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Abstract 

In situ synthesis of pure CoS@180°C and RGO/CoS@180°Cnanocomposite was synthesized 
through hydrothermal method. The synthesized nanocomposite were characterized by spectroscopic 
(XRD, FTIR, RAMAN, SEM and HRTEM) and electrochemical techniques.  The XRDspectra confirm the 
hexagonal structure of CoS@180°C and RGO/CoS@180°Cnanocomposite. All the diffraction peaks are 
very well coincid with JCPDScard No. 75-0605. FTIR spectrum shows the characteristic peaks are spotted 
at 422, 553 and 1092 cm-1 for RGO/CoS@180°C. The Raman spectrum also confirms the formation of 
CoS@180°C and RGO/CoS@180°Cnanocomposite. The flower like shapes was seen through SEM and 
HRTEM images. The higher specific capacitance values of RGO/CoS@180°C electrode than CoS electrode 
is due to RGO nanosheets support the huge surface area with good mesoporosity, which increasesthe 
electron and ion mobility during the redox process.  
Keywords: hexagonal; XPS; EDAX; SEM; HRTEM;Specific capacitance. 
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1. Introduction 

Presently, demands for energy storage 
devices are being increased and the scientific 
community has more focused on super 
capacitors (SCs). Compared to conventional 
batteries, SCs have lot advantages  such as huge 
power and energy  density, easy operation, high 
cycle stability with  eco-friendly nature[1-2]. 
The efficiency of both batteries and capacitors 
are compensated by the performance of SCs 
alone [3]. For the miniaturized electronics, 
batteries and capacitors are not housed due to 
their weight and thickness [4]. So that, scientist 
are more preferably used SCsas apotential 
candidate to all electronic equipments [1-4].SCs 

are mainly categorized in two based on its 
charge storage process.  One is pseudocapacitor 
(Faradic processes) and another one is Eclectic 
double layer (EDLC) (Non- Faradic processes). 
Compared with EDLC, pseudocapacitor 
delivered high specific capacitance, high power 
and energy density due to its faradic reaction 
[5-7].     

Previously, different phases of cobalt 
sulfide (CoS, CoS2, Co3S4, Co8S9) have been 
explored widely for energy conversion. 
Especially, CoS can be used for SCs due to its 
outstanding redox capability and less cost effect 
[8-10]. Some of the drawbacks arise while it 
undergoes the electro chemical process, like 
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pulverization, less electrical conductivity, rapid 
capacity decay and inadequate specific 
capacitance [11-13]. To overcome these 
problems, numerous researchers have 
concentrated on the desirable design of CoS 
nanomaterial with noval structure and active 
composites [14-16]. In particular, carbon based 
materials has employed as an active material 
for the improved capacitive performance [17-
19] 

Graphene/graphene oxide (GO) is a 2D 
single nanosheet like structure and it has 
unique property such as highmechanical 
flexibility and good conductivity and mainly 
used as an active material for SCs electrode. At 
present, reduced graphene oxide (RGO) is 
extensively used as an active material for the 
preparation of nanocompositeand also it has 
good electrochemical properties. Previously, lot 
of researchers are prepared the RGO/CoS 
nanocomposite and utilized in the field of SCs. 
For instance, Qu B et al., prepared graphene 
oxide decorated β-CoS via hydrothermal 
process along with Ar calcinations method for 
SCs application [20]. Shi J et al., synthesized 
CoS/GO composite network and coated on 
nickel foam by electrochemical deposition and 
its exhibit high specific capacitance and 
outstanding rate capability [21]. Hybrid 
RGO/CoS composite delivers high specific 
capacitance value of 550 F/g at 1 A/g current 
density [22].  3D based RGO/CoSx nanoflakes 
exhibit less crystallinity with specific 
capacitance of 443 F/g at 1 A/g [23]. Although, a 
lot of efforts has been taken to overcome the 
high preparative cost, low crystallinity, 
inadequate specific capacitance and the reduce 
length of the experimental process.             

In the present study,a simple 
hydrothermal method is used to prepare aCoS 
nanoparticles (NPs)at different temperatures 
(140, 160 and 180°C) and the sample 
synthesized at 180°C is utilized to make 

RGO/CoS nanocomposite and characterized by 
different techniques.  
2. Materials and Methods 

 For the preparation of Cobalt sulfide 
nanoparticles, the precursors of Cobalt nitrate 
hexahydrate and thiourea were purchased from 
Sigma Aldrich Company. Graphite powder, 
potassium permanganate, sodium nitrate, 
hydrogen peroxide (H2O2), sulfuric acid, 
hydrochloric acid, hydrazine hydrate (N2H4), 
polyvinylidenedifluoride (PVDF), N-methyl-2-
pyrrolidone (NMP) and acetylene black were 
purchased from Merck India Pvt. Ltd. All the 
chemicals are analytical grade of 99.9% purity.    
 
2.1. CoS preparation  
 2.91 g of Cobalt nitrate and 0.76 g of 
thiourea were dissolved in 50 ml of DI water. 
The above mixed solution was stirred until it 
reached homogenously. The obtained 
homogenous solution was transferred into 100 
ml teflon coated autoclave and heated at 140°C 
for 24 hrs. Finally, the residue (CoS) was 
collected and washed many times  with DI 
water and ethanol  and dried in an oven at 80°C 
for 5hrs. The obtained product is designated as 
CoS@140°C. The same procedure is repeated 
for the preparation CoS heated at 160°C and 
180°C and the obtained product are named as 
CoS@160°C and CoS@180°C.  
2.2. RGO preparation  
 The GO preparation was done by the 
modified Hummer’s method [24]. The pure 
graphite powder and sodium nitrate were 
dissolved in 50 ml of sulfuric acid and stirred it 
for 5hrs in the ice bath setup. After 30 
minutes,6g of potassium permanganate were 
added gradually. After 5 hrs the beaker was 
taken out from the ice bath and stirred at 80°C. 
Once it reaches the prescribed temperature, 
100 ml of DI water was slowly added and stirred 
it continuously for 3hrs. Finally, 50 ml of 
hydrogen peroxide was added and the solution 
turns become brilliant yellow colour. Finally, the 
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obtained GO flushed with deionised  water and  
heated in oven at 80°C for 5hrs.  The Prepared 
GO was reduced by adding the reducing agent 
hydrazine hydrate and transferred to 
ultrasonification. Then the Reduced GO was 
used for the further characterization. 
2.3. RGO/CoS preparation  
 The prepared CoS@180°CNPs and RGO 
samples were dissolved in 50 ml of DI water and 
stirred it for 3hrs and maintained the 
temperature at 80°C. Then the dried 
compositeflushed withdeionized waterfor 
several times. The final product is designated as 
RGO/CoS@180°C. 
 
2.4. Electrode preparation  
 For the electrode preparation, the 
CoS@180°CNPs, PVDF and acetylene black was 
taken with the ratio of 80:10:10 respectively 
and grinded it evenly. The few drops of NMP 
solution were added and again it grind well until 
it reach in slurry form. Once it reaches, the 
slurry was coated on nickel plate (1 cm X 1 cm) 
and dried at 90°C for 10hrs. Then the coated 

plate was used as the working electrode for the 
electrochemical measurement.  The same 
procedure is repeated for preparing 
RGO/CoS@180°C nanocomposite electrode.   
3. Results and Discussions 
3.1. Structural analysis 

Fig. 1 represents the XRD spectrum of 
as prepared CoS at three different 
temperatures 140°C, 160°C and 180°C.The XRD 
peaks are observed at 30°, 34°, 35°,46° and 
54°are related  to the  planes at (100), (002), 
(101), (102) and (110), respectively. The 
observed planes clearly evident that the 
synthesized CoSisformed with hexagonal crystal 
structureaccording to JCPDS Card No. 75-0605 
[27 - 31]. Also, the XRD peaks indicate that the 
CoS sample synthesized at 140°Care not well 
formed. As temperature increases  to 180°C the 
XRD peaks appeared as sharp indicating that the 
prepared CoS@180°Care highly crystalline and 
pure without any impurities compared to 
CoS@140°C and CoS@160°C. The d spacing 
value of the intense XRD peak appeared at 2θ = 
46° is 0.49 nm. 
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Fig. 1: XRD spectrum of CoS synthesized at three different temperatures 140ºC, 160ºC and 

180ºC. 
The structural parameters of CoS NPs are evaluated using the following equations [32 - 36]. 

 Crystallite Size                𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0.9𝜆

𝛽 cos 𝜃
      … (1) 

Where ‘λ’ is the Wavelength, ‘β’ is the Full width half maximum, and ‘θ’ is the Bragg’s angle.  

Microstrain                         Ԑ =  
𝛽𝑐𝑜𝑠𝜃

4
   … (2) 

Dislocation density            𝛿 =
1

𝐷2   … (3) 

Where n is equal to unity and  D is the crystalline size.  

Lattice parameters             
1

𝑑ℎ𝑘𝑙
2 = 

ℎ2

𝑎2 +  
𝑘2

𝑏2 + 
𝑙2

𝑐2    … (4) 

Where, ‘dhkl’represents the interplanar spacing and  ‘hkl’is the Miller indices.  
The calculated structural parameters of the synthesized CoS at 140°C, 160°C and 180°Care listed 

in table.1.  
Table 1: Structural parameters of CoS 

SampleNotati
ons 

Crystalline 
size 
D (nm) 

Microstrain 
× 10-3 
 

Dislocatio
n density × 
1015 

(lines/m2) 

Lattice 
parameters 
 

a = 
b 

c 

CoS@140°C 22 1.9 2.1 3.66 5.27 
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CoS@160°C 26 1.6 1.9 3.43 5.20 

CoS@180°C 28 1.4 1.8 3.36 5.14 

 
From the table 1,it is noted that the 

reaction temperature increaseswith crystallite 
size, whereas the microstrain and dislocation 
density are decreases which indicates lesser 
imperfection in crystal lattice. From the 
evidential structural parameters, the prepared 
CoS@180°C nanoparticleis chosen for the 
preparation RGO/CoS@180°C nanocomposite. 

Fig. 2 represents the XRD spectrum of 
CoS@180°Cand RGO/CoS@180°C 
nanocomposite. From the Fig. 2, it can be seen 
that one additional peak at 24° corresponding 
to (002) planes belonging to RGO, which clearly 
indicates in situ embedding ofCoS@180°C 

nanoparticles into RGO sheets occurs 
simultaneously, leading to the formation of a 
RGO/CoS@180°C nanocomposite. As observed 
from the table 2, the crystallite size of 
RGO/CoS@180°C nanocompositedecreases to 
25 nm whereas microstrain and dislocation 
density increases from 1.4 x 10-3 to 1.5 x 10-3 
and 1.8 x 10-3 to 2.0 x 10-3lines/m3 which is due 
to the inverse relation with crystalline size of 
nanocomposite. The other structural 
parameters almost remain constant for both 
CoS@180°C and RGO/CoS@180°C 
nanocomposite. 

 
Fig. 2: XRD spectrum of CoS@180°Cand RGO/CoS@180°Cnanocomposite. 

Further, the crystalline size and strain are calculated by Williamson-Hall (W-H) method using 
following equation [37, 38].    

βhklCos𝜃 = 
𝐾𝜆

𝐷
+ 4ε.Sinθ                                                      … (5) 

Table 2: Structural parameters ofCoS@180°Cand RGO/CoS@180°Cnanocomposite. 

Sample Notations Crystalline 
size 
D (nm) 

Microstrai
n × 10-3 
 

Dislocatio
n density 
× 1015 

W-H Plot Lattice 
parameters 
 

 
Volum
e 

 
Densit
y D  ε × 
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(lines/m2) (nm) 10-3 a = 
b 

c V= abc g/cm3 

CoS@180°C  28 1.4 1.8 27 2.5 3.36 5.14 50.25 5.94 

RGO/CoS@180°C  25 1.5 2.0 24 2.6 3.35 5.18 50.35 5.94 

 
Equation (5) is an uniform deformation 

model (UDM) equation, which gives the 
crystalline size and strain of the crystals. Fig.3 (a 
& b)exhibit plot of equation (5) in which 
βhkl.Cosθ (vs) 4Sinθ corresponding to each 
composition. The slope gives the value of the 
intrinsic strain, whereas the intercept affords 
the crystallite size for CoS@180°C and 

RGO/CoS@180°Cnanocomposite. The crystallite 
sizes are calculated using UDM model for 
CoS@180°C and RGO/CoS@180°C 
nanocomposite are 27 nm and 24 nm, whereas 
the strain values are 2.5 x 10-3 and 2.6 x 10-3, 
respectively. The values of crystalline size and 
strain calculated using W-H plot are consisted 
with values calculated using Debye Scherrer. 

  

Fig. 3:W-H plot of a) CoS@180°Cand b) RGO/CoS@180°Cnanocomposite. 
3.2. FTIR and Raman Spectroscopy 

FTIR measurement was performed to 
study the vibrational properties and functional 
group analysis of CoS@180°Cand 
RGO/CoS@180°Cnanocomposite. From the Fig. 
4, the IR bandsnoted in the CoS@180°C spectra 
are 422 cm-1, 726 cm-1, 843 cm-1, 1155 cm-1, 
1504 cm-1, 1632 cm-1 and 3389 cm-1 .  The bands 
observed at 3389 cm-1 and 1632 cm-1 
corresponds to the O-H stretching and bending 
vibrational modes of water molecules [39]. The 
band observed at 1155 cm-1 is related to 
symmetric and asymmetric of C-C and C-O-C 

vibrations in theCoS nanoparticles[40]. The 
band observed at 1504 cm-1 is assignment to a 
hydroxyl bending of different types of surface 
hydroxyl groups [41]. The peaks appeared at 
422 cm-1 is related to CoS, 726 cm-1and 843 cm-1 

are related to N-C=S [42, 43]. Further, in the 
RGO/CoS@180°C nanocomposite (Fig.4), the 
characteristics peaks observed at553 cm-1are 
related to CoS and 843 cm-1 are related to N-
C=S. Also, the peak observed at 1092 cm-1 
belongs to C-O which is strongly support the 
RGO formation inRGO/CoS@180°C 
Nanocomposite.  
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Fig.4: FTIR spectrum of CoS@180°C and RGO/CoS@180°C nanocomposite. 

Fig. 5 shows the Raman spectra of 
CoS@180°C and RGO/CoS@180°C 
nanocomposite.Three Raman peaks are noted 
in the CoS@180°CNPsare 476 cm-1, 516 cm-1 
and 680 cm-1. Among these, the small 
peaksappeared at 476 cm-1 and 516 cm-1are 
consigned to Egand F2gmodes and the third  high 
intensity peak at 680 cm-1 is consigned to Aig 
mode of CoS NPs [44]. Where as in the Raman 
spectra of RGO/CoS nanocomposite, two more 

additional peaks are appeared at 1337 cm-1 and 
1598 cm-1 are assigned to D and G band of RGO. 
The G band is connected to bond stretching of 
sp2 carbon pairs in both rings and chains, while 
the D band is associated to the breathing mode 
of aromatic rings with dangling bonds in plane 
terminations, clearly indicates the successful 
formation of RGO/CoS@180°C 
nanocomposite[45 - 47]. 
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Fig.5:Raman spectra of a)CoS@180°C and b) RGO/CoS@180°C nanocomposite. 

3.4. Morphological analysis  
Fig. 6 (a - d) shows the SEM 

imagesCoS@180°C and RGO/CoS@180°C. Fig.6 
(a & b)shows SEM 
imagesCoS@180°Cnanocomposite, which 
clearly indicate the formation of CoS 
nanoparticle like flower shapes. This may be 
due to assemblage of several nanosheets to 
form the flower-like structure. Fig. 6(c&d) 
shows SEM images of RGO/CoS@180°C 
nanocompositeare also appear like flower 
shape and are formed on the RGO 
nanosheets.The advantageous of sheet like 
flower is that it provides a large surface area for 
reactions and made it easier for target 
molecules to be transported and create active 

surface area for the capacitive performance 
[48].  

Fig. 7(a - d) shows the TEM images of 
CoS@180°C and 
RGO/CoS@180°Cnanocomposite at different 
magnification also shows the flower like 
structure. These TEM images are evidently 
supporting the SEM images of CoS@180°Cand 
RGO/CoS@180°C nanocomposite. Fig. 8(a - d) 
shows the high resolution d spacing images and 
SAED pattern of CoS@180°C and 
RGO/CoS@180°Cnanocomposite in which d 
spacing values are 0.49 nm corresponding to 
the hkl plane (102) pattern. The results clearly 
matched with the XRD results.  
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Fig. 6: (a & b) SEM images of CoS@180°C and (c & d) SEM images of RGO/CoS@180°C nanocomposite. 

 
Fig. 7: (a & b) TEM images of CoS@180°C and (c & d) TEM images of RGO/CoS@180°C nanocomposite. 
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Fig. 8: (a – d) high resolution TEM images and SAED pattern of CoS@180°C and RGO/CoS@180°C 

nanocomposite. 
 
3.6. Electrochemical performance 

To explore the electrochemical 
properties of CoS@180°C and 
RGO/CoS@180°CNanocomposite, the 
fabricated electrodes were subjected into 6M 
KOH electrolyte solution and characterized by 
cyclic voltammograms (CVs) Fig.9(a& b) 
represents the CV curve  ofCoS@180°C and 
RGO/CoS@180°C nanocompositeelectrodes. 
The CV curves of both of these electrodes 
shows oxidation and reduction peaks displays 
pseudocapacitive nature. The area under CV 
curve for the both electrodes increases and still 
remains similar shape demonstrating a 
favorable high-rate performance.It is observed 
that the position and shape of theredox peaks 

remain unchanged, indicating thatthere is 
continuous charging and discharging kinetics 
inthe redox reaction. If the scan rate is 
increased the peak current density is also 
increased. It is a result of the exchange of 
charge in a faradic reaction at theelectrode and 
electrolyte interface. The anode and cathode 
potentials were observed to be drifting in the 
positive direction due to the higher scan rate 
and the internal diffusion resistanceof cobalt-
sulfide composite. The chemical reaction occurs 
during the process is likely due to  the 
oxidations of CoS to CoSOH and CoSOH to 
CoSO, and two plausible reactions areproposed 
for electrochemical reactions [49, 50]. 
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CoS (II) + OH−   ↔     CoSOH (III) + 𝑒−                                                                               … (6) 
CoSOH (III) + OH−   ↔     CoSO (IV) +H2O +  𝑒−                                                               … (7) 

The specific capacitance (Cp) of CoS@180°Cand RGO/CoS@180°C nanocompositeelectrodes can 
be calculated by using theequation [33]: 

Cp = 
𝐴

𝑚∆𝑉
                                                                            … (8) 

Where Cp , A, m and ∆V represents cathodic and 
anodic charge on each scan rate, area under CV 
curve, mass of the active material (mg) and scan 
rate in mV/s. Using the above equation, the 
Cpvalues of CoS@180°Celectrode are calculated 
as 467 F/g, 398 F/g, 302 F/g, 229 F/g and 156 
F/g, and  the Cp values of RGO/CoS@180°C 
nanocomposite electrode are 650 F/g, 539 F/g, 
452 F/g, 326 F/g and 230 F/g at a scan rates of 
10, 30, 50, 75 and 100 mV/s, respectively. The 
calculated values of Cp show a decreasing trend 

from lower to higher scan rate which is mainly 
attributed due to the diffusion effect. Fig. 9c 
represents the Cpversus scan rate of 
CoS@180°C and RGO/CoS@180°C 
nanocompositeelectrodes and it can be clearly 
seen that the Cp of RGO/CoS@180°C 
nanocompositeelectrode is higher than that of 
CoS@180°Celectrode, which is due to the 
electron transfer efficiency and an increase in 
electrical conductivity [51]. 
 

 
 
 
 
 
 
 

1360

http://www.neuroquantology.com/


 
 Neuroquantology | November 2022 | Volume 20 | Issue 17 | Page 1350-1366 | Doi: 10.48047/NQ.2022.20.17.NQ880170  
D. Govindarajaran et al/ Electrochemical behavior of CoS and RGO anchored CoS nanoflowers synthesized via hydrothermal method 
 

 

eISSN1303-5150       www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 

 
 

Fig. 9: (a & b) CV curves of CoS@180°C and RGO/CoS@180°C nanoconposite electrode.(c) Specific 
capacitance verses scan rate of CoS@180°Cand RGO/CoS@180°C nanocmposite electrodes. 

Fig. 10 a and b represents the GCDs 
curves of CoS@180°C and RGO/CoS@180°C 
nanocompositeelectrodes at the current density 
of 2 A/g, 4 A/g, 6 A/g, 8 A/g and 10 A/g with the 

potential window varied from 0.3 V to 0.7 V. 
The Cpof CoS@180°C and RGO/CoS@180°C 
nanocompositeelectrodes using GCDs can be 
calculated from the following equation [32]: 

Cp (GCD) = 
𝑖∆𝑡

𝑚∆𝑉
       … (9) 

 
Where i is the current density (A/g), ∆t 

is the discharging time (s), m is the mass of the 
active material (mg) and ∆V is the potential 
window (volts). The calculated Cp values of 
CoS@180°C and RGO/CoS@180°C 

nanocomposite electrode are 452F/g, 383 F/g, 
295 F/g, 203 F/g, 136 F/g and 633 F/g, 496 F/g, 
412 F/g, 305 F/g, 207 F/g, respectively. The 
Cpvalue decreases with increase of current 
density (Fig. 10c)which is partly due to the 
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increase in the incremental voltage drop and 
partly due to the deficiency of active sites 
related with redox reaction. Also the OH− ion 
dispersion is high at lower current density and it 
takes adequate time to diffuse the whole 
energetic electrode which supports to increase 
of Cpvalue [52]. Moreover, the Cp of a 
RGO/CoS@180°C nanocompositeelectrode has 

a larger Cpvalue than CoS@180°C electrode, 
indicating that RGO boost the supercapacitive 
performance of the CoS@180°Celectrode.  This 
may due to RGO sheets provide a large surface 
area with good mesoporosity that increases 
electron and ion mobility during the redox 
process [52]. 

 
 

 
Fig. 10: (a & b) GCDs curves of CoS@180°C and RGO/CoS@180°C nanocomposite electrodes. (C)Specific 

capacitance verses current density of CoS@180°Cand RGO/CoS@180°C nanocomposite electrodes. 
Conclusion  Overall, hydrothermal method was 

applied for the synthesis of CoS@180°Cand 
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RGO/CoS@180°Cnanocomposite. The XRD 
confirms the hexagonal crystal structure of CoS 
and RGO/CoS nanocomposites andare very well 
matched with JCPDS card No. 75-0605. The FTIR 
spectrum confirms the formation of 
CoS@180°Cand RGO/CoS@180°C 
nanocomposites through its characteristics 
peaks. The peak observed at 1092 cm-1in FTIR 
and D, G band observed in Raman spectrum 
confirms the successful formation RGO in the 
RGO/CoS@180°C nanocomposites. The flower 
like shapes was seen through SEM and HRTEM 
images. The RGO/CoS@180°Cnanocomposites 
showed a higher specific capacitance value (650 
F/g) than CoS@180°C electrode(467 F/g) for 10 
mV/s indicated that the RGO/CoS@180°C 
nanocomposite is suitable material for 
supercapacitor appalications. 
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