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Cobalt disulfide (CoS2) nanodendrites were synthesized via a one-step solvothermal approach with 

high yield, the obtained nanoparticles present uniform size and 3D morphology assembled by 

nanosheets. The as-prepared CoS2 nanodendrites deliver relatively high specific capacitance of 311.06 

F g
-1

 at 1 A g
-1

 and good cycle stability, notably, CoS2 nanodendrites exhibt excellent cycling 

durability after 3000 cycles with a total capacitance loss of about 19.78 % (80.22 %) at 4 A g
-1

. 
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1. INTRODUCTION 

Nowdays, the dependece of fossil fuels cause serious envrionment pollution and rapid energy 

depletion, various high-capacitance electrochemical energy conversion and storage technologies are 

developed to deal with the growing necessary of mobile energy devices for renewable clean energy [1-

12]. Supercapacitors, as an important class of useful energy storage apparatus, have some merits with 

high speed charge-discharge capability, high power density and excellent cycling durability [13-20]. 

 As a new types of energy storage material, recently, transition metal sulfides are popularly 

studied due to their excellent electrochemical performance [21-28]. Among the various metal sulfides, 

cobalt sulfides have multivariate oxidation states for charge transfer, high electronic conduction, 

inexpensive and environmentally friendly, which were promised as good electrode materials in 
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supercapacitors and lithium ion batteries [29]. Cobalt sulfides comprise many different phases such as 

CoS, CoS2, Co3S4, Co9S8, and CoS1.097, and
 
each cobalt sulfide owns its merits. Recent researches on 

micro/nanostructured cobalt disulfide (CoS2) indicate that CoS2 micro/nanostructures with different 

morphologies, such as ellipsoids [30], octahedrons [31], micro- and nanostructures [32], hierarchical 

mesoporous microspheres [33] and worm-like[34], hollow spheres [35, 36], nanocubes [37], and 

nanocomposites [38-41], can improve the electrochemical properties of CoS2 electrodes for lithium-ion 

batteries and supercapacitors. So far, many methods including template [36], microwave [42], ion 

exchange reaction [43], solid-phase synthesis [44],  solvothermal methods[45] have been devoted to 

the fabrication of different morphological nanostructured CoS2. However, the synthesis of CoS2 

nanodendrites has not been well established.  

On the basis of the above considerations, herein, we reported a facile solvothermal synthesis 

route of CoS2 nanodendrites, and the possible application as supercapacitor electrode material of the 

nanodendrites was further surveyed. The as-prepared CoS2 nanodendrites exhibited high capacitance 

and well cycle stability during a high speed charge and discharge process.The results indicate that the 

CoS2 nanodendrite electrode shows great potential for supercapacitors application. 

 

 

 

2. EXPERIMENTAL SECTION 

2.1 Synthesis of CoS2 nanodendrites  

The synthesis process is as follow, the powder of C4H6CoO4·4H2O (0.0249 g, 0.1 mmol), 

polyvinyl prorolindone (PVP, K30, 100 mg) and trisodium citrate dihydrate (5.8 mg, 0.02 mmol) were 

carefully weight and dispersed in the mixture of Triton X-100 (1 mL), N,N-dimethylacetamide (4 mL), 

deionized water (5.5 mL) and a little of hexane (~0.5 mL). And then, 150 µL of cyclohexylamine was 

add to tune the pH of the solution. At last, a large amount of cysteine (0.0485 g, 0.4 mmol) was pour 

into the mixed solution when under high speed stirring. The mixture was further agitated for 20 

minutes, sealed into the steel autoclave and heated the oven to 180 
o
C, and the reaction time is about 

24 h. The black pwder were washed by absolute ethanol and deionized water and aquired by 

centrifugation, and finally dried at 80 
o
C for 1 h in vaccum. 

 

2.2 Materials characterization 

X-ray diffraction (XRD) patterns of CoS2 nanodendrites were recorded on a Rigaku-Ultima III 

with Cu Ka radiation (λ=1.5418Å). The morphology and size of the sample was measurements by 

field-emission scanning electron microscopy (FSEM) on a Hitachi SU8010 instrument. The 

nanostructure was further studied by transmission electron microscopy (TEM) on a FEI Tecnai G2 s-

twin D573. The specific surface areas of the samples were determined by N2 adsorption on Gemini VII 

2390 analyzer at 77 K by using the volumetric method.  
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2.3 The preparation and measurement of electrochemical supercapacitor electrode  

The electrochemical tests including cyclic voltammetry (CV) and galvanostatic charge–

discharge measurements were conducted on a CHI 760E electrochemical workstation.  The standard 

three-electrode setup was consititued by a saturated calomel electrode, a rectangular platinum foil and 

a modified nickel foam,  they are respectively used as the reference, counter and work electrodes. The 

working electrode was prepared by wetting grinding of CoS2 powder, acetylene black, and 

polyvinylidene fluoride through adding N-methyl-2-pyrrolidone to obtain a high quality slurry. The 

dosage of them are 75%:15%:10%. Then the slurry was transfered to a nickel foam with the area of 1 

cm
2
, pressed and dried under a vacuum oven at 100°C for 10 h.  

 

 

3. RESULTS AND DISCUSSION 

3.1 Structure and morphology characterization 

The as-prepared CoS2 nanodendrites were firstly analyzed by XRD to investigate the 

crystallographic structure.  

 

 

 

Figure 1. XRD patterns of CoS2 nanodendrite. Vertical lines at the bottom represent the standard  PDF 

card of α-CoS2.  

 

As shown in Fig.1, all the diffraction peaks can match with the standard crystallographic 

spectrum of CoS2 (JCPDS 41-1471). Notably, no additional peaks are probed in the sample, which 

implied the high purity of the as-synthesized CoS2 nanodendrite. As shown in Fig. 2, the analysis of N2 

sorption isotherms of the as-prepared CoS2 sample based on the Brunauer-Emmet-Teller (BET) theory 

indicates CoS2 nanodendrite shows low surface area with 2.41 m
2 

g
-1

. 

 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

6794 

 

 

Figure 2. Nitrogen adsorption-desorption isotherm of CoS2 nanodendrites. 

 

For better understand the morphology and particular of the CoS2 nanoparticles, SEM and TEM 

experiments were investigated, and the results are shown in Fig.3 and Fig.4, respectively. Fig. 3a-c 

shows the SEM images of the CoS2 nanodendrites with low and high magnifications, which 

demonstrated the high yield and high quality of the CoS2 products.  

 

 

 

Figure 3. (a-c) FESEM image of ultrathin CoS2 nanodendrite with different magnification prepared at 

180 
o
C for 24 h. (d) The size distribution of CoS2 nanodendrites. 
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Figure 4. (a-b) Low and high mignifiacation TEM image of CoS2 nanodendrites. (c) TEM image of a 

single CoS2 nanodendrite (d) HRTEM image of a single CoS2 nanodendrite.  

 

Fig. 3c reveals the nearly spherical particles consist with substructure of nanosheets, which 

assemble to the hierachical CoS2 nanodendrites. As illustrated in Fig. 3d, the sizes of the nanodendrites 

distribution in the range of 69~135 nm with an average particle size of 98.6 nm. The TEM images in 

Fig. 4a-c further demonstrate the harsh edge and uneven surface of as-obtained CoS2 nanodendrites. 

Furthermore, Fig. 4b-c display the 3D alternately stacked structure with ultrathin nanosheets. The 

HRTEM image (Fig. 4d) presents the lattice fringes with interplanar distance of 0.277 and 0.320 nm, 

corresponding to the spacing of the (004) and (111) plane of CoS2, respectively. 

 

3.2 Supercapacitor performance 

To explore the supercapacitor properties of the as-prepared CoS2 nanodendrite for electrical 

energy storage, several electrochemical measurements were investigated in a three-electrode 

configuration with 2M KOH as the electrolyte.  



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

6796 

 

 

Figure 5. Electrochemical performance characterization of CoS2 nanodendrites: (a) CV curves of CoS2 

nanodendrites modified electrode at different scan rates ranging from 5 to 50 mV s
−1

. (b) 

Galvanostatic charge-discharge curves of CoS2 with various current densities. (c) The influence 

of current density to discharge rate performance. (d) Cycling performance of CoS2 at a fixed 

current density of 4 A g
-1

. 

 

Fig.5a shows the CVs curves within a 0~0.55V range at a scan rate from 5 to 50 mV s
-1

 for the 

CoS2. A pair of strong redox peaks is observed in each voltammogram suggesting that the capacitance 

characteristics are possiblely caused by Faradaic redox reactions. At a low scan rate of 5 mV s
-1

, the 

anodic peak at 0.34 V is attributed to the oxidation process, while the cathodic peak at about 0.174 V is 

ascribed to the reduction process. Furthermore, with the increasing scan rates, the anodic and the 

cathodic peaks gradually shift to higher and lower potentials, respectively. The specific capacitance of 

CoS2 might be ascribed to the quasi reversible electron transfer process of the Co
2+

/Co
3+

 redox couple 

in the alkaline electrolyte. The galvanostatic charge-discharge curves with various current densities are 

shown in Fig.5b, showing good electrochemical capacitive characteristic and reversibility of the redox 

reaction for the nanodendrite electrode. The specific capacitances at different current-density were 

calculated from the discharge curves and plotted in Fig. 5c. The CoS2 electrode delivers the specific 

capacitance of 323.05, 311.06, 296.97, 285.86, 272.84, 257.41, 241.92, and 210.93 F g
-1

 at current 

densities of 0.5, 1, 2, 3, 4, 5, 6, and 8 A g
-1

, respectively. In addition, the CoS2 sample maintains the 

relatively high capacitance of ~65.3% when a change of the current densities from 0.5 to 8 A g
-1 

(Fig. 

5c). The charge-discharge stabilization of the electrode materials were further investigated. Notably, 

CoS2 nanodendrites exhibt high cyclic stability after 3000 repeating cycles with the capacitance decay 

of 19.78 % (80.22 %) at 4 A g
-1 

(Fig. 5d).  

The specific capacitance obtained from CoS2 nanodendrites is macthed up to or superior to the 

previous results of metal molybdates and transition metal sulfides, such as CoMoO4·0.75H2O nanorods 

(285 F g
-1

 at 1 A g
-1

),[46] MnMoO4 nanostructure (234 F g
-1

 at 2 A g
-1

),[47] and hierarchical 

MnMoO4/CoMoO4 nanowires (187.1 F g
-1

 at 1 A g
-1

)[48], however, it is lower than that CoS2 

ellipsoids (965 F g
-1

 at 2.5 A g
-1

)[30] and NiCoS4 hollow tubular structures (902 F g
-1

 at 5 A g
-1

)[49] 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

6797 

electrodes.  

 

4. CONCLUSIONS 

Herein, we demonstrated CoS2 nanodendrite can be prepared by a facile solvothermal route. 

Enhanced specific capacitance and good cycle stability are detected in aqueous KOH electrolytes for 

CoS2 nanodendrite. The results presented here indicate that the CoS2 nanodendrite electrode shows 

promising applications for the development of supercapacitors in the future. 
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