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Experimental Section 

Materials 

Nickel (II) nitrate hexahydrate (Ni(NO3)2.6H2O), cobalt (II) nitrate hexahydrate 
(Co(NO3)2.6H2O), and thioacetamide (C2H5NS) were purchased from Alfa Aesar. Sodium 
molybdate dihydrate (Na2MoO4.2H20), ethylenediamine (C2H8N2), and ethylene glycol 
(C2H6O2) were obtained from Sigma-Aldrich, Alfa Aesar, and Daejung, respectively. 

Materials Characterizations 

NCMS-L, NCMS-H, NiCo2S4, and MoS2 were analyzed structurally by X-ray diffrac-
tion (XRD, PANalytical, X’Pert-PRO MPD) using Cu Kα radiation (0.154 nm), X-ray pho-
toelectron spectroscopy (XPS, Thermo Scientific, K-Alpha) using Al Kα monochromatized 
radiation, field-emission scanning electron microscopy (FE-SEM, HITACHI, S-4800), 
transmission electron microscopy (TEM, Philips, CM-200) at an acceleration voltage of 200 
kV, and high-resolution transmission electron microscopy (HR-TEM, TITAN G2 
ChemiSTEM) using a Cs Probe electron microscope. 

Electrochemical measurements 

The electrochemical performance was measured by EIS (electrochemical impedance 
spectroscopy), CV (cyclic voltammetry), and GCD (galvanostatic charge/discharge) using 
an electrochemical workstation potentiostat/galvanostat (Metrohm, AutoLab PGSTAT 
302N) with a three-electrode system in 3 M KOH electrolyte. A working electrode coated 
with active materials on 3D nickel foam (NF), a platinum counter electrode, and a satu-
rated calomel reference electrode (SCE) was used as the working, counter, and reference 
electrodes in the three-electrode system. The working electrode was prepared by mixing 
the active material, carbon black, and polymer binder (Nafion) at a weight ratio of 80:15:5. 
The slurry was pressed onto NF and dried at 60ᵒC for 10 h. Moreover, a hybrid superca-
pacitor device was fabricated with NCMS-L as the positive and activated carbon (AC) as 
the negative electrode. A cellulose filter paper was used as the separator and placed be-
tween the positive and negative electrodes. 
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Figure S1. HRTEM image of NCMS-L sample. 

 

 

Figure S2. EDX of NCMS-L sample. 

 

 
Figure S3. SEM images of (a) NCMS-L after 45000 cycles and of (b) MoS2 and (c) NiCo2S4 after 
5000 cycles. 
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Figure S4. Electrochemical properties of NiCo2S4: (a) CV curves recorded at various scan rates, 
(b) GCD curves at different currents from 1 mA to 10 mA with current densities of 0.8, 2.3, 3.8, 
6.2, and 7.7 A g-1, respectively, (c) Nyquist plots in the frequency range from 0.01 Hz to 100 kHz 
and (d) GCD curve of the first cycle and after 5000 cycles with the specific capacitance increas-
ing from 947 to 1121 F g-1 at a current of 1 mA (current density 0.8 A g-1). 

 

 

 

Figure S5. Electrochemical properties of MoS2: (a) CV curves recorded at various scan rates, (b) 
GCD curves at different currents from 1 mA to 10 mA with a current density 0.8, 2.3, 3.8, 6.2, 
and 7.7 A g-1, respectively, (c) Nyquist plots within the frequency range from 0.01 Hz to 100 
kHz and (d) GCD curve of the first cycle and after 5000 cycles with a specific capacitance in-
creasing from 323 to 1100 F g-1 at a current of 1 mA (current density 0.8 A g-1). 
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Figure S6. Electrochemical properties of NCMS-H: (a) CV curves recorded at various scan rates, 
(b) GCD curves at different currents from 1 mA to 10 mA with a current density 0.8, 2.3, 3.8, 
6.2, and 7.7 A g-1, respectively, (c) CV curves at various cycles with a scan rate of 100 mV s-1, (d) 
Retention during 15000 cycles by CV, (e) GCD curves at the first cycle and 5000 cycles with a 
specific capacitance of 1405 F g-1 and 1840 F g-1 at a current of 1 mA, respectively, (f) Nyquist 
plots within the frequency range from 0.01 Hz to 100 kHz. 

 

 

 

Figure S7. (a, b) SEM images of (a) MoS2 and (b) NiCo2S4 after 5000 cycles and two weeks’ pause. 
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Table S1. Comparison of the specific capacitance, energy density, power density, and stability of the 
NiCo2S4/MoS2//AC devices with other related devices. 

Electrode Material Specific 
Capacitance 

Energy 
Density 

Power 
Density 

Potential 
Window 

Cycling 
Stability 

Ref. 

NiCo2S4 nanoparticles  
// AC (Device) 

~ 90.5 F g−1 28.3 Wh kg−1 9.8 kW kg−1 0–1.5 V 91.7% 
5000 cycle 

S1 

NiCo2S4 hollow MS   
// AC (Device) 

~ 79 F g−1 24.7 Wh kg−1 17.12 kW kg−1 0–1.5 V 105.6% 
5000 cycle 

S2 

NiCo2O4                    
// AC (Device) 

49.3 F g−1 15.42 Wh kg−1 7.8 kW kg−1 0–1.5 V 106% 
2500 cycle 

S3 

MoS2
 /GO 270 F g−1 37.5 Wh kg−1 2.5 kW kg−1 −0.8–0.2 V 89.6% 

1000 cycle 
S4 

NiCo2S4/MoS2
      //AC 

(Device) 
90 F g−1 31.9 Wh kg−1 1.26 kW kg−1 0–1.6 V 102% 

15000 
cycle 

This 
work 

*AC: Activated carbon, MS: Microsphere  
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