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Carbon composited transition-metal dichalcogenides have demonstrated favourable applications in lithium ion batteries. Herein, sheet-5 

like MoSe2/C composites were successfully synthesized using Na2MoO4·2H2O, Se powder and glucose as source materials through a 

simple hydrothermal method and subsequently annealing treatment. The as-synthesized sheet-like MoSe2/C composites were 

characterized by XRD, FSEM, FTEM, and XPS, respectively. When fabricated into lithium-ion batteries, the composites exhibit 

improved Li storage performance than pure MoSe2 electrode, including good cycling stabilities and high rate capacity. After 50 cycles, a 

reversible specific capacity of about 576.7 mAhg-1 at the current density of 100 mAg-1 was still achieved for the sheet-like composites 10 

electrode. 

 

Introduction 

Nowadays, rechargeable lithium ion batteries have been widely 

used to provide power for many portable electronics like mobile 15 

phones, notebooks, laptops and many other consumer products 

because of their high energy density, long cycle life and 

environmentally friendliness.1-5 Compared to traditional energy 

storage devices, such as nickel metal hydride, alkaline and lead–

acid batteries, LIBs with higher volumetric and gravimetric 20 

energy density are more suitable candidates for potential green 

applications in electric vehicles (EVs) and hybrid electric 

vehicles (HEVs).6,7 However, the commercially used anode 

materials of LIBs, graphite, with a theoretical specific capacity of 

only 372mAhg-1 and relatively poor rate capability cannot meet 25 

the increasing demand in EVs and HEVs.8-10 Therefore, 

developing new kind of alternative anode materials to satisfy the 

demands of future high-performance battery units is the urgent 

task. 

Different from bulk materials, two dimensional nanostructures 30 

have shortened path length for Li+ diffusion and large exposed 

surface area offering more Li+ insertion channels, which play 

important roles in enhancing the performance of Li-ion 

batteries.11 For example, Zhu et al. successfully synthesized 

ultrathin SnO2 nanosheets through a microwave-assisted method 35 

using tin dichloride as the precursor. The as-synthesized SnO2 

nanosheets exhibit a high reversible capacity of 757.6mAh g−1 at 

the rate of 200 mAg−1.12 Ultrathin silicon nanosheets were 

synthesized by Yan’s group using GO nanosheets as sacrificial 

hard template. When evaluated as anode for lithium-ion batteries 40 

at a current density of 420mAg-1, the ultrathin Si nanosheets 

electrode still achieved a reversible discharge capacity of 600 

mAhg-1 after 100 cycles, much higher than silicon 

nanoparticles.13 Moreover, Wu and co-workers synthesized sheet-

like Fe2O3 from a simple coprecipitation technique at room 45 

temperature and obtained high rate capacity (1327mAhg-1 at 1C, 

1215mAhg-1 at 3C), when assembled into Li-ion batteries.14  

Transition-metal dichalcogenides MX2 (M =Mo, W; X = S, Se) 

with layer structure like graphene have received great attention in 

recent years.9,15 In these compounds, atoms within layers are 50 

bound by strong covalent bonds (X-M-X), while the individual 

layer is bound by weak van der-Waals interactions, forming a 

sandwich-like structure,16-20 which is beneficial for the 

intercalation/deintercalation of Li ions. In the past decades, great 

attention has been paid to molybdenum sulfide (MoS2) because of 55 

its high theoretical specific capacity and relatively high 

stability.21-25 With the same layer structure, it can be concluded 

that MoSe2 might be a good choice for energy storage devices. 

Previously, some reports have investigated the synthesis and the 

applications of MoSe2 in field-effect transistors,26-28 catalyst29,30 
60 

and Li-ion batteries,31 etc.  

In this work, we developed a facile process to grow sheet-like 

MoSe2/C composites by a simple solution-phase method. 

Encouragingly, the as-synthesized MoSe2/C composites exhibit 

outstanding electrochemical lithium-storage performance, e.g. 65 

good rate capability, long cycle life and capacity retention owing 

to the layer structure, the high surface area and improved 

electrical conductivity. 

 

Experimental 70 

 
Materials synthesis  

All the chemicals were used as received without further 

purification. The synthetic process is referred to previous report  

with some modified experimental conditions.32 In a typical 75 

synthetic process, 1.78 g glucose was first dispersed in 50 ml 

distilled water under constant stirring to form a clear solution, 

then 2 mmol Na2MoO4·2H2O (99.99%) was dissolved into the 

solution. In a separate flask, 4 mmol Se powder was dissolved in 

10 ml hydrazine hydrate (N2H4H2O, 85%) in the open air. After 80 

stirring for about 1 hour, the Se solution was slowly added into 

Na2MoO4 solution at room temperature and the mixture solution 

gives an orange-red color. Then, the mixture was transferred into 
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the Teflon-lined autoclave and heated in an electric oven at 220oC 

for 12 h. After cooling to room temperature naturally, the black 

precipitates were collected by vacuum filtration, washed with 

deionized water and ethanol for several times, and then dried in a 

vacuum oven at 80 oC for 12 h. Subsequently, the obtained 5 

samples were annealed in a conventional tube furnace at 500 oC 

for 5 h in high purity nitrogen atmosphere flowing at 200 sccm to 

get rid of the redundant Se powder. To make a comparison, pure 

MoSe2 was also prepared from the similar process with the 

absence of glucose. 10 

 

Materials characterization 

The X-ray diffraction (XRD) patterns were tested using X-ray 

diffractometer (X'Pert PRO, PANalytical B.V., The Netherlands) 

with Cu Ka radiation (λ = 0.154 nm). X-ray photoelectron 15 

spectrometer was performed on a VG Multi-lab 2000 system with 

a monochromatic Al Ka X-ray source. TGA analysis was 

performed on PerkinElmer Diamond (Pyris1 TGA) apparatus at a 

heating rate of 10 °C/min in air. The morphologies and structure 

of the as-synthesized products were characterized by field 20 

emission scanning electron microscope (Nova NanoSEM 450, 

FEI, The Netherlands) and field Emission Transmission Electron 

Microscopy (Tecnai G2 F30, FEI, The Netherlands) coupled with 

an energy dispersive X-ray spectrometer (EDX). 

Electrochemical measurements 25 

The electrochemical properties of the as-synthesized samples 

were investigated in a two-electrode coin cell (CR2032) 

configuration assembled in an argon-filled glove box. Lithium 

metal was served as the counter electrode, and a polypropylene 

film (Celgard-2300) was used as the separator. The electrolyte 30 

was 1.0 M LiPF6 solution with a mixture of ethylene carbonate 

and diethyl-carbonate (EC/DMC, 1:1 in volume). The working 

electrodes were prepared by coating the slurry consisting of 

70wt.% active materials, 20wt.% acetylene black and 10wt.% 

polyvinylidene fluoride (PVDF) dispersed in N-methyl-2-35 

pyrrolidinone (NMP) onto a copper foil  and dried at 80 oC for 

about 24 hours. Then, it was cut into round pieces with a diameter 

of 8 mm. Galvanostatic charging and discharging tests were 

conducted using a battery testing system (Land, China) at 100 

mA g-1 with the potential ranging from 5 mV to 3V. Cyclic 40 

voltammetry (CV) at a scan rate of 0.1 mVs−1 and 

electrochemical impedance spectrometry in the frequency range 

of 100 kHz to 10 mHz were measured on an electrochemical 

workstation (CHI 760D, CH Instruments Inc, Shanghai) at room 

temperature. 45 

 
Fig.1 XRD patterns of pure MoSe2 and sheet-like MoSe2/C composites. 

Results and discussion 
Sheet-like MoSe2/C composites were prepared from the facile 

hydrothermal and subequently heat-treated processes. The 50 

composition and purity of samples were first characterized by 

XRD. As shown in Fig. 1, all the diffraction peaks can be indexed 

to 2H-MoSe2 phase (JCPDS Card No. 77-1715).  In the pattern of 

MoSe2/C composites, two peaks located at 2θ = 13.7°  and 47.5° 

corresponding to (002) and (105) planes disappeared compared to 55 

that of pure MoSe2, which can be attributed to the carbon 

component formed by carbonization of glucose decreased the 

stacking of the MoSe2 layers. XRD patterns of  MoSe2 with 

different carbon content were shown in Fig. S1. Obviously, with 

the increasing carbon content, the intensity of (002) plane 60 

diffraction  peak of MoSe2 became weaker till disappeared.  

The morphologies of the as-synthesized MoSe2/C composites 

were first characterized by field-emission scanning electron 

microscopy (FSEM) and field emission transmission electron 

microscopy (FTEM). Fig. 2 shows SEM and TEM images of the 65 

as-synthesized sheet-like MoSe2/C composites. As shown in  Fig. 

2a, the MoSe2/C composites with better dispersibility are 

typically sheet-like structure assembled by many ultrathin 

nanosheets, which is different from the aggregated structure of 

pure MoSe2 products (Fig. 4a), indicating that the presence of 70 

glucose in the system has great influence on the morphologies of 

products in our experiment. Fig. 2b-2d further show TEM images 

of sheet-like MoSe2/C composites. Clearly, MoSe2/C composites 

with curling sheet-like structure are thinner than pure MoSe2 

samples (Fig.4b). HRTEM image of the composites in Fig. 2e 75 

shows the lattice fringe spacing of approximately 0.289 nm, 

correspongding to (100) plane of MoSe2. Moreover, the lattice 

fringe of MoSe2/C is not as clear as that of pure MoSe2 (Fig. 4d),  

The stacking of pure MoSe2 layers observed from Fig.4c was 

relatively more obvious than that of MoSe2/C composites (Fig. 80 

2c), which is correspongding to our XRD annlysis well.  
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Fig. 2 SEM (a), TEM (b, c, d), HRTEM images (e) and EDS (f) of the as-

synthesized sheet-like MoSe2/C composites. 

To further determine the composition of sheet-like MoSe2/C 

composites, energy dispersive X-ray spectroscopy (EDS) were 5 

carried out as shown in Fig. 2f. The obtained spectrum suggests 

the existence of three elements C, Mo, Se, respectively, and the 

Cu signal in the spectrum arises from the Cu grid. Based on the 

EDS results, the atomic ratio of Se and Mo is 2.08:1, very close 

to the theoretical value of MoSe2. In order to determine the 10 

elements dispersion and further determine the existence of carbon 

in sheet-like MoSe2/C composites, the corresponding EDAX 

mappings of C, Mo, Se are shown in Fig. 3, revealing the uniform 

dispersion of carbon in MoSe2/C composties. Furthermore, TGA 

measurements were performed to test the content of carbon in the 15 

composites. As shown in Fig. S2, with the increase of 

temperature, the weight of composites changed largely. The 

weight increased until the temperature up to 350 oC, which can be 

attributed to the formation of SeO2 and MoO3 during the 

oxidation of MoSe2 sample. When the temperature decreased to 20 

550 oC, the weight lost due to the gasification of SeO2. At last, 

MoSe2 converted into MoO3 and the amorphous carbon converted 

into CO2. Thus, the content of carbon in the as-synthesized 

MoSe2/C composites is about 10 wt.% based on the TGA results. 

Considering that the carbon content is a bit lower than expected, 25 

we also performed a comparative reaction that only glucose and 

hydrazine hydrate without Na2MoO4·2H2O and Se powder are in 

the solution. When the reaction finished, no carbon products were 

obtained from this similar process. It can be concluded that the 

hydrazine hydrate in this hydrothermal procedure hinders the 30 

carbonization of glucose. 

 
Fig. 3 TEM image and corresponding EDAX mapping of C, Mo, Se in 

the MoSe2/C composites.  

 35 

Fig. 4 SEM (a), TEM (b, c) and HRTEM images (d) of the as-synthesized 

pure MoSe2. 

The morphology and microstructure of pure MoSe2 prepared 

from similar process were also characterized in this work. Fig. 4a 

shows the FSEM image of pure MoSe2, in which many irregular 40 

nanosheets aggregated together each other. Fig. 4b and 4c display 

the TEM images of the products. Obviously, MoSe2 products 

show typical layer structure. Fig. 4d shows the HRTEM of the 

pure MoSe2, The fringes are separated by about 0.2376 nm, 

corresponding to the interplanar distance for (103) plane very 45 

well. 

To analyze the chemical composition on the surface and the 

valence states of sheet-like MoSe2/C composites, X-ray 

photoelectron spectroscopy (XPS) measurements were carried out 

in the region of 0-1200 eV. The survey spectrum of composites 50 

(Fig. 5a) indictates the presence of three elements. Fig. 5b further 

shows the C 1s spectrum, which could be deconvoluted into three 

peaks, the carbon in C-C at 284.6 eV,33,34 the carbon in C-OH at 

286.2 eV and the carbon in C-Mo at 282.5 eV, respectively.35 The 
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high resolution Mo 3d spectrum of the composites exhibits two 

peaks at 229 eV and 232.1eV (Fig. 5c), corresponding to the Mo 

3d5/2 and 3d3/2 spin orbit peaks of MoSe2 confirming the exitance 

of Mo IV state. The 3d peak of Se element is split into well-

defined two peaks at 54.5 eV and 55.4 eV, corresponding to the 5 

Se 3d5/2 and Se 3d3/2 characterize peaks, further illustrating the 

products are MoSe2/C.32,36 

 

Fig. 5 XPS spectra for the as-synthesized MoSe2/C composites: a) survey 

spectrum and high resolution spectrum of b) C 1s, c) Mo 3d, d) Se 3d. 10 

 
Fig. 6 First three CV curves and charge/discharge profiles of pure MoSe2 (a, b) 

and sheet-like MoSe2/C composites (c, d). 

The as-synthesized sheet-like MoSe2/C composites were 

assembled into coin cell and evaluated for the lithium storage 15 

performance. To make a  comparison, pure MoSe2 products were 

also performed for the same tests. Although the related lithium 

storage mechanism of MoSe2 electorde is still not clear, similar 

lithium intercalation/deintercalation processes can be refered to 

those happened in MoS2 electorde due to their same layer 20 

structure. Fig. 6a and 6c show the first three cyclic voltammetry 

(CV) profiles of the composites and pure samples, respectively. 

In the first cathodic porcess, two reduction peaks appear at 

approximate 0.7 V and 0.25V, corresponding well with Li 

intercalation into layered MoSe2 electorde and the conversion 25 

into Mo metal as well as the formation of SEI layer at the 

interface of the electrolyte and the electrode, respectively.15,37 

While in the first anodic process, an obvious peak appears at 

approximately 2.2 V may be attributed to the oxidation reaction 

of Mo to MoSe2. In the subsequent process, the shape of CV 30 

curves and the oxidation/reduction peaks still remain constant 

illustrating the good stability of the electrochemial process. Fig. 

6b and 6d further show the galvanostatic charge/discharge 

profiles of both samples in the voltage range of 5mV–3V 

(vs.Li+/Li) at a current density of 100 mAg-1. Upon the initial 35 

discharge curve, two potential plateaus at 1.8V and 0.3V can be 

observed which are in agreement with the CV curves. Calculated 

from the charge/discharge curves, sheet-like MoSe2/C composites 

deliverd the initial discharge and charge capacity of 821.7mAhg-1 

and 593.7mAh g-1, and pure MoSe2 delivered the initial discharge 40 

and charge specific capacities of 851.1 mAh g-1 and 595.6 mAh 

g-1, respectively. 

 

Fig. 7 Cycling performance and coulombic efficiency of pure MoSe2 (a) and 

sheet-like MoSe2/C composites (b), rate performances (c) and EIS (d) of pure 45 

MoSe2 and sheet-like MoSe2/C composites. 

 

  Fig. 7a and 7b show the cycling performance of sheet-like 

MoSe2/C composites and pure MoSe2 at a current density of 

100mAg-1 for 100 cycles. Clearly, after 50 cycles, sheet-like 50 

MoSe2/C composites exhibit a superior reversible discharge 

capacity of 576.7 mAh g-1 (93% capacity retention) at the current 

density of 100 mA g-1. During the cycling process, the Moe2/C 

composites also display enhanced cycling stability and better 

coulombic efficiency than pure MoSe2 electrodes. To further 55 

investigate the electrochemical performance of sheet-like  

MoSe2/C composites and pure MoSe2 electrode, the rate 

capability of both samples were further compared. As shown in 

Fig. 7c, with increased rate current, the sheet-like MoSe2/C 

composites exhibht lower capacity decrease compared to pure 60 

MoSe2 electrode. For example, when the current density increases 

to 1000 mAg-1, the specific capacity of sheet-like MoSe2/C 

composites still remains 540 mAh g-1, which is much larger than 

that of pure MoSe2. Remarkably, the reversible capacity is also 

retained about 450 mAg-1 even with the rate up to 2000 mAg-1. 65 

When the current density returned back to 100 mAg-1, the 

capacity of the composits is recoverd without capacity decreasing.  
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To gain insight into the reason that sheet-like MoSe2/C 

composites possess such better electrochemical peformances for 

lithium storage, the electrochemcical impedance spectroscopy 

(EIS) before and after 5 cycles were measured and results are 

shown in Fig. 7d and Fig. S3, respectively, which can help us 5 

understand the kinetics of the electrochemcial reaction between 

the electrode and the electrolyte.38 Clearly, the diameter of the 

semicircle for sheet-like MoSe2/C composites in the high-

medium frequency region is smaller compared with that of pure 

MoSe2 electrode, indicating that the MoSe2/C composites possess  10 

lower contact and charge-transfer resistances. To further evaluate 

the electrochemcial performance of two electrodes, the equivalent 

circuit model is also shown in Fig. 7d inset to illustrate the 

performance of the composite electrodes.38,39 Typically, Rs 

represents the electrolyte resistance corresponding to the intercept 15 

of the semicircle at high frequency range. Rf and Q1 are the SEI 

layer resistance and the constant phase element (CPE), 

respectively, corresponding to the semicircle at high frequency 

range. Rct and Q2 are the charge transfer resistance and related 

double layer capacitor, respectively, corresponding the semicircle 20 

in high-middle frequency region. And Zw is Warburg impedance 

corresponding to the straight line in low frequency range related 

to the lithium-diffusion process. The fitting results are 

summarized in Table S1. It can be seen that the SEI film 

resistance Rf and charge-transfer resistance Rct of the MoSe2/C 25 

electrode before and after 5 cycles are 71.58Ω, 105.4Ω and 

128.6Ω, 224.3Ω, respectively, which are significantly lower than 

those of the pure MoSe2. Thus, it can be concluded that the 

presence of amorphous carbon in the composites can increase the 

electric conductivity, which is agree with the previous reports 30 

very well.40  It also should be noted that the SEI layer resistance 

and the charge transfer resistance of pure MoSe2 and MoSe2/C 

composites after 5 cycles are larger than that before cycles, this is 

because the deposition of Li-ions in SEI film increases its 

thickness after cycles. 35 

Conclusion 

In conclusion, we developed a facile solution-phase process to 

synthesize sheet-like MoSe2/C composites. The as-synthesized 

MoSe2/C composites were fabricated into Li-ion batteries and 

exihibited better lithium storage performance, including enhanced 40 

cycling stability and rate performance compared to pure MoSe2. 

The improved electrochemical performance of sheet-like 

MoSe2/C composites can be attributed to the specially sheet-like 

microstructure and the presence of carbon embedded in the 

composites. Typically, the carbon in sheet-like MoSe2/C 45 

composites can not only act as a conductive matrix which greatly 

increases the electrical conductivity and promotes fast electron 

transportation in the electrode materials, but also maintains 

structural integrity and hinders the aggregation of nanosheets. 

Moreover, the composites with sheet-like nanostructure have 50 

higher surface area, which provides large effective area for better 

contact between the electroactives and electrolyte. It is believed 

that the sheet-like MoSe2/C composites may be promising 

electrode materials for next-generation LIBs and this approach 

can also be applied for other transition-metal dichalcogenides. 55 
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Sheet-like MoSe2/C composites based Li-ion batteries exhibit excellent Li storage performance 

including high specific capacity, good cyclability and rate capability. 
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