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Calculations:

(1) The specific capacitances of the N-GNTs @OV-Bi,0O; NSAs or N-GNTs
@CoNi,S4 NPs electrode calculated from GCD curves are obtained according to the

following equation:

IAt

C mAV

where [ is the discharge current, Az is the discharge time in GV test, m is the active
material mass, and AV is the voltage window.

(2) The specific capacitance of the N-GNTs @OV-Bi,0; NSAs // N-GNTs @CoNi,S,
NPs asymmetric supercapacitor (ASC) device can be got in accordance with the

following equation:

A
device M A V

Herein, / is the discharge current, Az is the discharge time in GCD test, M is the total
mass of both positive and negative electrodes, and AV is the voltage window of the
device.

(3) Methods to calculate the energy and power density of the ASC device:

E=ic mﬂ;P=£
2 t

device

Here, Cgevice 18 the specific capacitance of the device, AV is the potential window, and

t is the discharge time.
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Fig. S1 The Raman spectrum (a), high-resolution XPS N1s (b) and C1s (c) of the pure N-GNTs.



Tab. S1 Atomic percentage of each element in the N-GNTs obtained from the

XPS spectra.

Element name atomic (%)
C 97.11
N 2.07
(0] 0.82

Fig. S2 TEM image of N-GNT@Bi,0; NSAs
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Fig. S3 The GCD measurements of the N-GNTs@Bi,0O; NSAs (a) and Bi,O; NSAs (b).
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Fig. S4 GCD curves of N-GNTs@OV,5-Bi,0; (a) and N-GNTs@OV,-Bi,0; (b) at various

current densities, and their specific capacitance values versus different current densities (c)
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Tab. S2 Comparison of the electrochemical properties of the as-fabricated N-GNT

@OV-Bi,0; NNAs with previously reported negative electrode materials.

Specific
Fabrication current Rate Refer
Material electrolyte capacitance
method collector performance ence
(Fgh
Bi,03 Hydrothermal Ni foam 6M KOH 447 2A gh) 260 (10 A g Sl
Polyamide
FeOOH electrodeposition ~ Nanofiber 2M LiCl 315(05A¢gh)  194(10A gl S2
Film
Hydrothermal
Bi,S;3 S-NCNF 6M KOH 466 (1 A gh) 299 (8 A gh) S3
and calcination
thermal 347 (10 mV s7! 140 (160 mV
Fe,03; QDs Ti Foil 1M Na,SOy4 S4
decomposition ) s7h
1324(16 A g
rGO/Fe,03 Hydrothermal Ni foam 2M KOH 469.5 (4 A gh S5
D)
0.5M 3322 (20 A
WO; calcination GCE 508 (1 Agh S6
H,SO0, gfl)
443 (25 A
rGO/Fe,05 solvothermal Ni foam 4M KOH 5201 Agh) S7
g
NiNTAs@ electrodeposition 418.7 (10 mV
Ti Foil 1M Na,SO, — S8
Fe,03 and calcination s7h
Hydrothermal
Fe,O3-P carbon cloth 1M Na,SO; 369 (1 mVs!) — S9
and calcination
Hydrothermal ~170 (10 A g
MoS,/GNS Ni foam IMNa,SOs 3202A g S10
and calcination D}
N- In
Graphite
GNT@OV- Hydrothermal 6M KOH 643 (1A g 450 (10 A g') this
wafer
Bi,0; work



file:///C:/Users/admin/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/%3Fkeyword=current
file:///C:/Users/admin/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/%3Fkeyword=collector

120

u
100m m Il-..-.........-..

S
= 804
£ -1
£ @8Ag
g 601 93.3%
s |N-GNTs@OV-Bi,0, NSAs
“ 273
g 401
)
s |
T
& 20-
Ol 2 T X T )4 T hd T od T
0 1000 2000 3000 4000 5000

Cycle number

Fig. S5 Cyclic stability of the N-GNTs@OV-Bi,O; NSAs negative electrode

materials over 5000 cycles at 8 A gl
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Fig. S6 XPS survey spectrum of N-GNTs@CoNi,S4 NPs



Tab. S3 Electrochemical performances comparison of the as-prepared N-GNT

@CoNi,S, HNAs with other Ni-Co compound based positive electrodes fabricated by

different methods.
Specific
Fabrication current Rate Refer
Material electrolyte  capacitance (F
method collector performance ence
g
Solvothermal Carbon
NiS 2M KOH 8745 (1 Agh 4545(20A ¢gh S11
and calcination  substrate
Ni-Co-S@Ni-W-  Hydrothermal
Ni foam 6M KOH 1988 2 Agh) 1500 30 A g S12
o and calcination
Chemical
CoNi,Sy Ni foam 2M KOH 1530 (1 A gh) 1346 8 A g'!) S13
deposition
NiCo0,04/CNT Calcination Ni foam 2M KOH 1596 (1 A gh) 1406 (10 A g  S14
NiCo284/Co9S8 Hydrothermal Ni foam 6M KOH 749 (4 A gh) 620 (15A g™ S15
Hydrothermal
NiGa,04 NAs Ni foam 6M KOH 1508 (1 A gh) 960 (20 A g S16
and calcination
NizsS2@NiS Hydrothermal Ni foam 6M KOH 1158 2 A gh 670 (50 A g™ S17
Hydrothermal Carbon
NiC0,04 2M KOH 1055 (0.4 A g 483(10A g™ S18
and calcination  cloth
Hydrothermal Carbon
C0304@NiCo0,04 2M KOH 1450 (1 A gt) 1374 3A g™ S19
and calcination  cloth
H-3DRG@NiCo-
Hydrothermal Ni foam 2M KOH 1634 (0.5A g 1260(20A g S20
LDH
Hydrothermal In
N- Graphite
and 6MKOH 2142 (25A¢g") 178525 A g-1) this
GNT@CoNi,S, wafer
sulfuration work
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Fig. S7 Cyclic stability of the N-GNTs@ CoNi,S4 NPs positive electrode materials

over 5000 cycles at 12.5 A g'l.
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Fig. S8 CV curves of the N-GNTs@OV-Bi,0O; NSAs and N-GNTs@CoNi,S; NPs at 10 mV s -1,
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Fig. S9 The Nyquist plot of the assembled N-GNTs@OV-Bi,03 NSAs//N-GNTs@CoNi,S; NPs

asymmetric supercapacitor.
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Tab. S4 The maximum specific energy density comparison of our device with the

reported state-of-the-art ASC devices with other nanostructures as electrode materials.

Cell
Maximun energy density
ASC devices voltage  electrolyte Reference
(Whkg™)

V)
CoNi,S4/CNT//Fe,05/CNT 1.7 2 M KOH 50 (0.847 kW kg) S13
NiCo,04/NC 1.6 31.9 (2.9 kW kg™ S18

PVA/KOH

(Nig,1C00.9)9Ses@CFC//rGO@CFC 1.55 PVA/KOH 17.0 (3.1 kW kg') S21
ESCNF@Bi,05/CF@NiC0,0;4 1.9 IM KOH 25.1(0.786 kW kg™) S22
LDH-NPs/CH-NWs//AC 1.6 6M KOH 58.9 (0.4 kW kg™ S23
Ni3S,/CoNi,S4/NF//AC/NF 1.7 6M KOH 50.7 (1.59 kW kg™1) S24
NiCo,04@NixCo,M0oO.//AC 1.5 PVA-KOH 64.7 (0.75 kW kg™1) S25
C0304/ZnC0,04/CuO//AC 1.6 PVA-KOH 35.8 (0.80 kW kg™1) S26
Ni(OH),-CoQD//rGO 1.45 2M KOH 46 (0.14 kW kg™") S27
NiCo,S4/NCF//OMC/NCF 1.6 6M KOH 45.5 (0.5 kW kg™ S28
N-GNT@CoNi,S,//N-GNT@OV-

1.6 6M KOH 86.6 (1.6 kW kg™) In this work

Bi,O;
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Tab. S5 Cycle performance comparison of the assembled ASC with other state-of-

the-art ASC devices with various positive and negative electrodes.

ASC devices Cell electrolyte Cycle performance Reference
voltage
V)
81% retention after 5000
Bi,03//MnCO;QDs/NiH-Mn—CO; 1.5 6M KOH S1
cycles

83% retention after 5000
CuCo0,04/Cu0//rGO/Fe,03 1.6 2M KOH S5
cycles

84.1% retention after 5000
Ni(OH),-CoQD//RGO 1.45 2M KOH S27
cycles

70.4% retention after 10000
NiCo0,S4/NCF /OMC/NCF 1.6 6M KOH S28
cycles

80% retention after 5000
MnO,/CNT//CNT/PPy 1.5 KOH S29
cycles

81.1% retention after 1000
HP-CF-NiCo,S,//HP-CF-Fe,03 1.7 3M KOH S30
cycles

90% retention after 2500
MnCo,04@Ni(OH),//AC 1.6 2M KOH S31
cycles

80% retention after 800
PEDOT@MnO,//C@Fe;0, 2 PVA-LiCl S32
cycles

68% retention after 5000
NiO//Fe,03 1.8 2M KOH S33
cycles

82% retention after 5000
FeOOH/PPy@CF//MnO,/CF 1.6 PVA/LiCl S34
cycles

97% and 85.5% retention
N-GNTs@CoNi,S4//N-GNTs@OV- In this
1.6 6M KOH  after 6000 and 10000 cycles,
Bi,0; work
respectively
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Fig. S10 The GCD curves of the first 30 cycles for the assembled device.

16



Voltage (V)

: |

T T L] T
0 200 400 600 300
Time (s)

Fig. S11 The GCD curves of the last 20 cycles for the assembled device.
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The operation mechanism of positive and negative electrodes is specifically
expounded as follows.

In KOH aqueous electrolyte, the OH- ions are proposed to be repeatedly
embedded/detached into/from the active materials for oxidation and reduction
reactions. Concretely, when the assembled ASC is charged, the positive electrode
N-GNTs@CoNi,S, is oxidized, representing as CoNi,S; + 20H- — CoS,,OH +
Ni;S42,OH + 2e, 335536 and the negative electrode N-GNTs@OV-Bi,0; conducts
the reduction reaction according to the process of Bi,O; + H,O + 2¢- — Bi,O, +
20H, Bi,0, + 2H,0 + 4e¢ — 2Bi + 40H-. S1'5%7 In terms of the discharging
procedure, the reactions occur backward. It can be seen that during the
charging/discharging process, as for the positive and negative electrode, one
consumes OH-, and the other generates OH". Thus, both the electrodes store the
same OH- group, and after charging/discharging process, the electrolyte can still
make neutral. It is consistent with the operation mechanism of previous reported
asymmetric supercapacitor devices with different positive/negative electrode

materials in KOH aqueous solution. 55538541
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