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ABSTRACT: We demonstrate, for the first time, a new method of fabricating hybrid
MoS2/poly(ethyleneimine)-modified graphene oxide (PEI-GO) composites assembled
through electrostatically charged interaction between the negatively charged MoS2
nanosheets and positively charged PEI-GO in an aqueous solution. The GO can not
only improve the electronic conductivity of the MoS2/PEI-GO composites, leading to
an excellent charge-transfer network, but also hamper the restacking of MoS2
nanosheets. The composition ratios between MoS2 and PEI-GO were also optimized
with the highest specific capacitance of 153.9 F g−1 where 96.0% of the initial specific
capacitance remains after 6800 cycles. The specific capacitance of only 117.5 F g−1 was
observed for the pure MoS2 nanosheets, and 68.2% of the initial specific capacitance
was achieved after 5000 cycles. The excellent electrochemical performance of the
hybrid MoS2/PEI-GO composites was demonstrated by establishing an asymmetric
supercapacitor with a MoS2/PEI-GO-based negative electrode and an activated-carbon
positive electrode. The asymmetric supercapacitor provided a maximum capacitance of
42.9 F g−1, and 93.1% of the initial capacitance was maintained after 8000 cycles. Furthermore, a MoS2/PEI-GO//activated-
carbon asymmetric supercapacitor delivered an energy density of 19.3 W h kg−1 and a power density of 4500 W kg−1, indicating
the potential of the hybrid MoS2/PEI-GO composites in electrochemical energy storage applications.
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■ INTRODUCTION

Because of the limited availability of fossil fuels and
deteriorating ecological environment, developing equipment
with excellent energy storage is important.1−4 Among all
energy storage devices, supercapacitors, namely electro-
chemical capacitors, have been studied extensively. This is
because supercapacitors possess a higher power density with a
longer cycle life than batteries.5−8 Depending on the charge
storage mechanism, supercapacitors can be classified into two
types, pseudocapacitors and electrical double-layer capacitors
(EDLCs). For the pseudocapacitor, the electrical energy is
stored through a reversible faradic reaction by using typical
electrode materials such as conducting polymers and transition
metal oxides.9−12 In the EDLC, the charge storage depends on
ion adsorption and desorption processes, for which the
electrodes are typically made of porous carbon materials.13

The electrode material is the most important factor in
determining the properties of the EDLC. In recent years,
transition metal dichalcogenides, the typical two-dimensional
materials with unique electrical and mechanical properties,

have attracted considerable attention as electrode materials for
supercapacitors.14

As a prototypical transition metal dichalcogenide material,
MoS2 has been widely applied in a variety of fields.14−18

Compared with graphene structures that feature a single layer
of carbon atom, the MoS2 possesses a “sandwich” structure,
comprising a three-atom layer based on S−Mo−S, a three-layer
structure with sulfur atoms in two hexagonal planes divided by
a plane of molybdenum atoms, and molybdenum and sulfur
atoms with valence states of 4+ and 2−, respectively. Because
this structure is analogous to graphene, MoS2 is a potential
supercapacitive material with a high theoretical specific
capacitance.19−21 Krishnamoorthy et al. reported that a
chemically prepared MoS2 nanostructure has a capacitance of
92.85 F g−1.22 Huang et al. synthesized MoS2 nanosheets as
electrode materials with a specific capacitance of up to 129.2 F
g−1 and the capacitance retention of 85.1% after 500 cycles.23
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MoS2 can be synthesized to have various morphologies and
provide the high specific capacitance. However, the relatively
low electronic conductivity of MoS2 severely limits its
electrochemical performance. Therefore, several researchers
have combined MoS2 with other conducting materials for
improving its electronic conductivity and capacitance perform-
ance. For example, Sun et al. fabricated three-dimensional
graphene/MoS2 by using a one-pot hydrothermal approach,
which achieved a specific capacitance of 410 F g−1 at 1 A g−1.24

Bissett et al. fabricated a MoS2/graphene hybrid film with a
capacitance of 11 mF cm−2 at 5 mV s−1.25 Although its
electrical conductivity can be improved, the restacking of MoS2
restricts its electrochemical properties. However, one of the
most versatile methods for layered films is electrostatic self-
assembly in aqueous solutions. The technique has recently
been used to prepare hybrid electroactive films. Yu et al. and Li
et al. obtained poly(ethyleneimine)-modified graphene nano-
sheet/multi-walled nanotube−COOH films and PDDS/poly-
(sodium 4-styrenesulfonate)-mediated graphene sheets/poly-
(diallyldimethylammonium chloride) MnO2 sheets through
electrostatic self-assembly, respectively, for which both of them
exhibited excellent properties as electrodes for supercapaci-
tors.26,27

In this regard, we, for the first time, demonstrated PEI-
modified GO nanosheets combined with the negatively
charged exfoliated-MoS2 nanosheets through electrostatically
charged interaction, thus, forming hybrid MoS2/PEI-GO
composites. Furthermore, the different compositional ratios
between MoS2 and GO were optimized. The hybrid MoS2/
PEI-GO composites as electrodes exhibited the highest specific
capacitance of 153.9 F g−1 at 1 A g−1 and a strong cycling
performance with 96.0% of the initial capacitance was
maintained after 6800 cycles, which were superior to the
properties of the MoS2 electrode. Moreover, a MoS2/PEI-
GO//activated-carbon (AC) asymmetrical supercapacitor
achieved a high-power density with an excellent cycling
stability. The results indicate that the hybrid MoS2/PEI-GO
composites are promising materials for the supercapacitor.

■ EXPERIMENTAL SECTION
Materials. Analytically pure Na2MoO4·2H2O, CH4N2S, hexane,

and GO were acquired from Sinopharm Chemical Reagent Co. Ltd.
N-Butyl-lithium (2.5 mol L−1 in hexane) and poly(ethyleneimine)
were purchased from Aladdin Industrial Corporation. A poly-
(vinylidene fluoride) (PVDF) membrane was purchased from
Merck Millipore Ltd.
Synthesis of Hybrid MoS2/PEI-GO Composites. The hybrid

MoS2/PEI-GO composites were fabricated through the following
process. First, MoS2 was synthesized through a facial hydrothermal
method. Subsequently, 5 mmol of Na2MoO4·2H2O and 20 mmol
CH4N2S were added to deionized water with 60 mL, and the mixed
solution was then dumped in an autoclave at 200 °C for 24 h. After
the reaction was completed, the products were rinsed with water and
ethanol four times and then dried in an oven at 60 °C for 12 h,
yielding MoS2 powder. The MoS2 powder was chemically exfoliated
through lithium intercalation where 10 mL of butyl-lithium was added
to 0.3 g of MoS2 powder under argon conditions, followed by
magnetic stirring performed at reflux for 48 h.28 The mixture was
filtered through a PVDF membrane and washed repeatedly using
hexane. Then, the intercalated MoS2 was dispersed in deionized water
with ultrasonication for 1 h, yielding a concentration of 2 mg mL−1

with the ζ-potential of −34.9 mV. The GO dispersion was diluted to
form a solution with a concentration of 0.25 mg mL−1. The resulting
100 mL homogeneous GO dispersion (with a ζ-potential of −52.7
mV) was mixed with 100 mL of poly(ethyleneimine) solution (4 mg

mL−1) and stirred at 60 °C for 12 h. The liquid was centrifuged to
remove excess polymers and then dispersed in deionized water to
form a solution of 0.25 mg mL−1 PEI-modified GO nanosheets with a
ζ-potential of 37.2 mV. Finally, the negatively charged MoS2
nanosheets (200 mg) were mixed with the positively charged PEI-
GO nanosheets (25 mg) under strong stirring. The mixed solution
was then centrifuged and dried to obtain the hybrid MoS2/PEI-GO
composites (with a ζ-potential of −3.0 mV). For comparison,
exfoliated-MoS2 layered films and GO nanosheets without PEI were
simply mixed to obtain MoS2/GO composites. In addition,
composites with high concentrations of MoS2 layered films
(HCMoS2/PEI-GO) and high concentrations of PEI-GO nanosheets
(MoS2/HCPEI-GO) were also prepared.

Structure and Electrochemical Characterization. Preparation
and characterization of working electrodes and asymmetric super-
capacitors, and relevant material characterization are described in the
Supporting Information.

■ RESULTS AND DISCUSSION
To confirm the structures of the exfoliated-MoS2 layered films
and hybrid MoS2/PEI-GO composites, X-ray diffraction
(XRD) and Raman measurements were performed. Figure 1a

displays the XRD spectra of the exfoliated-MoS2 and the
hybrid MoS2/PEI-GO composites. Clearly, the peaks of (002),
(100), (003), and (110) planes were observed in the XRD
pattern of the exfoliated MoS2, confirming 2H-phase MoS2
(JCPDS No. 37-1492).22,28−31 The strongest peak at 14.2° is
due to the (002) plane of the MoS2 nanosheets attributable to
the stacking of the S−Mo−S layer, namely a two-dimensional
layered structure.32 However, as can be seen in the XRD
spectra of hybrid MoS2/PEI-GO composites, the peaks almost
disappeared due to (002) and (110) planes of MoS2
nanosheets, indicating that the crystal structure of MoS2
nanosheets was destroyed once combining with GO nano-

Figure 1. (a) XRD results of the MoS2 nanosheets and hybrid MoS2/
PEI-GO composites. (b) Raman spectra of the hybrid MoS2/PEI-GO
composites.
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sheets.33 The results indicated that the MoS2 nanosheets were
successfully exfoliated into a small number of layers and
anchored on GO nanosheets. In addition, the primary peak of
the GO due to the (001) plane was not observed. This is
because the amount of GO nanosheets is small, and it is thus
covered by exfoliated-MoS2 layered films.34,35 The combina-
tion of exfoliated-MoS2 layered films and GO nanosheets was
further investigated using the Raman spectra as shown in
Figure 1b. The Raman spectra of hybrid MoS2/PEI-GO
composites exhibited two characteristic peaks located at 1349
and 1589 cm−1, corresponding to D and G bands of GO,
respectively. The D band is attributed to the vibrations of
carbon atoms corresponding to the defects and disorder in
carbon materials whereas the G band is related to the
crystalline graphite. The intensity ratio of the D band to the G
band (ID/IG) is an indication of defects in the carbon lattice.26

The ID/IG value was evaluated according to the whole peak
areas under D and G bands. The ID/IG value for hybrid MoS2/
PEI-GO composites was further calculated to be 1.31, which is
higher than that of the GO nanosheets (normally, 1.2) as
shown in Figure S1. Therefore, the introduction of the
exfoliated-MoS2 layered films can result in more edges and
defects on the hybrid MoS2/PEI-GO composites. This not
only facilitates ion diffusion but also provides more active sites
for electrochemical reactions. Moreover, two other distinct
peaks located at 383 and 402 cm−1 were observed, which
agreed closely with the E2g and A1g modes of MoS2. Typically,
the E2g mode can be attributed to the in-layer displacement of
Mo and S atoms, whereas the A1g mode was due to the out-of-
layer symmetric displacements of S atoms. Thus, the hybrid
MoS2/PEI-GO composites were successfully prepared.
X-ray photoelectron spectroscopy (XPS) was performed to

investigate the elements and valence state information of the
hybrid MoS2/PEI-GO composites as shown in Figure 2. As can
be seen in Figure 2a, the elements of O, Mo, S, and C were

clearly identified in the hybrid MoS2/PEI-GO composites. The
O element was derived from surface adsorption because the
sample was exposed to air. Figure 2b shows Mo 3d spectra
where two characteristic peaks at 228.9 and 232.2 eV
correspond to the Mo 3d5/2 and Mo 3d3/2 orbitals, respectively,
indicating the presence of Mo4+. In addition, a peak was
observed at approximately 235.3 eV, possibly due to the partial
oxidation of MoS2 at the edges and defects, which is attributed
to molybdenum (Mo6+) in an octahedral configuration. The
high-resolution S 2p spectrum revealed that peaks located at
161.7 eV for S 2p3/2 and 162.9 eV for S 2p1/2 are traits of S

2− as
shown in Figure 2c. The results were in accordance with those
expected for MoS2. The C 1s spectrum exhibited three peaks,
which corresponded to the sp3 hybrid C (C−C, 284.5 eV), the
hydroxyl C (C−O, 285.9 eV) and the epoxy C (CO, 287.8
eV), respectively (Figure 2d).26 As a result, detailed composi-
tional analyses of the XPS spectra demonstrated that the MoS2
nanosheets were successfully combined with GO nanosheets.
The morphologies and microstructures of the samples were

analyzed through scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). Figure 3a shows the
typical SEM images of the MoS2 nanosheets. The MoS2
nanosheets exhibited tightly interlaced flakes, forming an
interconnected nanostructure. After the MoS2 nanosheets were
further exfoliated into small pieces, the crystallinity of MoS2
was destroyed (Figure 3b). The exfoliated-MoS2 layered films
were anchored on GO nanosheets through electrostatic
interactions, forming alternating layers of the hybrid MoS2/
PEI-GO composites (Figure 3c). The corresponding TEM
images further reveal the morphology and structural character-
istics of MoS2 nanosheets, exfoliated-MoS2 nanosheets, and
hybrid MoS2/PEI-GO composites are shown in Figure 3d−f,
respectively. The TEM image of MoS2 layered films shown in
Figure 3d indicates that the average flake size is approximately
50 nm with a thickness of approximately 20 nm. The inset in

Figure 2. (a) Overall XPS, (b) Mo 3d, (c) S 2p, and (d) C 1s XPS spectra of hybrid MoS2/PEI-GO composites.
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Figure 3d shows a high-resolution TEM (HRTEM) image of
the MoS2 nanosheets, where the plane of (100) with an
internal spacing of 0.27 nm can be indexed, revealing evidence
of the crystal structure. Figure 3e shows the TEM image of the
MoS2 nanosheets after further exfoliation process and the
corresponding selected diffraction pattern (SAD) with
indexed-planes of (100), (103), and (105) matching the
MoS2 phase was confirmed. The ring patterns from the SAD
confirmed much smaller grain sizes of MoS2 nanosheets after
the further exfoliation process. The TEM image of the hybrid
MoS2/PEI-GO composites in Figure 3f distinctly reveals
exfoliated-MoS2 layered films anchored on the curled GO
nanosheets. The inset shows the corresponding HRTEM
image of the hybrid MoS2/PEI-GO composites where the
MoS2 layered structure with an internal spacing of 0.64
matching the (002) plane along the C axis was indexed. In
addition, the predominance of areas with dark fringes and
small corrugated areas are evident. The corrugated areas were
large and curled GO nanosheets while the dark fringes were
associated with the folded edges of the exfoliated-MoS2 layered
films.36 The layered structure of the hybrid MoS2/PEI-GO
composites provided abundant channels for electrolyte trans-
portation. The appearance and distribution of the exfoliated-
MoS2 layered films exposed on the surface of the GO

nanosheets were visualized using energy-dispersive X-ray
spectroscopy, which was used to create elemental maps of
Mo, S, and C as shown in Figure 3g−j. The results further
demonstrated the uniform distribution of exfoliated-MoS2
layered films and GO nanosheets together. Such intimate
surface-to-surface contact can not only hamper the restacking
of exfoliated-MoS2 layered films for ensuring high cycling
stability but also facilitate fast and stable electron and ion
transport.37 Figure S2 presents the thermogravimetric curve of
MoS2/PEI-GO composites measured at an air atmosphere to
verify the GO content. The results indicate that the GO
content in the MoS2/PEI-GO composites is 10.1%.
Figure 4a shows the typical cyclic voltammetry (CV) curves

of the MoS2 nanosheets at different scan rates. No redox peaks
were observed in the CV curves, and the shape was almost
rectangular, indicating an ideal capacitive behavior, which is in
agreement with the results from the previous report.22 The CV
curves maintained their rectangular shape with increasing scan
rates, revealing rapid electron and ion transport at a large scan
rate. The galvanostatic charge−discharge (GCD) curves of the
MoS2 nanosheets were investigated at varying current densities
(Figure 4b). Using eq S1, the specific capacitances were
calculated to be 117.5, 102, 92.7, 85.1, and 79.3 F g−1 at the
current densities of 1, 2, 3, 4, and 5 A g−1, respectively (Figure

Figure 3. (a−c) SEM images of the MoS2 nanosheets, the exfoliated-MoS2 layered films and the hybrid MoS2/PEI-GO composites. (d−f) TEM
images of the MoS2 nanosheets, the exfoliated-MoS2 layered films and the hybrid MoS2/PEI-GO composites. Insets show the high-resolution TEM
image of the MoS2 nanosheets, selected diffraction patterns of the exfoliated-MoS2 layered films, and the high-resolution TEM image of the hybrid
MoS2/PEI-GO composites. (g) A TEM image of the hybrid MoS2/PEI-GO composites with different element mapping images, including (h) Mo,
(i) S, and (j) C, respectively.
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4c). Thus, approximately 67% of the initial value for the
current density changed from 1 to 5 A g−1. The charge−
discharge curves are symmetric, revealing an ideal super-
capacitive behavior. Despite the high reversibility and rate
capability, the specific capacitance is still poor due to the
inferior electrical conductivity and tightly packed structure. To
overcome this problem, the MoS2 nanosheets were further
exfoliated into small pieces and anchored on GO nanosheets
through electrostatic interactions, thereby forming alternating
layers of the hybrid MoS2/PEI-GO composites. The
rectangular nature of the CV curves in Figure 4d indicates
that the hybrid MoS2/PEI-GO electrodes exhibit an ideal
capacitive behavior. This is because the hybrid MoS2/PEI-GO
composites efficiently hampered the aggregation and restacking
of MoS2 nanosheets, thus providing fast and stable ion
transport to improve the capacitance.38 In addition, the
deviation from rectangular shape can be attributed to the
presence of 1T MoS2 during exfoliation.39 The adding of GO

nanosheets accelerated electron transport during the charg-
ing−discharging process and improved the rate capability.40

The CV curves maintained their initial shape at a large scan
rate of 50 mV s−1, indicating a high rate capability. The GCD
curves at various current densities are shown in Figure 4e. The
hybrid MoS2/PEI-GO electrodes exhibited a typical isosceles
triangle shape, indicating the ideal capacitor behavior. The
specific capacitances of the MoS2/PEI-GO electrode calculated
from the discharge time were 153.9, 123.5, 111.6, 104.5, and
100 F g−1, corresponding to the current densities of 1, 2, 3, 4,
and 5 A g−1, respectively (Figure 4e). The specific capacitance
of the MoS2/PEI-GO is slightly lower than some previously
reported MoS2/GO composites prepared by other methods,
such as layered MoS2/graphene composites (243 F g−1 at a
discharge current density 1 A g−1),41 three-dimensional MoS2/
graphene aerogel composites (268 F g−1 at a discharge current
density 0.5 A g−1),42 MoS2/graphene hybrid films (282 F g−1

at a scan rate of 20 mV s−1),43 and so on. However, the study

Figure 4. (a) CV and (b) GCD curves of the MoS2 nanosheets, (c) Specific capacitance of the MoS2 nanosheets at different current densities, (d)
CV and (e) GCD curves of hybrid MoS2/PEI-GO composites, (f) Specific capacitance of hybrid MoS2/PEI-GO composites at different current
densities. (g) Schematic illustration of self-assemble between MoS2 and PEI-GO.
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still proves a new way to fabricate MoS2- and GO-based
intercalation composites by electrostatic attraction between the
negatively charged MoS2 nanosheets and positively charged
PEI-GO in an aqueous solution. This self-assembled process is
also available for the synthesis of other intercalation materials.
Figure 4f shows that 65% specific capacitance was retained
when the current density increased from 1 to 5 A g−1.
Obviously, the hybrid MoS2/PEI-GO composites exhibit the
higher specific capacitance with the excellent rate capability
than that of the MoS2 nanosheets. The prominent properties
are due to the fact that the negatively charged MoS2 few layers
were tightly anchored on positively charged PEI-GO nano-
sheets through electrostatic interaction up to saturation, thus
hampering the restacking of MoS2 layered films and improving
the conductivity as schematically illustrated in Figure 4g.
To prove that the hybrid MoS2/PEI-GO composites are the

optimal sample, the electrochemical characterization of MoS2/
GO, HCMoS2/PEI-GO, and MoS2/HCPEI-GO was per-
formed and is shown in Figure S3. The specific capacitance
of MoS2/GO is 81.3 F g−1 at 1 A g−1 and is far less than the
hybrid MoS2/PEI-GO composites, whereas the specific
capacitances of HCMoS2/PEI-GO and MoS2/HCPEI-GO is
152.2 and 148.5 F g−1 at a current density of 1 A g−1,
respectively, indicating that the composites fabricated through
the electrostatic interaction exhibit prominent electrochemical
performance. Meanwhile, the construction of composites does
not change anymore after the saturation of charge adsorption.
Therefore, the specific capacitances of the hybrid MoS2/PEI-
GO composites are almost the same as HCMoS2/PEI-GO and
MoS2/HCPEI-GO. Figure 5a shows Nyquist plots of the
electrodes in a frequency range from 10−1 to 105 Hz. The plots
comprise a semicircular part in the high-frequency region and a
linear part in the low-frequency region. The inset shows an

equivalent circuit fitted with the spectroscopy curve, and the
suitable parameters for different components acquired using
the Zswinpwin software package are shown in Table 1. The

equivalent circuit comprises a series resistance (RS), charge-
transfer resistance (RCT), Warburg resistance (W0), and
double-layer capacitance (CPE). The RCT of the hybrid
MoS2/PEI-GO composites (0.0039 Ω) is lower than that of
MoS2 nanosheets (0.01 Ω), indicating the rapid electron
transport during the electrochemical reactions and the
excellent rate capability. In addition, impedance plots in the
low-frequency region were all subvertical, indicating a relatively
low Warburg resistance. The W0 of the hybrid MoS2/PEI-GO
composites (0.024 S·s−0.5) is lower than that of the MoS2
nanosheets (0.034 S·s−0.5), indicating that the alternative
layered structure of the hybrid MoS2/PEI-GO composites can
accelerate ion transport and provide superior capacitance.
GCD measurements were performed at 2 A g−1 as shown in
Figure 5b. Clearly, the specific capacitance of the hybrid
MoS2/PEI-GO composites remains at approximately 96.0%
after 6800 cycles, indicating favorable cycling stability.
However, the cycling performance of the MoS2 and MoS2/
GO electrodes was inferior with only 68.2 and 76.6% of the
specific capacitance maintained after 5000 cycles. Evidently,
the cycling stability of the hybrid MoS2/PEI-GO composites
was superior to that of the MoS2 electrode. The improved
supercapacitive properties of the hybrid MoS2/PEI-GO
composites were attributed to the incorporation of the GO
to accelerate electron transfer due to their high electrical
conductivity and anchoring the exfoliated-MoS2 layered films
on the GO nanosheets to form an alternating layered structure
with high stability and integrity, which is favorable for
improving the cycling stability, hindering the aggregation and
restacking of MoS2 and were favorable for the rapid diffusion
of ions.
To investigate the electrochemical performance of the

hybrid MoS2/PEI-GO composites in practical applications,
an asymmetric supercapacitor was developed with an AC mode
as a positive electrode and the hybrid MoS2/PEI-GO
composites as a negative electrode. The accessed voltage
window was determined to be 1.8 V as shown in Figure S4.
Figure 6a shows the CV curves of asymmetric supercapacitors
in potential window ranges of 0−1.8 V. No redox peaks were
observed in the CV curves, indicating the ideal capacitor
behavior. Moreover, the CV curves retained a rectangular
shape at a high scan rate (100 mV s−1), indicating the excellent
reversibility of the asymmetric supercapacitor. The GCD
curves of the asymmetric supercapacitor at different current
densities are shown in Figure 6b, for which a linear and
triangular shape can be obtained, indicating an ideal capacitive
behavior. The specific capacitances as shown in Figure 6c were
determined to be 42.9, 39.7, 35.8, 32.6, 30, and 27.5 F g−1 at
the current densities of 0.5, 1, 2, 3, 4 and 5 A g−1, respectively.
These capacitances resulted in an outstanding rate capability of

Figure 5. (a) Nyquist plots of MoS2 nanosheets, GO, MoS2/GO, and
hybrid MoS2/PEI-GO composites. Insets (1) and (2) show the
semicircle at high frequency and equivalent circuit, respectively. (b)
Cycling performance of MoS2, GO, MoS2/GO, and MoS2/PEI-GO at
a current density of 2 A g−1.

Table 1. Shows Fitted Parameters for Nyquist Plots
Obtained by the Zswinpwin Software at Different Samples

sample RS (Ω) RCT (Ω) W0 (S·s
−0.5)

MoS2 3.615 0.01 0.024
GO 2.986 0.002 0.004
MoS2/GO 3.356 0.0024 0.031
MoS2/PEI-GO 3.194 0.0039 0.034
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64% with the current density increasing from 0.5 to 5 A g−1.
Figure 6d lists the comparison of different material systems at
energy density as the function of power density from the
literature. Distinctly, the hybrid MoS2/PEI-GO composite-
based asymmetric supercapacitor delivered an energy density
of 19.3 W h kg−1 and a power density of 4500 W kg−1. The
MoS2/PEI-GO//AC supercapacitor provided the energy
density and the power density higher than those of an AC//
AC supercapacitor and those reported in the literature.42,43 In
addition, the cycling performance of the MoS2/PEI-GO//AC
supercapacitor is shown in Figure 6e. The specific capacitance
of the MoS2/PEI-GO//AC supercapacitor remained at 93.1%
after 8000 cycles, indicating the steady cycling ability. It also
exhibited a remarkable electrochemical reversibility and
practical energy densities, indicating that the hybrid MoS2/
PEI-GO composites are potential electrode materials for
supercapacitors.44,45

■ CONCLUSIONS
In summary, exfoliated-MoS2 films were anchored on GO
nanosheets through electrostatically charged interaction, thus
forming the hybrid MoS2/PEI-GO composites as a potential
electrode material for high-performance supercapacitors. The
highest specific capacitance at the optimized hybrid MoS2/
PEI-GO composites of 8−1 being 153.9 F g−1 with 65%
capacitance maintained at 5 A g−1 can be obtained. Moreover,
the hybrid MoS2/PEI-GO composites exhibited superior
cycling stability with the capacitance retention of 96.0% after
6800 cycles. The excellent capacitive behavior was attributed
to fast electron transport due to the addition of GO and
alternative layers favorable for ion transport. Furthermore, a
MoS2/PEI-GO//AC asymmetric supercapacitor delivered an
energy density of 19.3 W h kg−1 and a power density of 4500
W kg−1, indicating the potential of the hybrid MoS2/PEI-GO
composites in electrochemical energy storage applications.
This study inspires a new method for improving the
electrochemical properties of other transition metal sulfides
for supercapacitors.

Figure 6. Electrochemical performance of the MoS2/PEI-GO//AC asymmetric supercapacitor: (a) CV curves, (b) GCD curves, (c) specific
capacitances vs current density curves, (d) Ragone plots, (e) cycling performance.
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