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In the present study, a molybdenum disulfide MoS2 nanosheets (MoS2 NSs) were synthesized via a 
lithium intercalation and exfoliation method. The morphology and structure of the as-prepared MoS2 
was characterized by field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD) and 
Raman spectrometer. The MoS2 NSs electrode exhibited higher specific capacitance (148 Fg-1 at 1 mVs-1 
or 142 Fg-1 at 1 Ag-1) with excellent cycling stability, compared with bulk MoS2. The result shows that 
MoS2 is a promising electrode material for electrochemical supercapacitor. 
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1. Introduction 

Nowadays, stable and high-performance energy-storage device has 
been paid tremendous research interest with the enhancing requirement 
of sustainable energy [1-3]. Supercapacitor is an updated kind of energy 
storage device, which possesses multiple strengths including, long cycle 
life, excellent power density, environment friendly, fast charge/discharge 
rate and better safety [4-7]. However, to date, most commercial electrical 
double layer capacitors (EDLCs) employ carbonaceous materials with 
large surface areas as electrode materials. Furthermore, carbon materials 
have some other drawbacks, such as low energy density and instability in 
aqueous electrolyte [8–10]. Thus, a growing attention has been focused on 
the development of redox-active materials such as conducting polymers 
[11] and metal oxide [12, 13] for pseudocapacitors. 

Two-dimensional transition-metal dichalcogenides (2D TMDs) such as 
MoS2 have recently attracted worldwide attention in various fields, such as 
sodium-ion batteries [14], lithium-ion batteries [15-17], electrochemical 
capacitors (ECs) [18-21], solid lubricants [22, 23], and catalysts [24, 25] 
benefiting from their distinct chemical and structure properties. MoS2 has  

Layered structure consisting of covalently bonded S- Mo- S, separated 
by a relatively weak van der Waals gap [26, 27]. Hence, it is easy to peel 
MoS2 layers from the bulk [28, 29]. Nevertheless, MoS2 usually exhibits the 
extremely low conductivity between two adjacent Van der Waals bonded 
layers would significantly suppress their overall electrochemical 
performance [30]. To solve this problem, adjusting the microcosmic 
morphology or connecting with other materials is an effective way. 

Herein, we synthesized MoS2 NS by lithium intercalation and exfoliation 
method. The physical Property and electrochemical performance of the 
as-obtained MoS2 NS are evaluated in detail. The MoS2 NS based electrodes 
were found to deliver a capacitance of 148 Fg-1 at 1 mVs-1or 142 Fg-1 at 1 
Ag-1 with excellent long-term cycling stability over 1000 cycles in 1 M KCl. 
The result indicates that the MoS2 NS can be served as a promising 
electrode material for electrochemical supercapacitor. 
 

2. Experimental Methods 

2.1 Synthesis of MoS2 NSs 

The MoS2 NSs were prepared by lithium intercalation and exfoliation 
method [31]. In a typical synthesis, 1.0 g of bulk MoS2 powder was 
dispersed in 10 mL of 1.6 M butyllithium solution in hexane in a flask filled 

with N2 gas. The mixture was soaked at room temperature for 48 h, and 
the obtained LixMoS2 was centrifuged and washed with hexane to remove 
excessive lithium and organic residues. Exfoliation was achieved by 
sonicating the LixMoS2 slurry in DI water for 1 h. The obtained aqueous 
suspension of MoS2 NSs was centrifuged at 3,000 rpm for 25 min to discard 
the precipitates, and the supernatant was again centrifuged at 8,000 rpm 
for 25 min. The mixture was re-dispersed in DI water and re-centrifuged 
for several times and dried at 60 °C in vacuum. Finally, black MoS2 
crystalline powder was obtained. 

 
 2.2 Material Characterization 

The crystalline structures of bulk MoS2 and MoS2 NSs were 
characterized by X-ray diffraction (XRD) (EMPYREAN with Cu Ka 
radiation, l = 1.5418 Å). The morphology was observed by field emission 
scanning electron microscopy (FESEM, Zeiss/ Ultra 55). A Raman 
spectrometer (Renishaw inVia, excitation 514.5 nm) was also used to 
characterize the synthesized materials. 

 
2.3 Electrochemical Characterization 

All electrochemical measurements were tested in a conventional three-
electrode system using an electrochemical workstation; 1M KCl solutions 
were used as the electrolyte. The working electrodes were prepared by 
mixing the as-prepared active material, acetylene black and 
polyvinylidene difluoride (PVDF) with a mass ratio of 8:1:1, followed by 
the addition of N-methylpyrrolidone (NMP) to form homogenous slurry. 
The obtained slurry was then coated onto a stainless-steel current 
collector (an exactly 1cm2 active area) and dried at 60 °C for 12 h. The 
electrochemical performance of the fabricated electrodes was 
characterized by cyclic voltammetry (CV), galvanostatic charge/discharge 
(GCD). The CV curves were recorded at various scan rates (1, 2, 5, 10, and 
20 mVs-1) in a potential window of -0.5 to 0.2 V. The GCD curves were 
obtained at various current densities (1, 2, 3, and 5 Ag-1) in a potential 
window of -0.5 to 0.2 V 

The specific supercapacitance of the as-prepared electrode was 
calculated from the cyclic voltammetry [Eq.(1)] and galvanostatic charge 
discharge curves [Eq.(2)], according to the following equations:[32] 

 

          Cs= vvmdvVI  /)(                     (Fg-1)          (1) 

          Cm= It/mV                                        (Fg-1)           (2) 
 
where Cs is the specific capacitance (Fg-1), I (V) dv is the integrated area of 
the CV curve (AV), v is the scan rate (mVs-1), m is the mass of the active 
material (g), V is the potential window (V), I is the discharge current (A), 
and t is the discharge time (s). 
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3. Results and Discussion 

3.1 Characterization of MoS2 NS 

Fig. 1 shows the FESEM images of the bulk MoS2 and MoS2 NSs. The bulk 
MoS2 exhibited largely micrometer-sized inerratic nanosheets, which are 
tightly stacked. After lithiation-exfoliation, the morphology of MoS2 NSs 
interestingly changed to highly scattered nanoflakes. It is also noted that 
the size and thickness of the nanosheets were significantly decreased 
relative to the bulk phase.  
 

   
Fig. 1 FESEM images of (a) bulk MoS2, (b) MoS2 NS 

 
 Fig. 2 X-ray diffraction patterns of bulk MoS2 and MoS2 NSs 

 

Fig. 2 shows the XRD patterns of bulk MoS2 and MoS2 NSs. The 
diffraction peaks located at 2=14.4°, 33°, 38°, 48°, 580 and 59° correspond 
to the planes of (002), (100), (103), (105), (110), and (008) respectively, 
agreeing well with the hexagonal phase of MoS2 (JCPDS card no. 37-1492). 
After lithiation-exfoliation, a MoS2 NSs show broadened peaks and lower 
peak intensity, indicating the crystallite size and the number of layers 
along the c axis are much smaller than those of bulk MoS2 [33].  

There are five distinct Raman scattering peaks for MoS2 NSs prepared 
by lithiation-exfoliation method (Fig. 3). Among them, the peaks at 380.1 
cm-1 and 402.4 cm-1 belong to the in-plane E1

2g and out-of-plane A1g modes, 
respectively[34, 35]. Compared with bulk MoS2, A1g vibration softens, 
which indicates the MoS2 NSs has small thickness [36]. Moreover, three 
relative weak peaks located at 153 cm-1 (I1), 227 cm-1 (I2), and 327 cm-1 (I3) 
are not seen in bulk MoS2, corresponding to the vibrations at the M points 
of the Brillouin zone [35]. The presence of I1, I2, and I3 suggests that 1T 
MoS2 exists in as-prepared MoS2 NSs, because these vibrational modes are 
not Raman active in 2H-MoS2 [37].The transition to as the 1T phase is 
caused by electron transfer from intercalated Li, which destabilize the 
original trigonal prismatic 2H-MoS2 structure [38]. 
 

 
Fig. 3 Raman spectrum of bulk MoS2 and MoS2 NSs 

 

3.2 Electrochemical Performance 

The electrochemical performances of the as-prepared electrodes were 
first investigated in a three-electrode system by cyclic voltammetry (CV) 
and galvanostatic charge-discharge (GCD) tests. Meanwhile, the 
electrochemical measurements were achieved in 1 M KCl electrolyte 
solution. Fig. 4(a) shows the CV curves of the Bulk MoS2, MoS2 NSs and 
stainless-steel current collector electrodes at a scan rate of 20 mVs-1. The 

MoS2 NS curves present a pair of redox peaks, which states 
pseudocapacitance features. By comparison, one can find that the area 
surrounded by the CV curve of MoS2 NSs electrode is larger than that of 
bulk MoS2 and stainless-steel current collector respectively, suggesting a 
higher specific capacitance. The increased specific capacitance 
demonstrated superior electrochemical performance which might be due 
to the exfoliated layers to dynamically expand and intercalate the Li+ ions. 

Fig. 4(b) shows the CV curves of MoS2 NSs electrode at various scan 
rates. With the increase of scan rate, the integral area of CV curves and the 
peak current density are accordingly increased. Meanwhile, a pair of 
perfectly redox peaks is always retained in all the CV curves. These results 
indicate the MoS2 NSs possesses rapid and reversible Faradic behavior and 
superior rate capability. The specific capacitance as a function of the scan 
rate is shown in Fig. 4(c). At the scan rate of 1 mVs-1, the specific 
capacitance values of the Bulk MoS2 and MoS2 NSs were 68 and 148 Fg-1, 
from the cyclic voltammetry measurements, when we increasing the scan 
rate from 2 mVs-1 to 20 mVs-1, around 55% of initial capacitance was 
retained, respectively. 

Further, the supercapacitive behaviors of the prepared electrodes were 
analyzed using GCD tests. Fig. 4(d) shows the GCD curves of MoS2 NSs 
electrodes at the increased current densities from 1 to 5 Ag−1. Fig. 4(e) 
shows the variation of the specific capacitance value calculated from the 
charge–discharge curves at different current densities. As can be seen in 
Fig. 4(d), the charge–discharge curves show a good triangle shape, which 
indicates the ideal supercapacitive characteristic of MoS2 NSs electrode. 
The specific capacitance decays from 148 Fg−1 to 80 Fg−1 as the current 
density increases from 1 to 5 Ag−1, which shows the same tendency as CV 
measurement. 

Fig. 4(f) shows cyclic stability of MoS2 NSs supercapacitors. The cycling 
measurements of MoS2 NSs supercapacitors were carried out with cyclic 
voltammetry at 1 mV s-1 for 1000 cycles. The specific capacitance of MoS2 

NSs supercapacitor was decreased from 148 Fg-1 at the 1st cycle to 141 Fg-

1 at the 1000 cycle, with the specific capacitance retention of 94%. This 
illustrates that MoS2 NSs based supercapacitor process good stability, 
lifetime and a high degree of reversibility. 
 

 

 

 
Fig. 4 (a) cyclic voltammetry curves of the bulk MoS2 and MoS2 NSs electrodes at a 
scan rate of 25 mV s-1, (b) CV curves of bulk MoS2 and MoS2 NSs electrode at various 
scan rates, (c) Specific capacitance of bulk MoS2 and MoS2 NSs electrodes at different 
scan rates, (d) Galvanostatic charge/discharge curves of MoS2 NSs electrodes at 
different current densities, (e) Specific capacitance of MoS2 NSs electrodes at various 
current densities and (f) Cycling performance of MoS2 NSs electrode at 1 mVS-1 for 
1000 cycles 

 

4. Conclusion 

The MoS2 NSs have been prepared as electrode materials for 
supercapacitors through a facile and efficient strategy. The morphology 
and structure of the MoS2 NSs were analyzed by FESEM, XRD and Raman 
analysis. Electrochemical measurements indicate that the MoS2 NSs 
electrode exhibited a higher specific capacitance (148 Fg-1), as well as a 
better cyclic stability than the bulk MoS2 electrode. It is concluded that 

(a) (b) 

(c) 
(d) 

(e) 
(f) 
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these MoS2 NSs with excellent electrochemical performance can be very 
promising for high performance electrode materials in supercapacitors 
and other energy-storage devices. 
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