvious diffraction peaks appear at 8.7, 10.7, 13.8 and 17.6 ° for SZMSs. 

However, just one obvious peak appears at 10.7 ° in HZMSs-1. It demonstrates that 

the Zn2-BTC1 (CCDC No. 838769) structure for SZMSs has transformed into Zn3-

BTC2 (CCDC No. 1274034) structure in HZMSs-1.12,13 
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Table S2 Summary of SSAtotal, SSAmic, SSAmeso, APS and Vtotal data for some 

reported carbon nanomaterials

Sample
SSAtotal

(m2 g1)
SSAmic

(cm2 g–1)
SSAmeso

(cm2 g–1)
APS
(nm)

Vtotal

(cm3 g–1)
Refs.

CNT-HCS 500.8 ~ ~ ~ 0.55 14

HCS-2 670.0 ~ ~ ~ 0.44 15

C/KOH-700 1113 889 224 1.1-2.4 0.68 16

N-HMCSs 750 ~ ~ ~ 1.01 17

MnO2/HCS-30 379 299 71 3.9 0.21 18

N-HCS 911 581 ~ ~ 0.92 19

SO-HCS 670 ~ ~ ~ 0.91 20

NHCS-E10 306 131 ~ ~ 0.23 21

IPHHCSs 951 ~ ~ ~ 0.86 22

NHCSs 112.4 ~ ~ 1.21 0.34 23

N-HMCS-0.1 876 ~ ~ ~ 1.6 24
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Table S3 Summary of XPS data for the HNCSs-700, HNCSs-800, and HNCSs-900 

samples

HNCSs-700 Binding 
energy (eV)

Ratio
(at.%) HNCSs-800 Ratio

(at.%) HNCSs-900 Ratio
(at.%)

C 1s 89.1 91.7 92.2

C-I 284.8 50.7 C-I 61.7 C-I 46.8

C-II 286.2 21.2 C-II 20.9 C-II 16.8

C-III 289.0 17.1 C-III 9.1 C-III 28.6

N 1s 4.5 4.4 3.9

N-6 398.6 2.6 N-6 1.2 N-6 0.6

N-5 400.1 1.0 N-5 2.7 N-5 2.2

N-Q 401.5 0.9 N-Q 0.5 N-Q 1.1

O 1s 6.4 3.9 3.9

O-I 531.6 4.9 O-I 1.0 O-I 1.4

O-II 532.5 0.7 O-II 1.2 O-II 1.9

O-III 533.6 0.7 O-III 1.7 O-III 0.6
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Fig. S12 GCD plots of (a) HNCSs-900, (b) HNCSs-700 and (c) HNCSs-800 at 

various current densities from 2 to 10 A g–1 in the three-electrode systems. 
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Fig. S13 GCD curves of the HNCSs-900 in the three-electrode systems for (a) 1 M 

Na2SO4, (b) 1 M Li2SO4 and (c) 1 M K2SO4 aqueous electrolyte at various current 

densities from 1 to 7 A g–1.
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Fig. S14 Ragone plots of the assembled HNCSs-900//HNCSs-900 cell.
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Table S4 Comparison of GSC between HNCSs-900 and some reported carbon 

nanomaterials in three-electrode system

Sample Electrolyte
Current 
density
(A g–1)

GSC
(F g–1)

Active material 
loading

(mg cm-2)
Refs.

HNCSs-900 6 M KOH 1 254.6 5.0 our work

HNCSs-900
1 M 

H2SO4
1 284.4 5.0 our work

CNT-HCS 6 M KOH 0.5 201.5 ~ 14

HCS-2 6 M KOH 0.5 160.8 2-3 15

C/KOH-700 6 M KOH 1 295 4-5 16

HPGS 6 M KOH 1 227 3 25

N-HMCSs 6 M KOH 1 170 7-8 17

MnO2/HCS-30
1 M 

Na2SO4
1 255 3 18

N-HCS 6 M KOH 0.5 173 7-8 19

SO-HCS
1 M 

H2SO4
0.1 210.7 ~ 20

NHCS-E10 6 M KOH 0.5 125 ~ 21

IPHHCSs 6 M KOH 1 295 2.2 22

NHCSs 6 M KOH 0.5 263.6 3-6 23

N-HMCS-0.1 6 M KOH 0.5 307 4-5 24
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Table S5 Comparison of self-discharge rates for supercapacitors using aqueous 

electrolytes 

Devices
OCVs decay rate 

(V)

Leakage 
current 
（mA）

Electrolyte Refs.

HNCSs//HNCSs 1.6-1.2 for 5 h 0.011 1 M Na2SO4 This work

NSHPC//NSHPC 1.0-0.74 for 24 h 0.156 6 M KOH 26

TBC-K1.1//TBC-K1.1 0.9-0.26 for 24 h 0.15-0.17 1 M H2SO4 27

ACTS-1.0//ACTS-1.0 1.0-0.83 for 1 h 0.02 6 M KOH 28

NiCo2O4@NC//rGO 1.5-1.3 for 24 h 0.02 6 M KOH 29

NiO/DSM-C//DSM-C 1.4-0.5 for 24 h 0.06 6 M KOH 30

NiS/rGO//IHPC 1.6-0.75 for 24 h 1.7 6 M KOH 31

NS-132//NS-132 1.7-0.83 for 22 h 106 1 M Li2SO4 32

Asn-5-NaHCO3//Asn-5-NaHCO3 1-0.62 for 1 h 0.018 6 M KOH 33
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Table S6 Comparison of electrochemical properties between HNCSs-900 and 

previously reported carbonaceous materials for symmetrical supercapacitor

Devices
Voltage window

(V)
Electrolyte

GED (Wh kg–1)
/GPD (kW kg–1)

Reference

HNCSs-900//HNCSs-900 0-1.6 V 1 M Na2SO4 9.3/0.8 our work

CNT-HCS-1.2//CNT-HCS-1.2 0-1.6 V 1 M Na2SO4 ~3/1 14

CNT-HCS//CNT-HCS 0-1.6 V 1 M Na2SO4 11.3/0.13 14

HCS-2//HCS-2 0-1 V 6 M KOH 6.2/0.025 15

C/KOH-700//C/KOH-700 0-1 V 6 M KOH 8.3/1.1 16

C-700//C-700 0-1 V 6 M KOH 2.7/0.9 16

HPGS//HPGS 0-1.2 V 6 M KOH 8.7/0.6 25

N-HMCS-0.1//N-HMCS-0.1 0-0.8 V 6 M KOH 11.2/0.7 24

N300-F-AC//N300-F-AC 0-1 V 6 M KOH 2.54/0.7 34

L-700//L-700 0-1 V 6 M KOH 8.5/0.1 35

CPC-5-700//CPC-5-700 0-1 V 6 M KOH 8.8/0.1 36

ACJM//ACJM 0-1.2 V 1 M H2SO4 9.9/0.53 37
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