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CuS nanostructures have been successfully synthesized by hydrothermal route using copper nitrate and sodium thiosulphate as
copper and sulfur precursors. Investigations were done to probe the effect of cationic surfactant, namely, Cetyltrimethylammonium
bromide (CTAB) on the morphology of the products. A further study has been done to know the effect of reaction time on the
morphology of CuS nanostructures. The FE-SEM results showed that the CuS products synthesized in CTAB were hexagonal
plates and the samples prepared without CTAB were nanoplate like morphology of sizes about 40–80 nm. Presence of nanoplate-
like structure of size about 40–80 nm was observed for the sample without CTAB. The synthesized CuS nanostructures were
characterized by X-ray diffraction (XRD), FE-SEM, DRS-UV-Vis spectroscopy, and FT-IR spectroscopy. A possible growth
mechanism has been elucidated for the growth of CuS nanostructures.

1. Introduction

Semiconductor nanomaterials have attracted great interest
because of their novel properties, like surface-to-volume ratio
and the three-dimensional confinement of electrons, being
different from those of their bulk counterparts [1–3]. In recent
years, there has been an increasing interest in transition
metal chalcogenides due to their novel physical and chemical
properties. Covellite copper sulfide, as a member of the
chalcogenides, has been used in photo thermal conversion
[4], electrodes [5], nonlinear optical materials, solar con-
troller, solar radiation absorber [6], catalyst [7], nanometer-
scale switches and high-capacity cathode material in lithium
secondary batteries [8], and sensors [9]. It has been observed
that sulfides in nanoscale also function as photocatalyst with
preferable catalytic ability [10]. Recently, various morpholo-
gies of copper sulfide including nanowires [11], nanodisks
[12], hollow spheres [13], and flower-like structures [14] were
prepared by thermolysis [15], microemulsion [16], hydrother-
mal [17, 18], solvothermal [19, 20], and polyol route [21],
one-step solid-state reaction [22], chemical vapor deposi-
tion (CVD) [23], wet chemical method [24], and template-
assisted [25] and sonochemical methods [26] which have

been reported. Among them, the hydrothermal method is
the most common synthesis technology, because of its ease
of operation with less-expensive equipment. Recently, many
efforts have been devoted to the synthesis of CuS nanostruc-
tures by solvothermal process at 140∘C [27]. Many literatures
are reported on the synthesis of CuS flakes by hydrother-
mal and sonochemical methods [28, 29]. CuS hexagonal
nanoplates have been obtained through a vacuum chemical
vapor reaction process at about 450∘C [30]. Hexagonal CuS
nanoplatelets have been prepared through an improved
solvothermal process at 120∘C [31]. CuS nanodisks have been
prepared by means of solution-phase-arrested precipitation
of copper sulfide nanocrystals at 182∘C. In our previous work,
the growth of CuS nanostructures was prepared under
hydrothermal conditions at 150∘C without the use of any
surfactant and the effect of reaction time is reported [17].

In this work, copper sulfide nanostructures with inter-
esting morphologies were successfully synthesized in the
presence of CTAB surfactant by a simple cost-effective
hydrothermal technique using water as a solvent. Use of
surfactant played an important role in determining the CuS
morphology and renders the stability of the nanomaterials.
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Copper nitrate and sodium thiosulphate are used as copper
and sulfur sources with CTAB as surfactant at 150∘C for
5 and 24 hrs, respectively. The effect of reaction time and
its growth mechanism has been discussed in detail. The as-
prepared hexagonal nanoplate-like CuS nanostructures have
excellent optical properties; the UV-Vis diffuse reflectance
spectra (DRS) of the CuS nanostructure show strong and
broad absorption spectra between 400 and 800 nm.

2. Materials and Methods

2.1. Materials. Copper nitrate trihydrate Cu(NO
3
)
2
⋅3H
2
O,

sodium thiosulphate (Na
2
S
2
O
3
⋅5H
2
O), and Cetyltrimethy-

lammonium bromide (CTAB) were purchased from SD-Fine
Chemicals, India, and they were all of analytical grade and
used as received. All the samples were prepared using Milli-
Q water.

2.2. Synthesis of CuS Nanomaterials. In a typical synthesis,
copper nitrate trihydrate Cu(NO

3
)
2
⋅3H
2
O (1mmol) was dis-

solved in 40mL of water. A green color solution was formed
and 2.5mmol of sodium thiosulphate and 0.2mmol of CTAB
were added to the above solution under vigorous stirring to
ensure well dispersion of the reactants. A pale white color
solution was formed, which was then transferred into a
300mL Teflon-lined autoclave.The autoclave was then sealed
and maintained at 150∘C for the reaction time of 5 hrs and
24 hrs. After the reaction time, the resulting solutions were
allowed to cool down at room temperature naturally. The
resulting product was collected, washed several times with
water and absolute ethanol, and dried under vacuum at 60∘C
to obtain the final product. To know the effect of CTAB, the
same reaction was repeated in the absence of CTAB.

2.3. Characterization. The phase and the crystallographic
structure were identified by X-ray diffraction (XRD, Philips
X󸀠 Pert Pro, Cu-K𝛼: 𝜆 = 0.1540598 nm).The particle size and
morphology of the products were studied by FE-Scanning
Electron Microscopy (FE-SEM) (HITACHI SU6600 SEM).
Optical property of CuS nanostructures was done by DRS
UV-Vis spectrophotometer (HITACHI U-2800). FT-IR spec-
tra were recorded for studying the functional groups using
KBr disks on a Shimadzu affinity spectrophotometer.

3. Results and Discussion

3.1. XRD Analysis. The phase composition and the phase
structure of the products were examined by powder XRD.
The XRD pattern of CuS nanostructures at two different
reaction times (5 hrs and 24 hrs) is shown in Figure 1. From
the XRD pattern, it can be seen that the resultant product is
of pure phase. For all the final products at different reaction
parameters, the formation of the pure covellite of CuS with
hexagonal phase has been confirmed with the JCPDS data.
All diffraction peaks were closely indexed with the standard
peaks of CuS hexagonal phase with JCPDS card number
06-0464 and the cell parameters are 𝑎 = 3.792 Å and
𝑐 = 16.344 Å. No other impurity peaks were observed. The

diffraction peaks are much broader than the standard peaks
showing the formation of crystallites with smaller size.

As seen in the figure, the peaks are strong and sharper
for a longer reaction time period of 24 hrs suggesting that the
as-obtained products are well crystalline and smaller in size.
This could be due to the rate of nucleation increasing at longer
time periods, till it attains a well-defined stable structure.The
XRD graph clearly shows peak at (100), (101), (102), (103)
(008), (110), (108), and (116) as in accordance with the JCPDS
file (06-0464) indicating that CuS exists as covellite phase.
These peaks are in well agreement with other reports [32].
The crystalline size of CuS nanomaterials was calculated by
using Scherrer’s formula as follows:

𝑑 =

𝑘𝜆

𝛽 cos 𝜃
, (1)

where “𝑑” is the mean crystalline dimension, “𝑘” is the
crystallite shape constant (0.9), “𝜆” denotes the wavelength
of the X-rays (Cu K𝛼: 1.5406A), “𝛽” is the full width at
half maximum (FWHM) of the peak in radians, and “𝜃” is
the diffraction angle, respectively. The average grain size was
found to be 20, 24, and 22 nm for 5 hrs without CTAB, with
CTAB for 5 hrs, and with CTAB for 24 hrs, respectively.

3.2.Morphological Characterization. Themorphology of CuS
nanostructures was investigated by FE-SEM analysis. Fig-
ures 2–4 show the FE-SEM images of CuS nanostructures
prepared at 150∘C for different reaction times. The reaction
was also done without the presence of CTAB to know the
morphology of the products. Figure 2 shows the correspond-
ing FE-SEM images of CuS nanostructure without CTAB at
different magnifications. From the figure, it can be seen that
the structures were not uniform and well defined.

Figure 3 shows the SEM image of CuS nanostructures at
150∘C for 5 hrs, which shows that there was notmuch regular-
ity in the features. A close magnification shows the presence
of nanoplates which had a mean plane size of 40–80 nm
(measured edge to edge). At 5 hrs reaction time, the pri-
mary nucleation process is hindered, which allows them to
aggregate to form CuS spheres, which led to the formation
of irregular plate-like architectures. When compared to CuS
nanostructures without CTAB, Figure 3 shows that some
uniformity in stacking of nanoplates was achieved in the pres-
ence of CTAB as surfactant indicating the capping behavior
of CTAB molecules to CuS crystallographic faces.

Figure 4 shows the SEM image of CuS nanostructures at
150∘C for 24 hrs at various magnifications. It can be clearly
seen from the figure that the structures are self-assembled
to form hexagonal nanoplates. The Van der Waals force was
raised due to the end-to-end growth of small platelets in CuS,
which helped to form the CuS architectures. The increasing
reaction time will strengthen the end to end growth and
formation of hexagonal nanoplate intrinsic anisotropic CuS
structure.

3.2.1. Reaction Mechanism. In this reaction process, surfac-
tant and reaction time play a major factor influencing the
morphology of the products. The addition of CTAB plays an
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Figure 1: XRD patterns of CuS nanostructures (a) without CTAB for 5 hrs, (b) with CTAB for 5 hrs, and (c) with CTAB for 24 hrs.
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Figure 2: FE-SEM images of CuS nanostructures without CTAB for 5 hrs at 150∘C at different magnifications.

important role in the formation of CuS hexagonal plates-like
structure [33]. In addition, blank experiments were carried
out without CTAB surfactant, where the obtained products
are of irregular plate-like architectures. Hence, due to the
CTAB adsorption at 150∘C, the primary nucleation process
is hindered, which allows them to aggregate to form CuS
spheres, which will further grow preferentially along the

certain face to flake-like spheres. Generally the primary
aggregation is accepted. It is well known that the formation
of CuS nanosheets involves 2 steps: nucleation and growth. In
the nucleating stage, the plate-like seeds are formed due to the
intrinsic anisotropic characteristics. Subsequently, the seeds
grew along the different planes during the growth process.
The hexagonal plate-like CuS consists of the alternating layers
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Figure 3: FE-SEM images of CuS nanostructures with CTAB at 150∘C for 5 hrs at different magnifications.

with composites of CuS and Cu
2
S
2
. Between the layers, there

exists a weak Van der Waals force that the crystal can easily
cleave and obtain the smooth surfaces [34].Hence, CuS grows
like flake-type spheres.These flake-like platelets self-assemble
to form CuS nanostructures. It is supposed that the nan-
oplates are obtained through seed-mediated growth in the
presence of CTAB surfactant, which is selectively adsorbed
on the various planes of CuS seed and stabilizes the formed
nanoplates. The sizes of the hexagonal plates are measured
to be 40–80 nm. The formation of hexagonal nanoplates
might be partly related to intrinsic anisotropic structural
characteristic of CuS. Simultaneously, the surfactant prevents
the aggregation of the spheres and the layer reaction time
promotes the flake-like nanoplates, self-assembled to form
the nanostructures:

Cu2+ + S
2
O
3

2−

+ 2H
2
O 󳨀→ [Cu (S

2
O
3
) (H
2
O)
2

]

Cu2+ + 2S
2
O
3

2−

󳨀→ [Cu(S
2
O
3
)

2

]

2−

[Cu (S
2
O
3
) (H
2
O)
2

] 󳨀→ CuS ↓ + SO
4

2−

+ 2H+ +H
2
O

[Cu(S
2
O
3
)

2

]

2−

+ 6H
2
O 󳨀→ CuS + 3SO

4

2−

+ 12H+

(2)

The Cu2+ combine with S
2
O
3

2− to form [Cu(S
2
O
3
)⋅(H
2
O)
2
]

and [Cu(S
2
O
3
)
2
]2− in water at room temperature. This com-

plex dissociates to supply the Cu ions and the Cu2+ ions
combine with S2− produced from the hydrolysis to form CuS.
From the different reaction time theCuS nanostructures need
a longer reaction time of 24 hrs rather than 5 hrs.

3.3. Optical Property of CuS Nanoplates. Figure 5 shows the
UV-Vis absorption spectra of the resulting CuS products.The
optical absorption spectrum of CuS materials is shown in the
figure [8]. From the UV-vis figure, it shows that the samples
absorb in the spectral region between 400 to 800 nm. In
addition, a broad band extending into the near-IR region can
be observed, which is characteristic for covellite CuS. There
is a broad shoulder around 620 nm near-IR regions; that
is, longer wavelength is due to free-carrier absorption. The
obtained UV-Vis spectrum is slightly blue-shifted due to
quantum confinement effect of CuS nanomaterial [35] as
compared to the bulk CuS material [36]. For CuS nanopar-
ticles, the wavelength increases with decreasing the particle
size due to the surface scattering of free carriers. It can
be concluded that the CuS nanomaterials have a broad
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Figure 4: FE-SEM images of CuS nanostructures with CTAB at 150∘C for 24 hrs at different magnifications.
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Figure 5: UV-Vis absorption spectrum of CuS nanostructures synthesized at 150∘C for different reaction time (a) without CTAB 5 hrs (b)
with CTAB 5 hrs (c) with CTAB 24 hrs.
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Figure 6: Optical band gap spectrum of CuS nanostructures synthesized at 150∘C (a) without CTAB for 5 hrs, (b) with CTAB for 5 hrs, and
(c) with CTAB for 24 hrs.
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Figure 7: FT-IR spectrum of CuS nanostructures synthesized by CTAB at 150∘C for 24 hrs.
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absorption spectrum in both visible and near-IR regions.
Thus,CuS is a promisingmaterial in the field of photocatalysis
and solar cells.

From the UV-Vis figure, it is shown that the samples
absorb in the spectral region between 400 and 800 nm. In
addition, a broad band extending into the near-IR region can
be observed, which is characteristic for covellite CuS. The
optical band gap is obtained by the following equation, with
the help of absorption spectra [37]:

(𝛼ℎ])𝑛 = 𝐴 (ℎ] − 𝐸
𝑔
) . (3)

To determine the energy band gap, (𝛼ℎ𝜐)2 versus (ℎ𝜐) was
plotted, where “𝛼” is the absorption coefficient, “ℎ𝜐” is the
photon energy, “𝐴” is a constant, “𝐸

𝑔
” is the band gap, and

“𝑛” is either 1/2 for an indirect transition or 2 for a direct
transition [38]. Thus, a plot of (𝛼ℎ𝜐)2 versus (ℎ𝜐) is a straight
line whose intercept on the energy axis gives the energy gap.
According to the above equation, based on the direct transi-
tion as shown in Figure 6, the band gaps of as-obtained CuS
are 1.64 eV, 1.65 eV, and 1.64 eV without CTAB for 5 hrs, with
CTAB for 5 hrs, and with CTAB for 24 hrs, respectively. The
obtained band gap is almost the same for all the three samples.

The FT-IR spectrum of as-prepared CuS catalyst is shown
in Figure 7. The broad absorption peak around 3450 cm−1
corresponds to the stretching mode of the hydroxyl ions and
1630 cm−1 corresponds to the bending modes of H–O–H
moieties of absorbed water, which indicates that the existing
water molecules are absorbed by sulfide products. The
presence of vibrational peak around 613 cm−1 indicates the
presence of Cu–S stretching modes [39].

4. Conclusions

The CuS nanostructures were prepared by hydrothermal
method by using copper nitrate as a copper source and
sodium thiosulphate as a sulfur source in the presence of
CTAB as surfactant at 150∘C.The reaction was probed at two
different time periods, namely, 5 hrs and 24 hrs, respectively,
to know the change in themorphology of the products. X-ray
diffraction pattern suggests that the CuS crystals are of pure
hexagonal phase. The morphology of the products and the
effect of the reaction time have been studied by using FE-
SEM. It is found that CTAB plays an important role in the
formation of hexagonal nanoplates. The optical property of
the prepared CuS nanostructures has been studied.
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