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Fig. S1 (a) FE-SEM, (b) EDAX, and (c-e) EDS color mapping of the carbon coated CoO 

NWs/Ni foam.



Fig. S2 FE-SEM images of (a) Bare Ni foam, and (b) as-synthesized CoO NWs/Ni foam.



Fig. S3 EDAX spectrum of 3D CoO@MnO2 core-shell nanohybrid.



Fig. S4 Dark field STEM elemental mapping analysis of the CoO NWs (a) selected area and 

corresponding elemental mapping of (b) cobalt, (c) oxygen.



Fig. S5 High-resolution XPS spectrum of O1s for 3D CoO@MnO2 core-shell nanohybrid.
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Fig. S6 CV curves with different scan rates of CoO NWs.
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Fig. S7 GCD curves of 3 D CoO NWs at different current density.
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Fig. S8 GCD curves of CoO NWs and 3D CoO@MnO2 core-shell nanohybrid at 1 A g1.
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Fig. S9 GCD curves of 3D CoO@MnO2 core-shell nanohybrid at 5 A g1 (before and after 

stability).
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Fig. S10 EIS spectrum of 3D CoO@MnO2 core-shell nanohybrid before and after stability 

tests.



Fig. S11 TEM images with different magnification of as-synthesized NG.

The NG shows that the continuous, transparent, and crumpled graphene sheets were stacked 

together and formed a few-layered structure, which was perhaps initiated by N-atoms doped 

into graphene matrices. Also, it can be seen from the images that the physical structure and 

nature of NG sheets are not strongly affected during the current synthesis method.
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Fig. S12 CV curves of NG at different scan rates.
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Fig. S13 Specific capacitance vs the current density of as-synthesized NG (three-electrode 

system).
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Fig. S14 3D CoO@MnO2 core-shell nanohybrid and NG measured at the scan rate of 50 

mVs1 in a three electrode system.
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Fig. S15 The cycling stability of 3D core-shell CoO@MnO2 //NG ASC measured at a current 

density of 10 A g1 up to 10000 cycles test.
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Fig. S16 EIS comparison before and after stability test of 3D core-shell CoO@MnO2//NG 

ASC.



Table S1. Electrode properties comparison with reported literatures.

Reported

Electrode 
Materials

Electrolyt
e

Voltage 
window (V)

Current

density 

(A g-1)

Mass

Loading

(mg cm-2)

Csp

(F g-1)

Stability

(Cycle 
No.)

Referen
ce

No.

α-MnO2 
NWs@δ-MnO2

core-shell
6 M KOH -0.1-0.55 1 m hybrid ≈ 

1.5 231
98.1%

10000
1

Co3O4@NiO 
NWs 2 M KOH 0-0.55 2

m Co3O4 ≈ 
2.1

m NiO ≈ 0.9
853

95.1%

6000
2

ZnO@Co3O4 2 M KOH 0-0.52 1
m Co3O4 ≈ 

1.5

m hybrid ≈ 2.0
858

128.7%

6000
3

Ni@NiCo2O4 6 M KOH 0-0.45 1 m hybrid ≈ 
1.54 899

93.2%

6000
4

NiCo2O4@PAN
I

core-shell

1 M 
H2SO4

0-0.8 1 m hybrid ≈ 
0.89 901

91%

3000
5

Co3O4@CeO2 2 M KOH 0-0.45 2.08
m Co3O4 ≈ 

3.0

m hybrid ≈ 4.8
1038

94.4%

5000
6

Co3O4@CoMoO
4

3 M KOH 0-0.6 1 ─ 1040
87.55%

5000
7

Co3O4@Co(OH)
2

core-shell
2 M KOH 0-0.4 1

m Co3O4 ≈ 
1.2

m Co(OH)2≈ 
0.3

1095
92%

2000
8

NiCo2O4@3D 
graphene 6 M KOH 0-0.5 1 ─ 1402

76.6%

5000
9

SnO2@Ni(OH)2

core-shell
6 M KOH 0-0.5 0.5 ─ 1553 ─ 10

Co3O4@MnO2 1 M LiOH 0-0.5 1 m Co3O4 ≈ 1693 89.8% 11



Nanoeedle 
Arrays

1.0

m MnO2 ≈ 
0.67

5000

3D core-shell 
CoO@MnO2

6 M KOH -0.1-0.5 1
m CoO ≈ 1.24

m hybrid ≈ 
2.13

1835
97.7%

10000
This 
work

Table S2. ASC Device properties comparison with reported literatures.

Reported 

ASC Device
Electrolyte

Device

Window

(V)

Energy

Density

( Wh kg-

1)

Power

Density

( kW kg-

1)

Stability

(Cycle 
No.)

Reference

No.

GNR//GNR-MnO2 PAAK-KCl 0-2 29.4 12.1
88%

5000
12

H-TiO2@MnO2// H-
TiO2@C

core-shell
PVA-LiCl 0-1.8 59 0.045

91.2%

5000
13

MnO2/Carbon fiber//

Graphene/Carbon 
fiber

PVA-LiCl 0-1.5 27.2 0.98
95.2%

3000
14

V2O5/Pin//rGO PVA-
LiNO3

0-1.8 38.7 0.9
91.1%

5000
15

RuO2-IL-CMG// IL-
CMG

PVA-
H2SO4

0-1.8 19.7 0.5
79.4%

2000
16

NiCo2O4/CC//PGP PVA-LiOH 0-1.8 60.9 0.57
96.8%

5000
17

β-Ni(OH)2//AC PVA-KOH 0-1.4 9.8 0.15
76%

2000
18

NiO//α-Fe2O3 PVA-KOH 0-1.25 12.4 0.95
85%

10000
19



Carbon aerogel // 
Co3O4 NWs PVA-KOH 0-1.5 17.9 0.75

85%

1000
20

CoO@MnO2//NG PVA-KOH 0-1.8 85.9 0.85
86.8%

10000
This work
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