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Table S1 Comparison of specific capacity among the previous reports and our works using the three-
electrode system.

Current Specific
Electrode materials Electrolyte density capacity Ref.
(A-gh) (mAh-g™)

CoS nanowire arrays 2 M KOH 2 129 S1
Co3;04 nanosheets 6 M KOH 1 20.2 S2
MoS, nanosheets/ | M NaySO, 0.1 75 33

Graphene
NiO Nanofibers 6 M KOH 2 253 S4
Porous Graphene 3 M KOH 02 66 S5
Framework
Ni-MOF 3 M KOH 1 123 Our Work
3 M KOH
Ni-MOF +0.1M 1 175 Our Work
K4Fe(CN)e

Table S2 Various performance parameters for our ABSHD in 3 M KOH electrolyte.

Current density Discharge Specific Energy Power density
(A-gh) time capacity density (W-kg™)
(s) (mAh-g™) (W-h'kg™)
1 277.2 77 53.9 700
2 113.6 63.1 44.2 1400
5 42.5 59 414 3500
10 20.4 56.7 39.7 7000

Table S3 Various performance parameters for our ABSHD in 3 M KOH and 0.1M
K4Fe(CN)g electrolyte.

Current density Discharge Specific Energy density Power density
(A-gh) time(s) capacity (W-h'kg) (W-kgh)
(mAh-g')
1 348 96.7 67.7 700
2 163.3 90.7 63.5 1400
5 62 85.5 60.3 3500

10 28.7 79.8 55.8 7000




Table S4 Comparison of electrochemistry performance of electrochemical energy stored devices fabricated

n our work with others reported.
Potential Energy Power
Materials Counter  Electrolyte Window  Density Density  Ref.
™) (WhKg") (WKgh
0.5M
M A 1. 10.4 14
nO, C Na,SO, 8 0 700 S6
Co0304@Ni(OH), RGO 6 M KOH 1.6 18.54 1860 S7
NIOH@ . MEGO  6MKOH 18 134 85000 S8
Ni foam
Co(OH) GO  IMKOH 12 11.94 2540  S9
nanorods
0.5M
M A 1. 28.4 1 1
nO, C K,SO. 8 8 50 S10
. CNTs- Our
Ni-MOF COOH 3 M KOH 1.4 39.7 7000 Work
3 M KOH
Ni-MOF ccé\IoT; +0.1M 1.4 55.8 7000 \x(?srrk
K4Fe(CN)e

AC: activated carbon
RGO: graphene

a-MEGQO: activated microwave exfoliated graphite oxide

GO: graphene oxide

CNTs-COOH: carbon nanotubes functionlized with carboxylic group
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Figure S1 (a, b) SEM images of Ni-MOF. (c) AFM image of the layered Ni-MOF
nanosheets and (d) corresponding height profile.
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Figure S2 View of the structure of Ni-MOF along the b axis.
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Figure S3 (a) Cyclic voltammograms of Ni foam and Ni-MOF in 3 M KOH + 0.1 M

K4Fe(CN)g at a scan rate of 5 mV s, (b) CV curves of bare Ni foam as working
electrode at different scan rates.

Figure $4 SEM image of the CNTs-COOH.



Preparation of negative electrode and its electrochemical performances:

The negative electrode for the alkaline battery-supercapacitor hybrid device
(ABSHD) was prepared by mixing Carbon nanotubes functionlized with carboxylic
group (CNTs-COOH), carbon black, polyvinylene difluoride (PVDF) (in the weight
ratio of 8:1:1) together using NMP as solvent. The mixture was coated onto the
cleaned Ni foam (1 cm?) and was kept for drying at 80 °C overnight. Then the
electrode was used as the working electrode. 3 M KOH solution, saturated calomel
electrode (SCE) and platinum foil were used as the electrolytes, reference and counter
electrodes, respectively. The weight of active material is about 4 mg. The specific
capacitance of CNTs-COOH is 156.7 F g! at the current density of 1 A g'!. Moreover,
grapheme oxide (GO) was also used as another negative electrode for the ABSHD.
The specific capacitance of GO is 91.6 F g'! at the current density of 1 A g-!. The Ni-
MOF//GO ABSHD in 3 M KOH exhibit energy density of 33 W h kg-! at a power
density of 7000 W kg'!. This result indicated that the high electrochemical
performance is independent with the negative electrode, and support the high

electrochemical performance of Ni-MOF.
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Figure SS (a) Charge and discharge curves of CNTs-COOH at different current densities ranged from 1 to
10 A g'.(b) CV curves of CNTs-COOH at the scan rate between 5 and 80 mV s™. (¢) Specific capacity as a
function of current density. (d) Nyquist plots of the CNTs-COOH



0.020

0.015
0.010

0.005

Current (A)

|

0.000 - fam

-0.005
= CNTs-COOH

-0.010 - = Ni-MOF

-0.015 T Y T Y T y T Y T ¥ T v T T T
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4
Potential (V)

Figure S6 CV curves of Ni-MOF and CNTs-COOH electrodes performed in a three-electrode cell ina 3
MKOH+0.1 M K4Fe(CN); electrolyte ata scan rate of 5SmV s™.
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Figure S7 (a) CV curves of the optimized Ni-MOF//CNTs-COOH ABSHD in 3 M KOH was collected at
different potential windows at a scan rate of 10 mV s™. (b) CV curves of the optimized Ni-MOF//CNTs-
COOH ABSHD in 3 M KOH collected at various scan rates. (¢) Charge-discharge curves of optimized Ni-
MOF/CNTs-COOH ABSHD in 3 M KOH collected at various current densities. (d) Plot of the current
density against the specific capacity of Ni-MOF/CNTs-COOH ABSHD in 3 M KOH.
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Figure S8 Cycling performance of Ni-MOF/CNTs-COOH ABSHD at a discharge current density of 10
Aglin3MKOH.
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Figure S9 (a) Charge and discharge curves of AC at different current densities ranged from 1 to 10 A g, (b)
CV curves of AC at the scan rate between 5 and 80 mV s'. (¢) Specific capacity as a function of current
density. (d) Nyquist plots of the AC.
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Figure S10 (a) CV curves of the optimized Ni-MOF/AC ABSHD in 3 M KOH was collected at different
potential windows at a scan rate of 10 mV s™. (b) CV curves of the optimized Ni-MOF/AC ABSHD in 3
M KOH collected at various scan rates. (¢) Charge—discharge curves of optimized Ni-MOF/AC ABSHD
in 3 M KOH collected at various current densities. (d) Plot of the current density against the specific capacity
of Ni-MOF//AC ABSHD in 3 M KOH.
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