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MoS₂ has excellent properties but low conductivity, limiting its use in supercapacitors. 
Carbon’s high conductivity and stability enhance MoS₂’s electrochemical performance and 
cycling stability. This study prepared MoS₂/C composites via a one-step hydrothermal 
method, exploring the effects of solvents and carbon content. Deionized water as a solvent 
resulted in composites with large specific surface areas and good electrochemical 
properties. Increasing carbon content improved electrochemical performance, peaking at a 
glucose content of 0.28 mmol, achieving a specific capacitance of 202.6 F/g. However, 
excessive carbon content led to decreased performance. 
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1. Introduction 
 
In the context of technological innovation and societal development, the demand for 

traditional energy sources such as coal, minerals, oil and natural gas remains exceptionally high. 
Because they are not renewable energy, their content on the earth cannot be restored in a short time, 
so we have an increasingly urgent need for the development of clean, renewable and sustainable 
energy [1]. Additionally, as society increasingly relies on energy storage technology, there is an 
escalating need to create compact, efficient, and versatile energy storage systems to address 
existing limitations. Therefore, the storage technology of renewable energy sources has become a 
core problem to be solved urgently, and in order to use these energy sources efficiently, we need to 
integrate them into advanced energy storage systems so as to achieve their effective preservation 
and flexible use [2]. The most prevalent energy storage technologies in use today are rechargeable 
batteries and supercapacitors. Each has its own set of advantages and disadvantages: rechargeable 
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batteries, with their high energy content, can retain a greater amount of energy within an 
equivalent space, while supercapacitors provide rapid charging speeds, high power output, long 
cycle life, and flexible working modes [3-6]. The research in this paper will aim to strengthen the 
energy content of supercapacitors for different applications, hopefully by optimizing the electrode 
materials with the purpose of strengthening their energy storage capacity. 

Supercapacitors, a novel energy storage device, are located between secondary batteries 
and traditional capacitors, and their core components mainly include electrode materials, fluid 
collectors, electrolytes, and diaphragms [7-10]. Compared to traditional capacitors, supercapacitors 
demonstrate significant performance advantages. They exhibit excellent specific capacitance and 
specific energy, a wider operating temperature range, and longer cycle life. Notably, in terms of 
energy density, supercapacitors far surpass traditional capacitors, with values reaching 10 to 100 
times higher. Furthermore, compared to lithium batteries, supercapacitors also possess unique 
characteristics. Their specific power is particularly outstanding as they can discharge a large 
current in a very short time and feature fast charging speed, high charging efficiency, and long 
cycle life. Importantly, supercapacitors have minimal environmental impact and are less polluting 
[11-14]. Supercapacitors also have certain limitations, such as low energy density. In comparison 
to traditional batteries, supercapacitors exhibit a lower energy density, resulting in less energy 
storage per unit volume or weight. This restricts the use of supercapacitors in applications 
requiring prolonged and high-energy supply. In order to overcome these drawbacks, the selection 
and development of electrode materials are particularly important. Therefore, the development and 
expansion of electrode materials with superior performance has become one of the key directions 
to enhance the electrochemical performance of supercapacitors [15-18]. Currently, the electrode 
materials applied to supercapacitors mainly comprise carbon materials, transition metal 
oxides/sulfides, and conductive polymers. 

In recent years, transition metal sulfides (TMDs) have had a profound effect on the 
development of li-ion batteries and supercapacitors by virtue of their unique construction and high 
capacity performance, with MoS2 being the primary focus among transition metal sulfides. MoS2 
is a graphene-like layered compound, composed of single or multiple layers [19-23].There are 
three distinct phase states of MoS2, as depicted in Fig. 1 namely the 1T phase with an octahedral 
structure, and the 2H and 3R phases with triprism structures. The disparity among these phase 
states primarily arises from variations in atomic arrangement and layer stacking modes, 
collectively determining the diverse phase characteristics of MoS2 [24-27]. 1T-MoS2 has an 
octahedrally coordinated crystal structure in which sulfur and molybdenum atoms are arranged in a 
special way so that this phase of molybdenum disulfide exhibits metallic properties and belongs to 
a substable structure. T may represent a simplification of “Tetrahedral” or “Trigonal”, which 
is used to characterize the geometry of the atomic arrangement in this phase. The 2H-MoS2 
crystalline phase comprises two Mo-S layers and represents a structurally stable configuration. In 
the layered structure, a configuration resembling a "sandwich" is created, comprising a double 
layer of sulfur atoms encased within a hexagonally arranged level of metal atoms. Within these 
layers, the Mo-S bonds are predominantly covalent, whereas the interlayer interactions are 
sustained by weaker van der Waals forces. H may stand for some abbreviation or simplification of 
“Hexagonal” or “Highly Symmetric”. 3R-MoS2 has one additional Mo-S unit compared to 
2H-MoS2, meaning it comprises three Mo-S units and is a metastable structure. R may stand for 
some variation or simplification of “Rhombohedral” or “Rotated”. Furthermore, these identifiers 
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(T, H, R) are not absolute or uniform nomenclature. Different symbols or terms may be used in 
different literature or research areas to describe different phases of molybdenum disulfide. 

The MoS2 exhibits high theoretical specific capacity and cost-effectiveness, making it an 
ideal active material [28-34]. Nevertheless, pure MoS2 exhibits inherent drawbacks such as 
structural instability and poor electrical conductivity, leading to a significant reduction in discharge 
capacity and shortened material service life [35]. The main improvement measures are: 
morphology control, interface modification, structural design and doping. Mabkhoot Alsaiariet et 
al. [36] synthesized the NiCoS@MoS2@rGO composite for use in supercapacitor electrodes and 
electrochemical glucose sensors. This design concept can also be extended to inorganic materials, 
enabling the development of multifunctional, multi-component hybrid materials. Such materials 
hold significant potential for a wide range of applications, including energy storage and 
biomedical fields. The composite electrode material exhibited a high specific capacity of 301 C/g, 
along with energy and power densities of 65.44 Wh/kg and 1267.18 W/kg, respectively, at a 
current density of 1 A/g. After 5000 charge/discharge cycles, the electrode achieved a Coulombic 
efficiency of 92.79% and a capacity retention of 83.42%. Rimjhim Yadav et al.[37] synthesized 
two distinct forms of polypyrrole and MoS2 nanostructured binary nanocomposites using in-situ 
polymerization technology. The PPyNTs/MoS2 nanocomposites consist of PPyNTs tightly wrapped 
around MoS2, exhibiting a specific capacitance of 481 F/g at 0.5 A/g. After 2000 charge/discharge 
cycles, the specific capacitance of the PPyNTs/MoS2 composite only decreased by 5.6%. In order 
to fully leverage the advantages of MoS2 and mitigate the limitations of a single compound, a 
MoS2/C composite material was prepared via a one-step hydrothermal approach. The selection of 
glucose as the carbon source, due to its simplicity, ready availability, and cost-effectiveness, 
effectively controls costs. 

 
Fig. 1. Three phase of MoS2. 

 

 
2. Experimental section 
 
2.1. Chemicals and reagents 
Ammonium molybdate tetrahydrate ((NH4)2MoO4·4H2O) was purchased from Shanghai 

Aladdin Biochemical Technology Co. Thiourea (CH4N2S), urea (CH4N2O), glucose (C6H12O6) 
were purchased from Tianjin Damao Chemical Reagent Factory. Acetylene black, 
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polytetrafluoroethylene (PTFE) were purchased from Guangdong Candlelight New Energy 
Technology Co. Anhydrous ethanol (C2H6O) was purchased from Tianjin Fuyu Fine Chemical Co. 
Sodium hydroxide (NaOH) was purchased from Guangzhou Hewei Pharmaceutical Co. Dilute 
hydrochloric acid solution (HCl) was purchased from Xi'an Tianmao Chemical Co. All chemicals 
were used as starting materials without further purification. 

 
2.2. Preparation of MoS2/C composite materials 
In this paper, the Single-step hydrothermal process was employed to synthesize MoS2/C 

composite material, which is a commonly used approach for fabricating MoS2 composite materials. 
The precursor was dissolved in an appropriate solvent using ultrasonic or stirring methods to 
ensure thorough mixing, and the homogeneous mixture was then placed in a high-pressure reactor 
for the reduction process. The reaction must be conducted under constant temperature conditions, 
typically at 180 ℃ or higher, and maintained for a minimum of 15 hours. First, use an electronic 
balance to weigh 0.98 g of ammonium molybdate and 1.14 g of thiourea. Dissolve the materials in 
40 mL of deionized water under continuous stirring until a homogeneous solution is obtained. 
Then, add 0.24 g of carbamide and continue stirring for 30 minutes. Separately, dissolve 0.07 
mmol, 0.14 mmol, 0.28 mmol, 0.56 mmol, 1.12 mmol, or 2.24 mmol of glucose in the prepared 
solution, stirring again until fully dissolved. The solution is transferred to a 100 mL 
high-temperature reactor and heated in an oven at 180 ℃ for 24 hours. After it had naturally 
cooled to normal temperature, it underwent multiple centrifugation cycles and was thoroughly 
washed using anhydrous ethanol and deionized water then dried for 8 hours at 180 ℃, and finally 
the samples were obtained. The samples were labeled. In another set of parallel experiments, we 
did not add glucose, but instead used anhydrous ethanol and deionized water as solvents separately, 
while keeping the amounts of ammonium molybdate, thiourea, and urea unchanged. The entire 
experimental procedure is schematically illustrated in Scheme 1. 

 

 
Scheme 1. Schematic diagram of the experimental procedure for MoS2/C composites. 

 
 
2.3. Fabrication of electrodes 
Porous nickel foam was used as the current collector for the supercapacitor, and the 

pre-treated nickel foam was cut into small rectangles of 1.5×1 cm2 , dried and weighed and 
denoted as m1. The electrode material, acetylene black, and PTFE were mixed in an 8:1:1 mass 
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ratio, and then stirred in anhydrous ethanol to ensure that the three components were 
homogeneously mixed. The mixture was uniformly coated onto the nickel foam substrate after 
blending. Immediately thereafter, the nickel foam coated with the mixed material was transferred 
to a drying oven. After drying at 90 ℃ for 12 h, it was removed and weighed and recorded as m2. 
The coating area is 1×1 cm², with the active mass varying between 0.5 mg and 2.5 mg. The weight 
of the electrode material coated on the nickel foam is m=0.8 (m2-m1).  

 
2.4. Characterization and testing 
Firstly, X-ray diffraction (XRD) analysis was performed, and the sample's XRD pattern 

was obtained using an X-ray diffractometer, the XRD instrument model is SHIMADZU 
XRD-6100 from Japan. Before testing, a certain mass of sample powder was placed in the sample 
tank and flattened with a slide. The test was then conducted at a scanning speed of 6°/min, 
covering an angle range of 10° to 80°. Next, X-ray photoelectron spectroscopy (XPS) 
characterization analysis is carried out to analyze the empirical chemical formulas, as well as the 
chemical composition and electronic properties of various elements in the material. XPS 
instrument model ESCALABXi+, firstly, a double-sided adhesive tape of about 2 cm×2 cm is 
pasted on the aluminum foil, and the powder to be tested is uniformly coated on the double-sided 
adhesive tape surface, and then placed on the tableting machine after folding the aluminum foil to 
be tabletted, and the pressure is applied to After the foil is folded and placed on the tablet press, the 
pressure is applied to about 6MP, after the tablet press is completed, the sample making process is 
finished. Scanning electron microscopy (SEM) characterization is then performed. The first step is 
to prepare a metal specimen, followed by the emission of high-energy electrons from the SEM 
instrument (Zeiss G500), which are then struck on the metal specimen and the secondary electrons 
formed from the high-energy electrons generated by the sputtering are collected, and the final 
imaging of the secondary electrons is then used to obtain a graphical representation of the surface 
appearance of the material. Finally, electrochemical characterization analysis was carried out. 
Electrochemical analysis has three parts, which are: CV (Cyclic Voltammetry), GCD 
(Galvanostatic charging/discharging) and EIS (Electrochemical Impedance Spectroscopy). This 
method involves measuring the changes in potential, current, and electric quantity of a chemical 
battery by leveraging the electrochemical properties of a substance, and subsequently analyzing 
the obtained results. The CV curve serves as a tool to examine the influence of the intercalation 
current produced by MoS2 and the reaction mechanisms across various voltages. Additionally, the 
specific capacitance of the electrode material can be derived from the CV curve.  

As indicated in the formula: 
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In the formula, C is the specific capacitance of the electrode material (F·g-1); ∫ idV is the 

area integral of the measured CV curve; m is the mass of the active material (mg); V is the 
scanning rate (mV/s); ΔV is the voltage window (V). The specific capacitance of the electrode 
material can be calculated from the GCD curve. As indicated in the formula: 
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In the formula, C is the specific capacitance of the electrode material (F·g-1); I is the 

discharge current (A); m is the mass of the active material (mg); ΔV is the voltage window (V). 
The EIS curve is composed of two distinct segments: a semicircle observed at higher 

frequencies and a linear slope appearing at lower frequencies. The radius of this half circle, in the 
higher frequency range, represents the interfacial resistance at the electrode-electrolyte junction, 
along with the magnitude of charge transfer, both of which exhibit a direct proportionality. On the 
other hand, the slope of the linear portion in the lower frequency range reflects the resistance 
caused by ion diffusion through the electrode material, displaying an inverse proportionality.  

 
 
3. Results and discussion 
 
3.1. Characterization and analysis of MoS2 under different solvent conditions 
The X-ray diffraction (XRD) spectrum of Fig. 2 presents the MoS2 material synthesized 

using a single-step hydrothermal synthesis under the conditions of two different solvent systems, 
and its structure was characterized in detail by X-ray diffraction techniques. Fig. 2 (a) clearly 
displays the diffraction peaks of the samples MoS2-deionized water and MoS2-Anhydrous ethanol 
at the angle range of 10° to 80° between the incident X-ray beam and the diffraction detector, and 
this wide range of angles helps to comprehensively capture and analyze the crystalline structure 
characteristics of MoS2 in different solvent environments. Fig.2 (b) is a fine presentation of the 
localized XRD pattern from 30° to 60°, which focuses on the diffraction peaks within this specific 
interval to allow for a more in-depth observation and analysis of the crystal structure differences or 
similarities of MoS2 in the two solvents. Through such graphical representations, researchers can 
delve more deeply into the potential effects of interactions between MoS2 and various solvents on 
its crystal structure. It is evident from the images that the samples prepared using the two solvents 
all exhibit relatively sharp diffraction peaks at 2θ=14.1° for the (002) plane, 2θ=32.6° for the (100) 
plane, and 2θ=39.6° for the (103) plane. But these diffraction peaks of MoS2-deionized water 
samples are significantly more prominent in terms of their apparent intensity, indicating that they 
are highly crystalline. Meanwhile, no obvious impurity peaks could be observed in the image, 
which further confirms the good purity of the sample. The magnified XRD patterns in Fig. 2 (b), 
reveal distinct diffraction peaks at 33.5°, 33.9°, 44.2°, and 56.0°, which are assigned to the (101), 
(102), (104), and (106) crystallographic planes, respectively. At these specific diffraction angles, 
the diffraction peaks of the MoS2-deionized water sample are more prominent. In contrast, the 
MoS2-Anhydrous ethanol sample does not exhibit corresponding diffraction peaks. This 
phenomenon suggests that the samples prepared using deionized water have better crystal 
development and a richer crystallographic phase content. The degree of perfection of the crystal 
development is directly related to the ordered arrangement of the atoms or molecules within it, and 
this high degree of ordering is capable of generating more intense diffraction signals, thus further 
confirming the superiority of the MoS2 samples made with deionized water in terms of crystal 
structure and purity [38-41].  
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Overall, the XRD patterns and PDF cards of both samples exhibited good consistency, 
confirming the precision and dependability of the experimental data while also indirectly 
demonstrating the reliability of the testing method. In particular, when deionized water was used as 
the solvent, the prepared samples exhibited higher purity and their crystal structures were more 
complete. This finding highlights the importance of solvent selection in influencing the quality and 
crystal structure of the samples, and also provides a useful reference for further optimization of the 
preparation process. 

 

 
Fig. 2. XRD under different solvent conditions. 

 
 
The MoS₂ materials, synthesized using deionized water and ethanol as solvents, were 

examined through SEM and their analysis is presented in Fig. 3 (a) and (b). It is evident from the 
figure that the morphology of both products, regardless of whether deionized water or ethanol was 
used as the solvent, is spherical, and the degree of dispersion is relatively homogeneous. However, 
when deionized water is used as the solvent, the spheres exhibit large lamellar structures composed 
of numerous flakes resembling a flower ball. In contrast, when ethanol is used as the solvent, the 
surface is smooth, with an obvious bright spot inside. It is hypothesized that this bright spot may 
indicate a nucleation phenomenon. This could be due to the fact that deionized water has a higher 
boiling point than anhydrous ethanol. When ethanol is used as a solvent, the reaction may result in 
volatilization due to temperature increase, creating an environment of increased pressure, which 
promotes nucleation. After the formation of numerous nuclei, some may dissolve, while others 
continue to grow. Finally, the surface pits are filled with Mo4+ and S2- ions from the solution by 
diffusion, resulting in a smooth surface. This causes the spheres to be closely packed, enhancing 
viscosity while decreasing the surface area and electrochemical performance of the material. 
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Fig. 3. (a) SEM with deionized water as solvent; (b) SEM with ethanol as solvent. 

 
 
As demonstrated by Fig. 4 (a), which is a cyclic voltammetry test of MoS2 electrode 

material under the conditions of different solvents, the CV curves obtained with deionized water as 
the solvent appear smoother and enclose a larger area. This indicates greater specific capacitance 
and better electrochemical performance of the electrode materials when deionized water is used as 
a solvent, and these findings align with the characterization results from XRD and SEM studies 
[42-44]. Fig. 4 (b) presents the constant current charge/discharge test conducted under varying 
solvent conditions at a current density of 1 A/g. The figure indicates that the curves exhibit a 
certain symmetry regardless of the solvent used. Calculations show that the capacitance reaches 
96.6 F/g with anhydrous ethanol as the solvent, while deionized water yields 137.8 F/g. The 
impedance test in Fig. 4 (c) illustrates the impact of different solvent conditions. At low 
frequencies, the line's slope represents ion transfer and diffusion resistance in the electrode 
material. The diameter of the high-frequency region and semicircle correspond to ion transfer 
impedance at the electrode-electrolyte interface [45-47]. It is evident from the curves that 
deionized water as a solvent result in a smaller radius compared to anhydrous ethanol, indicating 
lower charge transfer impedance, faster electrode interface reaction speed, and better 
charge-discharge performance. We conducted constant-current charge/discharge tests on two sets 
of samples across varying current densities (0.5A/g, 1A/g, 2A/g, and 4A/g) to determine their 
specific capacitance under different loading conditions. Additionally, we calculated the decay rate 
using the formula η=(C1-C2)/C1 where η represents the decay rate of specific capacitance, C1 is the 
specific capacitance at 0.5A/g, and C2 corresponds to the specific capacitance at varying current 
densities. The resulting histogram depicted in Fig. 4 (d) reveals a trend: as the current density 
progressively rises, the attenuation rate also exhibits a continuous increase. This suggests that 
traditional MoS2 material fails to sustain an optimal specific capacitance under high current 
densities. 
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Fig. 4. (a) CV curves under different solvent conditions; (b) GCD curve under different solvent conditions; 
(c) EIS curve under different solvent conditions; (d) Bar charts of attenuation rates under different solvent 

conditions. 
 
 
3.2. Characterization and analysis of MoS2/C composites with different glucose  
    contents 
The Fig. 5 displays the XRD patterns of MoS₂ with varying carbon levels within the angle 

range of 5° to 70°. We can observe that the main diffraction peak of MoS₂ located at 14.1°, which 
corresponds to the (002) crystal plane, exhibits a significant leftward shift.  

 

 
 

Fig. 5. XRD patterns of MoS2/C composites with different glucose contents. 
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This is most likely attributed to the fact that during the complexation of MoS₂ with carbon, 
carbon atoms, as well as other possible heteroatoms, are doped into the MoS₂ crystals, which 
changes the parameters of the crystal cell and affects the position of the diffraction peaks. With the 
gradual increase of glucose addition, the diffraction peak at 6.1° becomes sharper and sharper, 
which is consistent with the characterization of the (002) crystal surface in the PDF card 
(PDF#74-2330), indicating a gradual increase of carbon content in the sample. When the addition 
of glucose reached a critical value, roughly 0.56 mmol, the XRD patterns of the samples exhibited 
very different characteristics. The originally sharp diffraction peaks begin to flatten out, suggesting 
a significant change in the internal structure of the sample. This is mainly due to the effective 
blocking effect on the stacking behavior of MoS₂ nanosheets as the carbon content continues to 
increase. This change triggers a gradual evolution within the sample, leading to the emergence of 
multiple phases with similar lattice structures and diffraction angles. On the XRD pattern, the 
diffraction peaks corresponding to these phases overlap with each other, causing the originally 
distinct and identifiable diffraction peaks to become blurred and difficult to distinguish. 

Electron microscopy was conducted on six groups of MoS₂/C composites to examine their 
microstructural features, with carbon concentrations labeled a, b, c, d, e, and f from low to high. As 
can be seen in Fig. 6, when the glucose concentration is low, the MoS2/C composite material is a 
small ball of flower ball, the ball morphology is more regular, and the independence is good, and 
when the glucose concentration is high, the ball morphology is destroyed, and a large number of 
different sizes can be seen in the figure, with many lumps of different morphology, which may be 
the result of too much glucose added, and glucose is hydrothermally decomposed, which then 
makes the carbon material attached to the MoS2.  
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Fig. 6. SEM images of MoS2/C composites with different glucose contents. The glucose concentrations 
corresponding to a, b, c, d, e, and f are 0.07 mmol, 0.14 mmol, 0.28 mmol, 0.56 mmol, 1.12 mmol, 2.24 

mmol. 
 
 
It may be that the amount of glucose added is too large, the hydrothermal decomposition 

of glucose occurs, and then the carbon material adheres to the MoS2, which prevents the growth of 
molybdenum disulfide, or it may be that the viscosity of glucose itself makes it stick together, 
resulting in the change of morphology.  

 



324 
 

To confirm the accuracy of the XRD results and further examine the elemental 
composition and chemical state of the MoS₂/C composites, XPS characterization was conducted, 
as illustrated in Fig. 7 (d). It demonstrates the presence of C, S and Mo. The XPS instrument may 
have certain errors during the measurement process, such as energy scale shift, inconsistency of 
sensitivity, etc. The state of contamination and oxidation of the sample surface may likewise affect 
the XPS measurement results. The signal strength of carbon, as a widely occurring element, can be 
used as a reference for the surface state of the sample. With carbon correction, the known 
properties of elemental carbon (e.g., the binding energy of carbon is usually about 284.8 eV) can 
be utilized as a reference to correct for errors, thereby improving the accuracy of the measurement 
results [48-50]. Three peak patterns, 284.8, 285.5, and 288.6 eV, corresponding to C-C, C-O, and 
C=O, respectively, are observed in the C 1s high-resolution Fig 7 (a).  

 

 

 

Fig. 7. (a) C 1s (b) Mo 3d (c) S 2p (d) Total XPS spectra of MoS2/C composite materials. 
 
 
In the Mo 3d high resolution Fig 7 (b), three peaks of 227.9, 231.1, and 235.1 eV can be 

observed, representing Mo3d5/2, Mo3d3/2, and Mo6+3d3/2, respectively, where the formation of the 
Mo6+3d3/2 electronic state mainly results from the oxidation of Mo4+ ions on the surface of the 
material upon exposure to air. This oxidation process results in the loss of electrons from the Mo4+ 
ions, which in turn transforms into the Mo6+ ionic state and is accompanied by a corresponding 
adjustment of the electronic structure, as evidenced by the formation of the 3d3/2 electronic state. 
There are three peak patterns of 161.8, 162.9, and 168.8 eV in the S 2p high-resolution Fig 7 (c), 
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representing S2p3/2, S2p1/2, and S-O, respectively. The formation of S-O mainly occurs because S 
atoms on the surface or edges of MoS₂ may react with oxygen molecules (O₂) to form S-O bonds 
when exposed to oxygen-containing environments. In the process of preparing or treating MoS2, it 
may also create some defects or vacancies that are more likely to combine with oxygen atoms to 
form S-O bonds. 

Cyclic voltammetry was performed on MoS₂ electrode materials with varying glucose 
concentrations at a scan rate of 10 mV/s, resulting in the data shown in Fig. 8 (a). It can be seen 
that the CV curves of MoS2/C composites with different glucose contents also have significant 
differences, but their general shapes are all approximately rectangular shapes, indicating that they 
carry out the double electric layer reaction, which is not a pseudocapacitive reaction for the storage 
of electrical energy through the double electric layer energy storage mechanism [51]. And the CV 
curves formed by forward and reverse scanning show good symmetry, indicating good 
reversibility[52]. The electrode material's specific capacitance correlates with the measured CV 
curve area, as per Equation 1-1. When comparing the area of the CV curve at the same scanning 
rate, it can be concluded that with the addition of 0.28 mmol glucose, the sample exhibits a 
relatively large specific capacitance. 

 

 

 
 

Fig. 8. (a) CV curves of MoS2/C composites with different glucose additions; (b) GCD curves of 
MoS2/C composite with different glucose additions; (c) Specific capacitance at different current densities; 

(d)EIS curves of MoS2/C composite with different glucose additions. 
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Fig. 8 (b) displays the gcd curves of MoS2 composite electrode materials with the same 
glucose addition at a current density of 1 A/g. The GCD curves of the electrode materials prepared 
with different glucose additions are all approximate isosceles triangles. The charging time is 
basically the same as the discharging time, indicating that the electrode material has a high 
Coulombic efficiency, showing a good stability of charging and discharging to bilayer energy 
storage [53-55]. Calculations based on Eqs. 1-2 show that the specific capacitance can reach 91.13 
F/g, 146.68 F/g, 202.6 F/g, 143.67 F/g, 38.7. F/g, 27.24 F/g when the glucose addition is 0.07 
mmol, 0.14 mmol, 0.28 mmol, 0.56 mmol, 1.12 mmol, and 2.24 mmol, respectively, 59.8 F/g, 
which is also consistent with the results of the CV curves. The continuous increase in glucose 
addition leads to a significant rise in the specific capacitance of the electrode material, reaching its 
peak at an addition amount of 0.28 mmol within this group. As the amount of glucose added 
further rises, the electrode material's specific capacitance progressively declines. Fig. 8 (c) 
illustrates the specific capacitance trends of the samples across varying current densities. Notably, 
the highest capacitance value is observed when 0.28 mmol of glucose is added, regardless of the 
current density.It can also be clearly seen that the specific capacitance of the MoS2/C composite 
electrode materials with different glucose additions all decreased to a certain extent as the current 
density increased, but compared with MoS2 alone, the specific capacitance retention has been 
greatly improved. 

To further investigate the electrochemical performance of composite electrode materials 
with varying glucose content, impedance analysis of the AC curve was conducted. Fig. 8 (d) 
depicts the Nyquist diagram of MoS2/C composite electrode materials at different levels of glucose 
addition. The experiment utilized a starting frequency of 100 kHz and a stopping frequency of 
0.01Hz. The Nyquist diagram includes a high-frequency semicircle for charge transfer resistance 
(Rct) and a low-frequency straight line for Warburg impedance (Zw). It is evident that there is 
minimal variation in the semicircular radius, indicating consistent charge transfer resistance, but 
significant differences in the linear slope, reflecting variations in electrolyte ion diffusion within 
the electrode material [56-59]. At a glucose addition level of 0.28 mmol, the slope was highest, 
signifying the fastest diffusion rate; however, as glucose addition increased, diffusion rate 
gradually decreased due to potential reduction in pore volume and porosity along with 
carbon-induced blockage hindering electrolyte ion diffusion to the electrode. 

 
 
4. Conclusions 
 
In summary, a one-step hydrothermal method was used to prepare MoS2/C composites, 

utilizing ammonium molybdate, thiourea, carbamide, and glucose as raw materials. These 
composites were then employed as supercapacitor electrode materials and characterized by XRD, 
SEM, and electrochemical tests. The following conclusions were obtained: when ethanol and 
deionized water were used as solvents, the solvent environment had a greater effect on the 
structure and morphology of the material, and when ethanol was used as a solvent, the material 
showed a smoother spherical structure, but its specific surface area was small, and more impurities 
appeared in the product, which decreased the purity of the product; When deionized water was 
used as the solvent, the material appeared to be in the form of a flower sphere composed of 
lamellar structures, with a large specific surface area and a high purity of the product.  
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By changing the amount of glucose to change the carbon content, we found that the 
glucose content has a great influence on the surface morphology of the material. When the glucose 
content is less, the MoS2/C composites are small spherical spheres with more regular spherical 
morphology and good independence, whereas when the glucose concentration is high, the 
spherical morphology is destroyed, with different sizes and irregular shapes of small pieces, which 
have many small particles on their surfaces, making the petal-like nanosheet structure disappear. 
The specific capacitance and other properties showed a trend of increasing and then decreasing 
with increasing glucose content, where the maximum MoS2/C specific capacitance reached 202.6 
F/g at a glucose concentration of 0.28 mmol. 
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