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Experimental section 
Materials

Ni(NO3)2·6H2O, Co(NO3)2·6H2O, m-phthalic acid, EtOH and KOH were purchased from 
Sinopharm Chemical Reagent Co., Ltd. The active carbon (AC) was provided by Nanjing 
XFNANO Materials Tech Co., Ltd. The nickel foam (NF) substrate was cut to 2 cm × 1 cm and 
carefully cleaned by ultrasonication in deionized water and absolute ethanol subsequently. 

Synthesis of NiCo-MOF 
At first, 0.166 g of m-phthalic acid, 0.193 g of Ni(NO3)2·6H2O and 0.096g Co(NO3)2·6H2O 

were dissolved in 5 mL H2O and 15 mL EtOH with stirring at room temperature. Then, the above 
solution and one piece treated NF was transferred to a 50 mL Teflon-lined stainless-steel 
autoclave and heated at 150 °C for 12 h. After the autoclave was cooled to room temperature, the 
resulting product was washed with deionized water and ethanol three times separately and dried 
for 12 h at 60 °C. The obtained material was named as NiCo-MOF. And the average mass loading 
of NiCo-MOF was about 10.3 mg cm-2 after calculating the mass of nickel foam before and after 
reaction.

Characterization
The crystal structure of the sample was characterized by XRD (BRUKER D8 ADVANCE). 

XPS (Kratos XSAM 800) was used to study the oxidation states of various elements in the sample. 
The surface morphology and microstructure of the sample was studied by SEM (ZeissSupra 55) 
and HRTEM (JEOL 2100F).

Electrochemical measurements
Electrochemical measurements were carried out in a standard three-electrode system with 1 

M KOH as electrolyte. The synthesized sample was used as the working electrode, platinum wire 
as the counter electrode and standard Ag/AgCl electrode as the reference electrode. The 
electrochemical performance of the synthesized sample was measured on CHI 660E (Chenhua) 
electrochemical workstation, including cyclic voltammetry (CV), constant current charge-
discharge (GCD) and electrochemical impedance spectroscopy (EIS). According to the GCD 
curve, the areal capacitance of the product was calculated based on the following equation (1):

                      (1)a = I tC
S V
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where Ca (F cm−2) is the areal capacitance, I (A) is the discharge current, t (s) is the discharge time, 
S (cm2) is the geometrical area of the electrode and ΔV is the potential window. 

In 1 M KOH electrolyte solution, with NiCo-MOF as the positive electrode and active carbon 
(AC) as the negative electrode, the asymmetric device was packaged as an example of practical 
application. In order to obtain the optimized supercapacitor, the mass of cathode and anode 
materials was calculated according to the following equation (2) to maximize the energy density 
of the device.

                    (2)=m C V
m C V

  

  




where m+ and m− are the mass of NiCo-MOF and AC on the NF separately, C− and C+ are the 
areal capacitance of the positive and negative electrodes respectively, and ΔV− and ΔV+ are the 
potential window of the positive and negative electrodes, respectively. 

The corresponding energy density (mWh cm-2) and power density (mW cm-2) of the ASC 
device could be calculated from the following equations (3) and (4):

                     (3)21E=
2

CV

 

                       (4)= EP
t

where C (F cm−2) is the specific capacitance of the ASC calculated from the GCD curve, V (V) is 
the potential window of the ASC, and Δt (S) is the discharge time of the ASC obtained from the 
GCD curve.

Fig. S1 Schematic illustration of the synthesis of NiCo-MOF.
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Fig. S2 CV curves of NiCo-MOF at different sweep speeds in the potential range of 0.14-0.24 V.

Fig. S3 Current density at different scan rates in the window of 0.14–0.24 V vs. Ag/AgCl for 
NiCo-MOF after the electrochemical activation.

                   
Fig. S4 CV curve of NiCo-MOF with the scan rate range from 1 mV s-1 to 5 mV s-1 

in the potential range of -0.2-0.8 V.
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Fig. S5 Separation of the diffusion-controlled capacitive and capacitive currents of the NiCo-MOF 
at a scan rate of 5 mV s-1.

       
Fig. S6 Cycling performance and Coulomb efficiency of NiCo-MOF at 20 mA cm-2.

Fig. S7 EIS curves of NiCo-MOF before and after the stability test.



5

        Fig. S8 The areal capacitance of ASC at different current densities.

Table.S1 Comparison of the electrochemical performance based on NiCo-MOF in this work with
other materials.

Electrode Materials Minimum current 
density (mA cm-2)

Specific
capacitance

(F cm-2)

Maximum 
current 
density 

(mA cm-2)

Specific
capacitance

(F cm-2)
Ref.

NiCo-MOF 5 9.72 20 7.15 This 
work

NCM/rGO-200 1 4.31 30 1.56 [s1]

PCN-
224@PEDOT/PMo1

2–CC-I
5 4.08 20 3.38 [s2]

NiCo-OHs 2 9.00 50 4.50 [s3]

NiCo2O4/graphene 2 3.84 50 2.75 [s4]

Cu(OH)2/Co2(OH)2C
O3

2 1.31 50 0.74 [s5]

Co/Mn-MOF 3 2.76 20 1.73 [s6]

NiCo-MOF 1 5.84 10 4.56 [s7]

NiCo-BDC-MOF 
NS/NF 2 8.80 50 3.61 [s8]

NF-NiO-2 1 2.08 50 1.21 [s9]

Ni-decorated Co9S8 1 5.64 20 5.01 [s10]
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