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Abstract Copper sulfide nanostructures with different
morphology have been developed using wet chemical route.
The product so obtained have been characterized using
X-ray diffraction (XRD), Field emission scanning electron
microscopy (FESEM), Ultraviolet visible spectroscopy
(UV-Vis) and photoluminescence (PL) technique. Effect of
reaction medium on the morphology of the obtained sam-
ples has been studied in detail. We hereby demonstrate that
while the reaction medium used has no impact on the phase
of the prepared sample, however it plays an important role
in deciding the morphology. CuS nanoparticles, nanoflower
and nanoflakes like structure have been prepared under
optimized condition using facile method in small period of
time.

1 Introduction

Semiconductor chalcogenides made of cheap and abun-
dant metal ions with appropriate band gap are currently
an attractive field for the researchers [1]. Among various
chalcogenides, copper sulfide with unique characteristic
properties has been a potential candidate for number of
applications [2]. The activity of copper sulfide has been
shown to improved significantly if prepared on nanoscale
with well defined morphology [3]. Copper sulfide can be
present in different crystallographic phases. Among these
different phases, ideal band gap of CuS makes it efficient
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solar energy absorber as it possess variable band gap which
can be engineered to an ideal band gap of solar cells which
make it efficient light absorbers for fabrication of solar cell
[4]. Therefore it is desirable to develop a process that can
produce CuS nanostructure with different controlled mor-
phology. CuS structure with different morphologies have
been prepared using different techniques [5]. However,
still it is a big challenge to produce pure nanostructured
CuS. In the present work, we report the preparation of CuS
nanostructure with diverse morphology. Furthermore, by
changing the reaction solvent from ethylene glycol to poly-
ethylene glycol CuS with well define morphology has been
obtained.

2 Experimental
2.1 Chemicals

Copper chloride dihydrate, zinc acetate dihydrate, sodium
sulphide flakes (purified) and sodium thiosulfate pentahy-
drate were obtained from Sigma and Aldrich. Polyethylene
glycol, ethylene glycol and cetyl trimethyl ammonium bro-
mide (CTAB) were purchased from Spectrochem, India.
All the chemicals were of analytical grade and were used
without any further purification.

2.2 Synthesis

2.2.1 Copper sulfide nanoparticles (sample 1)

In typical experiment 0.2 moles of Na,S solution was
prepared in distilled water. Solution of 1 gram CTAB in

10 ml distilled water along with 25 ml of ethylene glycol
was added to Na,S solution. To this mixture 0.1 mol of
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CuCl,.2H,0 solution was added drop wise with continuous
stirring over a magnetic stirrer at room temperature. Black
colored solution so obtained was kept stirred over magnetic
stirrer for 5-10 min. Then the mixture was refluxed for 6 h
and after being allowed to cool down to room temperature
it was filtered washed with ethyl alcohol and dried under
ambient conditions.

2.2.2 Zn doped copper sulfide nanoparticles (sample 2)

0.1232 moles of copper chloride solution, 0.011 mol of zinc
acetate and 0.269 moles of sodium sulfide solution was pre-
pared separately. Then a solution of 1 g CTAB in 10 ml dis-
tilled water along with 25 ml of ethylene glycol was added
to sodium sulfide solution while stirring. Followed by that,
copper chloride and zinc acetate solutions were added,
simultaneously, drop wise to the solution CTAB and Na,S
solution with continuous stirring over a magnetic stirrer at
room temperature. Black coloured solution so obtained was
kept stirred over magnetic stirrer for 5-10 min. Then the
mixture was refluxed for 6 h at and after being allowed to
cool down to room temperature it was filtered washed with
acetone and dried.

2.2.3 Copper sulfide nanoflowers (sample 3)

0.06 mol of CuCl, solution was prepared in 50 ml dis-
tilled water. To this solution 50 ml polyethylene glycol
was added. In similar way 0.03 mol of sodium thiosulfate
solution was prepared in water and polyethylene glycol
mixture. Both the solutions were sonicated for a period of
15 min. Sodium thiosulfate solution was added drop wise
to the solution of copper chloride with continuous stirring
at room temperature, over a period of 45 min. After that the
mixture was kept stirred over magnetic stirrer for 5—10 min.
Then the mixture was refluxed for 90 min and after being
allowed to cool down to room temperature, black solid
sample obtained, was filtered washed with absolute alcohol
and dried under ambient conditions.

2.2.4 Copper sulfide nanoflakes (sample 4)

0.06 mol of copper chloride solution was prepared in 50 ml
distilled water and then 50 ml polyethylene glycol was
added to it. Similarly, 0.03 mol of sodium thiosulfate solu-
tion was prepared in 50 ml distilled water and then 50 ml
polyethylene glycol was added to it. Both the solutions
were sonicated for a period of 15 min. Solution of 3.58 g
of CTAB in 25 ml distilled water was added to copper chlo-
ride solution with continuous stirring at 45 °C for 15 min.
Now, sodium thiosulfate solution was added drop wise to
the solution mixture of copper chloride and CTAB with
continuous stirring at room temperature, over a period of
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45 min. After that the mixture was kept stirred over mag-
netic stirrer for 5—10 min. Then the mixture was refluxed
for 90 min and after being allowed to cool down to room
temperature it was filtered washed with absolute alcohol
and dried under ambient conditions.

2.3 Characterization

The powder X-ray diffraction pattern (XRD) were recorded
by using a Rigaku MiniFlex II desktop X-ray diffractometer
using Cu Ka radiation (1.54 A) with a step size of 2° per
minute. 20 ranges from 25 to 700. Morphological investiga-
tions were performed on a Field Emission Scanning Elec-
tron Microscope (FESEM), model NOVA NANOSEM-430
of COMFEI The optical property of the obtained samples
was studied using HACH DR-3900 UV-Vis spectropho-
tometer. The photoluminescence measurements were per-
formed using HITACHI F-7000 spectrophotometer.

2.4 Results and discussion

FESEM micrographs of synthesized samples are shown in
Fig. 1. As can be seen from Fig. 1 that samplel has nano-
particles like structure with average size being ~40 nm.
Interestingly, after the addition of Zn to the prepared sam-
ple the morphology of the sample remains same with again
average particle size of ~40 nm. Copper and Zinc has both
very close ionic radii that may be the reason for the reten-
tion of the similar morphology even after addition of Zn
to the prepared samples. Sample 3 whose synthesis pro-
cess involves the sodium thiosulphate as the sulphur source
consist of flower like structure with their petal’s thickness
of ~10 nm and average distance between two petals being
under 200 nm. Sample 4 where CTAB is involved along
with the Na,S,0; consists of nanoflakes, with thickness
~15 nm agglomerated randomly.

Figure 2 shows the XRD patterns of sample 1, 2, 3 and 4.
Diffraction pattern reveals that the synthesized samples are
polycrystalline in nature. It also confirmed the formation
of hexagonal covellite phase, which matches well with the
standard (JCPDS card no. 06-0464), having a=b=3.792 A
and c=16.34 A as lattice parameters [6, 7]. As sample 2 is
Zn doped CuS, i.e. Zn** replaces some of the Cu®* in the
lattice site, and the ionic radii of Cu?* and Zn>* is nearly
the same therefore only minor (negligible) shift in the peak
position has been observed; and as no other peaks corre-
sponding to ZnS or ZnO is found. It implies that Zn has
been successfully doped in CuS. XRD pattern reveals that
sample 3 and sample 4 are copper sulphide as most of the
major peaks are matched well to the standard JCPDS card
no. 06-0464 corresponds to hexagonal covellite phase with
lattice parameters a=b=23.792 A, c=16.34 A. However
both samples 3 and 4 contain Atacamite (copper chloride
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Fig. 1 FESEM images of Copper Sulfide nanoparticles (sample 1), Zn doped copper sulfide nanoparticles (sample 2), copper sulfide nanoflow-
ers (sample 3) and copper sulfide nanoflakes (sample 4) taken using model NOVA NANOSEM-430 of COMFEI

hydroxide) as a minor impurity phase. Efforts were made
to remove these impurities by heat treatment followed by
washing. XRD pattern of the sample 4, dried at a 45-55 °C,
confirmed that impurity can be removed by heat treatment
followed by washing. These results further support the fact
that the reaction medium has no great impact on the phase
of the obtained samples.

Figure 3 shows the absorbance vs wavelength obtained
for all four samples. Absorption spectra of Sample 1 con-
sist of two distinct broad features at ~450 nm and other in
near IR region. While, sample 2, sample 3 and sample 4
possess a broad absorption band only in the near-IR region.
These characteristic features are in agreement with the lit-
erature and can be attributed to the covellite (CuS). These
are because of interband transition from valence states
to unoccupied states. Figure 4 shows the bandgap plot of
(ahv)? vs E, (hv), Tauc’s plot, obtained by Tauc’s equation
given by.

ahv = K(hv — E,)'/?

where o = (2.303 x A)/t, is absorption coefficient, K is a
constant, h is Planck’s constant, v is frequency and E, is

energy band gap. Now, band gap was calculated by extrap-
olating the linear region of (ahv)® vs hv curve. Due to the
presence of broad features, except for Sample 1, sharp tran-
sitions were not used to calculate the band gap therefore the
maximum absorption position was used to determine the
band gaps of different samples. As can be seen from Fig. 4
that Sample 1 shows the band gap of 2.021 eV while for
sample 2, 3 and 4 very close band gap of 3.173, 3.136 and
3.211 eV obtained respectively. From these results it can be
concluded that the doping as well as the morphology of the
copper sulfide has significant impact on the band gap of the
material obtained [8]. Further, these band gap values were
in line with those reported in literature for synthesis of cop-
per sulphide nanoparticles by various methods 0.13-3.4 eV
[9, 10].

Because of its excellent photoconductive, photovoltaic
and rectifying response under illumination the photolu-
minescence (PL) property of CuS is of great importance.
PL spectra obtained for different samples at excitation
wavelength of 320 nm is shown in Fig. 5. All the samples
show two broad emission features, one major peak around
380—400 nm and another broad feature between 450 and
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Fig. 2 XRD patterns of copper
sulfide nanoparticles (sample

1), Zn doped copper sulfide
nanoparticles (sample 2), cop-
per sulfide nanoflowers (sample
3) and copper sulfide nanoflakes
(sample 4) recorded using Cu
Ka radiation (1.54 A) with
variation of 26 in the range of
25-70°

Fig. 3 UV-visible absorbance
spectra of copper sulfide nano-
particles (sample 1), Zn doped
copper sulfide nanoparticles
(sample 2), copper sulfide nano-
flowers (sample 3) and copper
sulfide nanoflakes (sample 4)
recorded using HACH DR-3900
UV-Vis spectrophotometer with
variation of wavelength from
250 to 950 nm
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Fig. 4 Tauc’s plot of copper 14
sulfide nanoparticles (sample
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Fig. 5 PL spectra of copper
sulfide nanoparticles (sample
1), Zn doped copper sulfide
nanoparticles (sample 2), cop-
per sulfide nanoflowers (sample
3) and copper sulfide nanoflakes
(sample 4) recorded using
HITACHI F-7000 spectropho-
tometer at excitation wavelength
of 320 nm
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480 nm. The characteristic emission features obtained for
the samples matches well with the literature report [11].
The solvents have been known to play important role
in the synthesis of the chalcogenides. Alcohols such as
ethylene gycol, polyethylene gycol, benzyl alcohol have
been known to act as reducing or stabilizing agent in
the formation of the copper sulphides. The above results
show that the reaction medium used in the present work
has no effect on the phase of the copper sulfides how-
ever it significantly affects the morphology. In synthe-
sis of Sample 1, the presence of ethylene glycol and the
CTAB results in the formation of well defined spherical
nanoparticles. On replacing the ethylene glycol with the
polyethylene glycol for Sample 4, nanoflakes like struc-
ture was obtained. This observation shows that the choice
of alcohol is leading to the change in the morphology.

500 550
Wavelength (nm)

600 650 700

Polyethylene glycol is known to have higher viscosity and
surface hydroxyl group compared to the ethylene glycol.
Nucleation and the self assembly of the nanoparticle will
occur at different rates in presence of solvents with dif-
ferent viscosity [12]. For Sample 1, the stablising effect
of ethylene glycol results in the formation of initial par-
ticles with spherical shape and much smaller in overall
size. While for Sample 4, in presence of poly ethylene
glycol, these nanoparticles aggregate and self assemble to
form plate like structure. On obivating the CTAB from
the reaction medium used for Sample 3, very well defined
flower like structure was obtained. This may be due to the
fact that presence only polyethylene glycol leads to bet-
ter stabilizing effect thereby leading to the more ordered
aggregation of nanoplates resulting in formation of flower
like morphology [13].

@ Springer



5602

J Mater Sci: Mater Electron (2017) 28:5597-5602

In conclusion, in the present work optimum reaction
conditions have been developed to form copper sulfide
(CuS) nanostructures with different morphology. Synthesis
has been done by facile wet chemical route using various
precursors. XRD pattern revealed the presence of covellite
phase. UV-visible and photoluminescence characteristics
are in well accordance to the results mentioned in literature.
FESEM micrographs show that samples of different shapes/
morphology including nearly spherical particles, nano-
flowers and nano-falkes were obtained. Different morphol-
ogy so obtained can be attributed to the proper solubility,
diffusivity and self assembly of the reactants under the
reaction medium used. The synthetic strategy developed in
present work will be a promising step in the development
of inorganic structures as well as functional devices.
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