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New synthesis of quantum dots copper sulfide using the UV-irradiation technique
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The article describes a new method for synthesizing quantum dots copper sulfide (CuS
QDs) based on the UV-irradiation technique (photolysis method). Our process allows
producing high-quality, small-size, very low cost and short time. The crystal structure of
CuS QDs was characterized using X-ray diffraction (XRD) ,which confirmed the
synthesized sample's hexagonal shape. The structure of the manufactured product was
examined using energy-dispersive X-ray spectroscopy (EDX), and the result revealed just
copper (Cu) and sulfide (S) elements, indicating that the synthetic material was pure. The
morphology, optical properties, and particle size were investigated by photoluminescence
spectroscopy (PL), scanning electron microscope (SEM), and transmission electron
spectroscopy (TEM). The particles sizes of the CuS QDs were found to be range between
5.4 t0 9.1 nm. Finally, this method successfully synthesized CuS QDs through the results.
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1. Introduction

Copper sulfide, whose chemical symbol is CuS, is a semiconductor with a high optical
coefficient [1]. CuS is frequently employed in photothermal conversion [2-4], photocatalysis [5,6],
and medicinal fields [7-9] due to its good physical and chemical properties. In addition, CuS
nanomaterial offers many antimicrobial applications. CuS nanomaterial has antibacterial properties
due to the following factors: (a) nano CuS can release Cu** in bacterial fluid with antibiotic
properties [10], (b) CuS can convert near-infrared (N-IR) light into thermal energy due to the
transition d—d band of Cu** [11], and (c) Cu$S nano - materials emit reactive oxygen species (ROS)
when illuminated. As a result, our research focus has shifted to improving the three capacities
while also improving the antibacterial properties of materials. The absorption limit of a single
semiconductor material is frequently narrow [12], restricting its use in antimicrobial, hydrogen
evolution, and degradation. As a result, various materials have been employed to construct
nanomaterials to improve semiconductor materials' photocatalytic activity. Two-dimensional
graphene [13,14] and MXenes materials [15-17] with "thin, wide, light, and strong" features are
recommended for nanomaterials construction because they have a large aspect ratio, adjustable
electrical characteristics, and necessary functional groups [18]. MXenes have a high conductivity
as well [19]. MXenes can thus be used as carrier materials in the self-assembly of nanostructures
[20,21] and can enhance semiconductor photocatalytic performance. Due to its superior
performance has been used in various fields, including energy storage materials [22,23] and
photoelectric fields [24,25]. Furthermore, MXenes are an effective photocatalytic material [26,27].
Cus is available in a variety of crystalline phases, including CuS (covellite), Cu2S (chalcocite),
Cu;S4-CusS (hexagonal plates), Cu9S5 (digenite octahedron), and Cul.75S (anilite) [28], making it
a suitable semiconductor for biosensors [29] and gas sensors [30]. Copper sulfide is
environmentally acceptable, inexpensive, non-toxic, easy to regenerate, biocompatible, and
chemically stable, all of which contribute to its efficacy in eliminating dyes from wastewater

" Corresponding author: ahmed.rheima@gmail.com
https://doi.org/10.15251/CL.2022.195.363


https://chalcogen.ro/index.php/journals/chalcogenide-letters
https://chalcogen.ro/index.php/journals/chalcogenide-letters/11-cl/571-volume-19-number-5-may-2022
https://doi.org/10.15251/CL.2022.195.363

364

[28,31,32]. The synthetic processes utilized to make CuS nanoparticles, such as hydrothermal, sol-
gel, microemulsion, microwave, sonochemical, electrospinning, and single-source precursors,
impact these properties [33-40]. It has been observed that employing a single-source precursor to
make CuS nanoparticles produces high-quality nanoparticles due to the metal-sulfur relationship in
the precursors [41,42]. This study produced the CuS QDs by a simple, low-cost, and convenient
photocell-irradiated method, a straightforward and promising approach for our future.

2. Materials and methods

Copper acetate a [Cu (CH3COQ) ,. H,0], sodium sulfate (Na,S), urea (NH,CONH,) were
obtained from Sigma-Aldrich. All the solutions were prepared in deionized water.

2.1. New Synthesis of Quantum dots Copper sulfide (QDs CuS)

QDs CuS was synthesized by a photolysis method [43,44]. The photo-cell comprises a 125
Watt of UV source (A max of 365 nm) and an ice bath-cooled pyrex tube that prevents
temperature rise caused by UV radiation (Figure 1). In a typical experimental procedure, copper
acetate (0.01 mole, 1.95 gm) was dissolved in 100 ml of de-ionized water with a magnetically
stirred. Then, 50 ml, 0.02 mole of urea was slowly added (drop by drop) to the copper solution
and stirred for %2 h. the mixture solution was irradiated in a photocell for 30 minutes. Then, 50ml
of 0.01 mole sodium sulfate was added slowly to the solution. A black powder was precipitated
and washed several times using de-ionized water. The final material dried at room temperature to
obtain a black powder CuS sample.
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Fig. 1. photo-cell of Synthesis QDs Cus.

2.2. Characterization of QDs CuS

Several devices determined QDs CuS powder, X-ray diffraction powder (XRD) was
achieved using (Model D-5000) with a A of 0.154 nm. Field emission scanning electron
microscope (FE-SEM) model Jeol JSM-6010LV was used to determine the morphology and
topography of the prepared sample. Transmission electron microscopy (TEM) type JEOL JEM-
2100 was used to investigate the shape and size of QDs CuS powder. Photoluminescence
measurements (PL) emission measured was used to determine the optical properties of QDs CusS.

3. Results and Discussion

XRD analysis was used to determine the crystal structure of the produced sample. Figure 2
shows the XRD pattern of the Copper sulfide powder, with peaks at 26= 29.2, 31.8, 32.7, 48.0,
52.7, and 59.2 attributed to hexagonal CuS crystal facets (102), (103), (006), (110), (108), and
(116) [45]. The measured peaks, which lacked any confusing peaks, were closely matched with the
Copper sulfide in phase CuS according to the standard JCPDS card (No. 06-0464), indicating that
the CuS product has only one phase. The Debye-Scherrer formula was used to estimate the crystal
structure of QDs CusS [43,44]:
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where D= crystal size, K = 0.9 (Scherrer constant ), A = 0.154 nm ( wavelength of Cu-K
radiations), g is the complete width at half maximum, and theta (0) is the angle calculated from
two values matching to the XRD pattern. The crystallite size was 9.14 nm.
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Fig. 2. XRD pattern of QDs Cus.

The EDX technigue was used to determine the chemical composition of CuS. Figure 3
shows the resulting spectrum, demonstrating that only Cu and S were present. The percentage
amount of Cu and S was shown in the inner table. The two elements' molar ratio was determined
to be 1:1, consistent with the theoretical CusS ratio. The discovery confirmed that the CuS crystal
phase was present in the sample produced.
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Fig. 3. EDX spectrum of QDs Cus.

The corresponding EDS elemental mapping pictures of Cu and S with a 1:1 ratio are
shown in Figure 4. The Cu and S components can be seen uniformly scattered on the sample's
surface, supporting the catalyst elements' dispersion.
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Fig. 4. EDX elemental mapping images of Cu and S elements.

TEM images studied the shape and size of the CuS sample (Figure 5). This TEM image
absence of aggregates due to the presence of urea as a surfactant and the efficiency of the
photolysis method. Interestingly, the CuS sample contains uniform quantum dots (QDs) with
narrow particle size ranges that are well-dispersed (5.4 to 9.1 nm). The hexagonal shape is
apparent in the images. This was very similar to the XRD result.
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Fig. 5. TEM image of QDs CusS.

The surface shape and particle size of the CuS QDs produced were examined using
FESEM experiments. Figure 6 shows the typical FESEM for this sample. The micrographs show
that the samples have a good crystalline structure, as evidenced by the prominent display of lattice
fringes. The QDs were well dispersed, spherical, and monodisperse (zero-dimensional) without
aggregation (all dimensions are less than 100 nm). The FESEM test demonstrates that the QDs
have a spherical morphology. A TEM examination was conducted to record TEM images of
samples to understand the particle size of QDs better.
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Fig. 6. SEM images of QDs Cus.

The charge carrier dynamics of QDs CuS were investigated using the photoluminescence
(PL) quenching spectra. CuS QDs contain two peaks in their PL spectra, at 353 and 728 nm
(Figure 7). They recombine the sulfur-vacancy-related donor and the valence band peaks at 353
nm. The CusS trap state emission, related to copper's origin vacancy, is responsible for the emission
peak of 728 nm. Meanwhile, CuS has a lower PL intensity than other samples in the literature [46],
preventing light-excited charges from recombinating and speeding up transport. The spectra show
blue peaks that are notably different from those found in bulk samples, indicating a quantum size
effect. The quantum dots exhibit quantum-confined effects and size-tuned optical properties due to
this property. The lifetime of photo-generated electrons is increased. CuS can efficiently minimize
photo-excited charge carrier recombination, according to PL experiments [47].
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Fig. 7. PL spectrum of QDs CusS.
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4. Conclusion

In conclusion, quantum dots CuS has been successfully synthesized by photolysis method
(UV-Irradiation method), which is considered a novelty. XRD patterns confirmed the production
of covellite with hexagonal phases in structures. SEM and TEM studies demonstrated less
polydispersity for particles with a diameter of 5.4 to 9.1 nm. CuS QDs PL curves show a large
absorption band on the visible region between 353 and 728 nm, which has a higher intensity in the
sample. These findings indicate that the quantum dots created could be helpful in various
applications, including buffer layers for solar cells, catalysts, sensors, biological labeling, and
optical materials.
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