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2

3 Fig. S1 Low magnification TEM images of the MnCO3 QDs/NiH-Mn-CO3 

4 shell@needle composite structure.
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3 Fig. S2 SEM images of the (a) as-obtained porous MnCO3 QDs/NiH-Mn-CO3 

4 composites grown on Ni foam at low magnification, (b) hedgehog-like nanoneedle at 

5 high magnification (red box area in a), (c) jackfruit-like ball (red ellipse area in a), 

6 and (d) surface morphology of the jackfruit-like ball at high magnification. 
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1

2

3 Fig. S3 (a) SEM images of the jackfruit-like ball with corresponding elemental 

4 mapping images of O (b), Ni (c), Mn (d), C (e), and N (f); (g) Selected-area EDX 

5 spectrum of the jackfruit-like ball in (a), and (h) corresponding elements content.
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3 Fig. S4 O 1s XPS spectra of MnCO3 QDs/NiH-Mn-CO3 composites. 
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1
2 Fig. S5 Electrochemical performance of three different batches of the Ni(HCO3)2 and 

3 MnCO3 QDs/NiH-Mn-CO3 composite samples before cycling tests. Galvanostatic 

4 charge-discharge curves of (a) Ni(HCO3)2 and (b) MnCO3 QDs/NiH-Mn-CO3 

5 composite electrode. (c) The specific capacitances of Ni(HCO3)2 electrodes at 

6 different current densities. (d) The specific capacitances of MnCO3 QDs/NiH-Mn-

7 CO3 composite electrodes at different current densities. (e) The specific capacitances 

8 of MnCO3 QDs/NiH-Mn-CO3//Graphene asymmetric supercapacitors at different 

9 current densities. (e) The energy densities of MnCO3 QDs/Ni-Mn-CO3//Graphene 

10 asymmetric supercapacitors and the corresponding power densities.
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Table S1. Comparison of maximum Cs, energy and power densities of the reported 

nickel/manganese oxide/hydroxide based composite pseudocapacitive materials and 

the present work.
/

Positive electrodes Cs (F g-1)

Energy 

density 

[Wh/kg-1]

Power 

density 

[W/kg-1]

Electrolyte Ref.

/

MnNi(OH)2 LDH nanoparticles 160 (1 mA cm-2) 1 M Na2SO4 [1]

Porous plate NiMn2O4 180 (250 mA/g) [2]

Ni-doping Mn3O4 184 (0.5 A/g) 1 M Na2SO4 [3]

Ni(OH)2/MnO2 core shell 355 (0.5 A/g) 41.2 500 1 M Na2SO4 [4]

Ni0.2Mn0.8Ox 380 (5 mVs-1) 0.5 M Na2SO4 [5]

Ni-Mn Oxide films 424 (20 mVs-1) 0.5 M Na2SO4 [6]

NiO/MnO2 core shell 528.0 (1 mVs-1) 1 M LiOH [7]

MnO2/NiO 681 (1A/g)  43000 0.5 M KOH [8]

Sponge-like NiCo2O4/MnO2 935 (1 A/g) 46.75 300 1 M KOH [9]

Ni-Mn Oxide 1016 (0.5A/g) 6 M KOH [10]

3D NiO@MnOOH 1890.5 (1.7A/g)  80.0 1 M LiOH [7]

Porous Ni(OH)2-MnO2-RGO 1985 (2A/g)  54.0 392 1 M KOH [11]

NiMn-LDH/CNT 2960 (1.5A/g) [12]

Ni-Mn sulfide 1430 (0.5A/g) 6 M KOH [10]

Spinel Mn-Ni-Co ternary Oxide 638 (1A/g) 79.8 250 6 M KOH [13]

Graphene/NiO-MnO2 242 (0.2 mVs-1)   6 M KOH [14]

Ni1/3Co1/3Mn1/3(OH)2 1402 (1.0 mVs-1) [15]

NiO-MnO2/MWCNT 193.5 (5 mVs-1) 6 M KOH [16]

Ni-Mn/ordered carbon 434 (5 mVs-1) 2 M KOH [17]

Mn-Ni-Co Oxide composite 1260 (5 mA) 6 M KOH [18]

NiO microspheres 619 (5 mA cm-2) 6 M KOH [19]

Nanospherical porous NiO 1201 (0.5A/g) 2 M KOH [20]

NiO-3D graphene 1829 (3 A/g) 1 M NaOH [21]

NiO/MWCNTs 1727 (5 mA cm-2) 2 M KOH [22]

Mn3O4 nanorods 263 (1 A/g) 4 M NaOH [23]

MnO2 nanowires 237 (2 mVs-1) 0.5 M Na2SO4 [24]

MnO2 petal nanosheet/graphene 516.8 (1 mVs-1) 1 M Na2SO4 [25]
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GO/ Mn3O4 344 (5 mVs-1) 1 M Na2SO4 [26]

MnCO3 QDs/NiH-Mn-CO3 2622.9 (3A g-1) 73.8 675 1 M KOH This 

work
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Table S2. Comparison of the maximum energy densities and power densities and 

voltage range of the reported nickel or manganese oxide/hydroxide based asymmetric 

supercapacitors with those of the present work.

/

Positive electrodes//Negative electrodes

Energy 

density 

[Wh·kg-1]

Power density 

[W·kg-1]

Voltage 

range Ref.

/

NiO particles//AC 19.0 120 0.8-1.5 V [27]

Ni(OH)2//AC 25 0.6-1.3 V [28]

Ni(OH)2//graphene 30 1000 0-1.6 V [29]

NiO/graphene//N-CNT 32 700 0-1.4 V [30]

CNT/Ni(OH)2//rGO 35.24 1807 0-1.8 V [31]

α-Ni(OH)2//AC 42.3 110 0.4-1.6 V [32]

3D graphene/Ni(OH)2//AC 52.7 444.4 0-1.6 V [33]

Ni(OH)2/graphene//porous graphene 77.8 174.7 0-1.6 V [34]

NiO/graphene//activated carbon 138 5250 0-1.5 V [21]

MnO2//AC 10 3600 0-2.2 V [35]

Mn3O4/RGO//N-doped GS 11.11 23500 0-2 V [36]

Graphene/MnO2//CNT textiles 12.5 0-1.5 V [37]

Activation of Mn3O4//graphene 20.1 2000 0-2 V [38]

RGO/MnO2/CNT//AC 27 130 0-2 V [39]

MnO2 Nanorods//AC 28.4 150 0-1.8 V [40]

MnO2 nanowire/graphene //graphene 30.4 100 0-2 V [41]

Mn3O4@GR//AC 34.6 500 0-1.6 V [42]

LiMn2O4//AC 35 100 0.5-1.8 V [43]

Polyaniline/Li(Mn1/3Ni1/3Fe1/3)O2//AC 49 1000 0-3 V [44]

LiNi0.5Mn1.5O4//AC 56 1-3 V [45]

MnCO3 QDs/NiH-Mn-

CO3//graphene

58.1 900 0-1.8 V This 

work
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