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Abstract: In this study, we proposed porous copper sulfide (CuS) nano flower by hydrothermal route. Cationic surfactant cetyl
trimethyl ammonium bromide (CTAB) was used as stabilizer and copper nitrate as precursors, thiourea as sulfur source and
ethylene glycol as solvent. CuS nano crystals were prepared by adding 3 different CTAB concentration viz., 0.05, 0.07 and 0.1
mM at constant temperature 130°C. Structural, morphological and chemical composition of the as-synthesized samples was
thoroughly characterized by XRD, SEM/EDS, TEM and XPS techniques respectively. The SEM and TEM images demonstrate
flower like nanostructures and also these samples were utilized for electrochemical study by coated the sample on glassy carbon
electrode (GCE). The electrochemical performance of the as-synthesized CTAB/CuS material was studied by cyclic voltammetry
(CV). These results demonstrate that CTAB (0.1mM)/Cus electrode delivered a high specific capacitance of 328.26 Fg™ in a 2M
KOH aqueous electrolyte at 5mV/s and indicating their potential application as promising electrode materials for super
capacitors.
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L. INTRODUCTION
Capacitive energy storage systems have significant interest and importance due to higher power density (10-20 times), a fast charge
discharge mechanism and extensive life cycles compared with batteries. The device connecting capacitive energy storage
mechanism is called electrochemical capacitor e.g. EDLC, Supercapacitor etc. These power sources were used in electric vehicles,
memory backups or back-up supplies to protect against power failure. The EDLC store the charge electro statically and the active
materials are stable [1-4].
Normally carbon materials are used because which has high specific surface area (1000 — 2000 m?g™), good conductivity flexible
and availability in different forms. However the effect of electrostatic surface charging mechanism, carbon materials suffer from
limited energy density. In contract, the supercapacitors show higher energy density than the EDLC. In supercapacitors, the charges
arise due to fact, reversible redox processes going on electrode surface. Some oxide materials possess exhibits higher Cs than that of
conventional carbon materials. This has begun to investigate for low-priced alternate electrode materials having excellent
capacitance and longer life time [5-7].
In recent times, metal sulfides have been confirmed to the materials of choice for high performance supercapacitors. Metal sulfides
have been intensively researched in applications for fuel cells, solar cells and Li-ion batteries in view of their excellent performance
[8-10]. Nowadays metal sulfides have prospective application to supercapacitors due to chemical stability, large surface area and
conductivity [11, 12]. The metal sulfide nanostructures such as Zinc Sulfide, Cupper Sulfide and Cobalt Sulfide were used as
electrode materials for energy storage applications [13-15]. The subsistence of two or more valance states of metal constituents
present in sulfides and the sulfur having high theoretical capacity than that of oxides and it can provide better capacitance behavior.
The covellite copper sulfide is exhaustive studied material attributable to great potential applications in several fields such as
photocatalysis, low-temperature superconductors, super ionic materials, chemical sensors and thermoelectric cooling materials [16-
20]. Also Cus as electrode material for supercapacitor owing to its high capacitive behavior, large surface area and low cost also
may enhance its performance by improving the preparative methods. For practical application of high power density devices, the
powder forms yield better volumetric energy density than films. The transition metal sulfides were good accessibility for redox
reactions in supercapacitors [21]. Compared with other metal oxides, the copper mono sulfide is easier, inexpensive and it has
higher hole mobility.
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From the literature studies, the specific capacitance of CuS strongly depends on the morphology, surface area and preparation
methods. Because supercapacitance is an interfacial phenomenon, best way to improve the charge storage capacity is to increase the
specific surface area of the materials with optimum pore distribution. Surfactant stabilized synthesis method of CuS may achieve
this property. The mesoporous systems with large surface areas are expected the ion transport within the pore system, thus
increasing the electroactive material- electrolyte interface area, which may enhances electrochemical performance.

Here, in this report, CuS electrodes were prepared via effortless and low cost hydrothermal route using different concentrations of
cationic surfactant (CTAB) as structure promising agent. The important novelty is that there is no any researchers use flower like
mesoporous nanoatrucutures as the electrode material to attain high C, compared to spherical CuS nanostructures. The
electrochemical behavior of the CTAB stabilized CuS were investigated as electrode material for supercapacitors in 2M KOH
electrolyte solution. Therefore, these can be proposed as good energy storage devices due to the high exchange of ions at the
interface. CTAB (0.1mM)-CuS nanostructures have been explored using cyclic voltammetry (CV). These techniques provide the
higher C, which was considerably superior to the earlier reports. The novel CTAB (0.1mM)-CusS electrode reveals high specific
capacitance.

1. EXPERIMENTAL SECTIONS
A. Reagents.
Copper nitrate trihydrate (Cu (NO3).3H,0), Thiourea (Tu,Sc(NH,),), Ethylene Glycol (EG) and Cetyl trimethyl amoniame bromide
(CTAB) from SD fine . All chemicals were of analytical grade and were used without further purification.

B. Synthesis of CuS Nanostructures.

In a typical procedure, ImM of Cu (NO3).3H,0, 2 mM of Tu,Sc(NH,), and different concentratons of CTAB were dissolved in 40
ml of EG and magnetic stirring for 50 minutes. The solution into a Teflon-lined autoclave sealed and maintained at 130°C for 10
hrs. The resulting black powder of CTAB-CuS sample washed many times with acetone and de-ionized water then dried at 70°C for
6 hrs.

C. Materials Characterization.

The diffraction patterns were recorded on X’Pert-PRO using Cu Ka radiation. X-ray diffractmeter at a scan rate of 1° min™ over the
range 20° —70° (20) at room temperature. The change in morphology on increasing CTAB concentrations stabilized CuS was
inspected through a (JEOL-JSM - 5610 LV with INCA EDS) scanning electron microscope (SEM) and the elemental analysis was
studied using EDS. The morphologies were analyzed on a TEM CM-200 transmission electron microscope (TEM). Chemical
bonding states were investigated by X-ray photoelectron spectroscopy (Kratos Analytical).

D. Electrochemical Measurements.
The electrode preparation and electrochemical characterization techniques used for prepared samples have been discussed in our
previous paper [22].

1. RESULTS AND DISCUSSION

In this process, CTAB was selected as a shape inducing agent. Only in the presence of CTAB, CuS well arranged nanostructures
were obtained. The concentration of CTAB was tested, the results showed that copper sulfide nanostructures were obtained only in
the range of 0.05 to 0.1mM, but when the concentration of CTAB was less than 0.05 or over 0.1mM, the products were
agglomerated. The surfactant concentration was varied viz., 0.05, 0.07 and 0.1mM on 1:2 (Cu: S).

It is well known that strong intermolecular forces, such as Vander Waals attraction, ® — 7 interaction, etc., contribute to the
aggregation of nanoparticles. This is a challenge to obtain stable dispersion. Therefore during the synthesis of CuS, different types
of stabilizers have been used to get stable dispersion. On standing, the particles in the dispersion were precipitated out when the
reactions were performed below critical micelle concentration (CMC) value of CTAB. CuS nanostructures were prepared by
changing the stabilizer concentration from 0.05 to 0.1 mM.

A. XRD analysis

The crystallographic structures of CTAB stabilized CuS nanstructures are investigated by XRD analysis. Figure 1 (a-c) shows the
XRD patterens of CuS nanostructures by using various concentrations of (CTAB) cationic surfactant.
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Fig.1 The XRD patterns of CuS assisted with CTAB

(@) 0.05, (b) 0.07and (c) 0.1 mM

All the diffraction peaks can be indexed as 26 values positioned at 26.13°, 27.11°, 29.54°, 31.95°, 32.65°, 47.78°, 52.14° and 59.25°
corresponding to the (hkl) planes of (100), (101), (102), (103), (006), (110), (108) and (116) of covellite CuS in good crystalline
quality, which is consistent with the hexagonal CusS standard spectrum, with lattice constants of a=3.792 A and c=16.344 A are well
matches with the standard card (JCPDS No0.06-0464) [23]. No observable impurity phases were seen in the XRD spectra, it
indicating the formation of hexagonal phase of CuS only. According to the estimation of the scherrer equation, the average particle
size of various concentrations of (0.05, 0.07 and 0.1mM) CTAB assisted CuS nanostructures are 24, 19 and 14 nm respectively.

B. XPS Analysis

To further investigate the (0.1mM) CTAB-CuS products were analyzed by X-ray photo-electron spectroscopy (XPS) for the
evaluation of their composition and purity. No peaks of any impurities are detected in the XPS spectra, indicating the high purity of
the product. Fig. 2a and b shows the high-resolution XPS spectra of Cu 2p and S 2p respectively. Fig.2a shows the Cu 2p3/2 peak is
found at 931.59 eV and Cu 2p1/2 peak is found at 951.37 eV which corresponds to Cus.
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Fig. 2 XPS spectra of (0.1mM) CTAB stabilized CuS nanostructures
(@) Cu 2pand (b) S 2p (c) full spectrum
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Fig. 2b presents the XPS spectrum for the S 2p state, the peak located at a binding energy of 162.53 eV corresponds to Cu - S atom
[24]. The satellite structure is not detected, except that there is some asymmetry in the peak shape toward higher binding energies.
As shown in fig.2c the survey spectrum of the sample, this reveals that all the peaks have been marked. Evidently, the existence of
all the peaks can be ascribed to the elements Cu 2p, S 2p and C 1s as well as O 1s elements from reference and oxygen in the sample
is likely due to their exposure to the atmosphere. Hence from XPS analysis, it can confirm the presence of all desired elements used
for the preparation of CuS nanostructures. In the near-surface range, the chemical composition of the product is Cu and S which is
well agreement with this experiment. From the XPS spectrum, there is no other elements are found it indicating the high purity of
the sample.

C. Sem/Eds
The surface morphology study reveals that the formation of CTAB/CuS microstructures to a size of 1um as shown in figure 3. The
SEM images confirms that the average diameters of the porous nanostructure of (0.05) CTAB-Cus, (0.07) CTAB-CusS and (0.1mM)
CTAB-CusS samples are about 24-27 nm, 19-22 nm and 14-19 nm respectively.
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Fig.3 SEM image of Cus assisted with CTAB (a) 0.05, (b) 0.07and (c) 0.1 mM
and (d-f) are corresponding EDS spectra

The SEM images of the products obtained at 130°C in fig. (3(a-c)) are found to be sphere with flake-like nanostructures. The SEM
image shown in figure 3(c) clearly shows that evenly dispersed with minimal cluster formation of flower-like morphology (0.1mM)
CTAB-CuS microstructures. The EDS spectra shown in Fig.3(c, f and i) confirmed that the presence of Cu and S peaks only. The
molar ratio of Cu and S was 1:2, well agreeing with the stoichiometry of CuS.

D. TEM

Fig.4 (a-c) shows the TEM mages of porous (0.1mM) CTAB stabilized CuS nanostructures. The morphology of (0.1mM) CTAB-
Cus consists of thinly stacked flakes of shapes with well defined structures at the edges and the average diameter of around 30nm.
TEM images clearly show flower-like morphology. The corresponding selected area electron diffraction (SAED) pattern (fig. 4(d))
reveals that the crystalline structure can be indexed to the (101), (102), (103), (110), (108) and (116) planes of the hexagonal CTAB-
CusS nanostructures. These results are confirms the XRD observation.
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Fig.4 (a)-(c) TEM image of CTAB (0.1mM)-Cu$S nanostructures (d) SAED pattern

E. Electrochemical studies

The capacitive behavior of the various concentrations of CTAB stabilized CuS electrodes were evaluated by cyclic voltammetry
(CV) tests in a three-electrode configuration system with a 2M KOH aqueous electrolyte. Fig.5.(a-c) shows the cyclic
voltammograms (CV) of a (0.05)CTAB-CuS, (0.07) CTAB-CuS and (0.1mM) CTAB-CusS electrode with a potential range between
0.0to 0.5 V (vs SCE) at different scan rates such as 5, 10, 20 and 50 mV/s.
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CV curves
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Fig.5 (a, b) shows the CV curves of modified (0.05 and 0.07mM) CTAB-Cus electrodes. The tendency towards a box-like shape
and some redox curves are observed of these curves indicates nearly ideally capacitive behavior of the CuS nanostructures. The test
was carried out under a fixed potential window, 0.1-0.5 V. Fig.5¢ demonstrates the CV curves of modified (0.1mM) CTAB-CuS
electrode roughly rectangular shape superimposed with broad faradaic curve in the range of 0.1 to 0.4 V [25]. Besides, as the scan
rates varies between 5 and 50 mV/s, the shapes of the CV curves do not significantly change and still shows rectangular features.
This shows the good high-rate capability of the (0.1mM) CTAB-CuS nanostructures. This indicates the coexistence of electrical
double layer and faradic pseudo capacitances for modified CusS electrode [26, 27]. Compared with other electrodes, the area under
the CV curve is greatly higher for the (0.1mM) CTAB-Cus electrode has the largest CV area, indicating the highest levels of stored
charge. The specific capacitance of the three CTAB (0.05, 0.07 and 0.1mM)-Cus electrodes can be calculated by the following
formula

_Q

T AV.m

Where C; represents the specific capacitance, Q is the anodic and cathodic charges on each scanning, m is the mass of the active
material (g) in the electrodes and AV is the applied voltage window of the voltammetric curve (mVs™). The specific capacitance
values were found to increase in the order of (0.05)CTAB-CuS (221.23Fg™) < (0.07)CTAB-CuS(277.11Fg™) < (0.1mM)CTAB-
CuS(328.26 Fg™) at a scan rate of 5mV/s in 2M KOH aqueous electrolyte solution. This result can be attributed to the largest
specific surface area of the (0.1mM) CTAB-CuS sample.

Cs

V. CONCUSION

In summary, three different concentrations of CTAB used as soft templates to control the self-assembly process of CuS
nanostructures were successfully prepared. The reactions were carried out in the reaction temperature 130°C via a hydrothermal
method. It was found out that stabilizer on the CusS affect the morphologies, size and yields of the products, that is flower-like CuS
nanostructures were obtained after 10hrs. Among the three CuS electrodes has the highest specific surface area and optimal
electrochemical properties because of the mono dispersive mesoporous distribution. Thus the as-obtained porous (0.1mM) CTAB-
Cus electrode reveals a high specific capacitance of 328.26 Fg™ at scan rate of 5mVs™ is highly promising electrode material for
energy storage applications (Supercapactior).
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