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ABSTRACT
Pure and Cu-doped ZnS nanomaterials were successfully synthesized
at room temperature by the chemical co-precipitation method. X-ray
diffraction (XRD) pattern shows that the synthesized nanomaterials
have a cubic blended structure, and the size of crystallites is around
2–3 nm. These results were confirmed by transmission electron
microscopy (TEM), which matched well with the XRD results.
Scanning electron microscopy and TEM micrographs of ZnS nanoma-
terials were in spherical shaped nature. The chemical composition is
found in pure and doped ZnS nanomaterials using EDAX spectra.
UV-Vis spectra show the absorption peak between 310 and 320nm.
Photoluminescence studies reveal sharp emission peaks at 439, 450
and 466nm with decreasing intensity for pure and doped
nanomaterials.
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1. Introduction

Dilute magnetic semiconductors (DMSs) have been an active field of research due to
their novel properties that allow the control of both the spin and charge of carriers
[1], which can be used as effective platforms for biomedical imaging, drug delivery,
protein separation and MRI contrast imaging [2–5]. Zinc sulfide, a typical II–VI com-
pound semiconductor, with a direct band gap of 3.67 eV at room temperature and
40meV as exaction binding energy. It is a very good semiconductor material used in
displays, sensors and lasers [6–8]. Great progress had been achieved in realizing the
optical and magnetic properties simply by changing the doped ions in zinc sulfide
nanoparticles. Among these doped ions, ZnS: TM2þ (TM¼ transition metals) nano-
particles have been regarded as a promising new class of DMS with their superior
color-tunable emission and magnetic properties [9–11]. Upon excitation, the ZnS:
(Cu, Ni) co-doped nanoparticles show blue and green emissions centered at 460 and
520 nm [12]; the ZnS: Fe2þ and ZnS:Mn2þ Fe2þ nanomaterials show ferromagnetism
around room temperature [13, 14], co-doped ZnS quantum dots with their excellent
luminescent properties have potential applications in LEDs, plasma displays, sensors
and lasers [15]. Recently, Park et al. [16] have tried to apply the ZnS:Mn, Cu and Cl
phosphors for the EL device. Such phosphors have several excellent features, including
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spectral adjustable, high quantum efficiency and photostability. Since Cu is a non-
magnetic element, the 3d orbital in Cu (3d104s1) is fully filled and hence does not
contribute to the ferromagnetism. Moreover, its secondary phases, such as CuS display
antiferromagnetism, and Cu2S shows no magnetism due to the fully filled 3d orbitals
[17]. Up to now, the issue about the origin of the ferromagnetism properties of the
ZnS: (Cu, Ni) co-doped nanomaterials have been still blurry. In the past few years,
several techniques have been employed to synthesize the ZnS: Cu2þ nanoparticles,
such as precipitation, solvo thermal and thermal co-evaporation at high tempera-
ture [18–20].
In the present work, a simple soft chemical method, namely chemical co-precipitation

method for the synthesis of un-doped and PVP-encapsulated ZnS: Cu-doped nanopar-
ticles is presented. This method is adopted because it is a low cost, and the dopant con-
centration can be easily attained. Structural, compositional, morphological and optical
studies of the prepared samples are carried out by X-ray diffraction (XRD), energy dis-
persive X-ray spectroscopy (EDS), scanning electron microscopy (SEM), transition elec-
tron microscopy (TEM), HR-TEM, selected area electron diffraction (SAED), UV-visible
spectroscopy (UV-Vis), photoluminescence (PL).

2. Experimental

2.1. Synthesis of powders

Pure and Cu-doped Zinc sulfide nanopowders were synthesized with a chemical method
with zinc acetate, copper acetate tetra hydrate and sodium sulfide were used for pow-
ders preparation. [Zn (CH3COO)2. 2H2O] is dissolved in double-distilled water, and
then Na2S aqueous solution is also added to the above solution drop-by-drop under
constant magnetic stirring. After 3min, a white precipitate is formed. By adding of [Cu
(CH3COO)2. 4H2O] to the above precipitate with continuous magnetic stirring, Cu-
doped ZnS nanopowders were obtained. PVP capping agent is used to stabilize the ZnS
nanopowders. The precipitate is washed several times with doubled-distilled water and
filtered out. The precipitate is dried at 80 �C for 9 h, further characterization of
the samples.

2.2. Characterization

Synthesized nanoparticles are carefully characterized under mentioned characterization
studies. Powder XRD pattern is recorded with Bruker diffractometer between 10 and
90� range, using Cu Ka source of wavelength k¼ 1.53906 �Å. The UV–Vis diffusion
reflectance spectroscopy used to study optical properties and is in the wavelength range
of 200–3000 nm. Photoluminescence properties are carried out with FLS-980 spectrom-
eter. The chemical composition and surface morphology of pure and doped ZnS nano-
particles are investigated by EDAX and SEM. TEM and SAED are recorded on a
Technai G20-Stwin and HRTEM accelerating with a voltage of 250 kV.
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3. Results and discussions

3.1. Structural analysis

Structural properties of pure and doped ZnS nanopowders are studied with powder
XRD technique. Figure 1 shows arrays in peaks of ZnS nanopowders. The three most
favored orientations (1 1 1), (2 2 0) and (3 1 1) are detected from this figure, and those
peaks show cubic blende structure. These peaks are noticed with XRD shapes and
matched well with JCPDS Card No. (80-0020). The XRD array of ZnS nanopowder
shows the expansion of the peaks, which specifies the cubic structure of the samples.
Debye–Scherrer’s formulation is used to calculate the size of the particles [21].

D ¼ 0:91 k

bcosh

where D is the average particle size, k is the wavelength of Cu Ka radiation, b is the
full width at half maximum intensity of the diffraction peak, and h is the diffraction
angle for cubic ZnS. From the XRD calculations, the average size of nanoparticles is in
the range of 2–3 nm.

3.2. SEM-EDAX investigations

The spherical shape and morphology of pure and doped nanopowders are examined
with SEM. Figure 2 noticed that pure and doped ZnS powders are agglomerated and
appears to be nearly spherical in nature. SEM micrographs show the decrease of par-
ticles agglomeration with PVP capping agent. The elemental composition has been con-
firmed by EDAX. Figure 2 displays EDAX spectra of the pure and doped ZnS. This
investigation exposes the existence of S, Cu and Zn in prepared powders.

3.3. TEM, HRTEM and SAED analysis

The TEM analysis is also performed to confirm the nanocrystalline nature and to study
the morphology of pure and doped ZnS nanoparticles. So morphology and the shape of
pure and doped ZnS nanocrystalline powders were confirmed and approved by HR-

Figure 1. XRD images of (A) pure and (B) Cu-doped ZnS nanopowders.
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TEM and TEM analysis. SAED, HR-TEM and TEM imageries of Cu: ZnS are shown in
Fig. 3. In all the powder particles, the crystallites are isolated and spherical in nature.
From the SAED micrographs, it is observed that Cu: ZnS powders of whole concentra-
tions show cubic blended structure with Miller planes (111), (220) and (311). The pre-
sences of any secondary phase of Cu collections have not been detected in the XRD and
TEM images.

3.4. Photoluminescence analysis

The photoluminescence (PL) spectroscopy is one of the most important tools to investi-
gate the physical properties of ZnS nanoparticles, and the spectra depend upon synthe-
sis conditions, shape, size and energetic position of the surface states [22–24]. From
Fig. 4, it can be seen that the 466 nm intensity peak for pure ZnS is associated with nat-
ural defects like sulfur vacancy. Additional defect peaks appear in ZnS nanopowders by
Cu doping. The PL spectra show sharp emission peaks between 400 and 520 nm. It is in
good agreement with previous reports for Cu-doped ZnS nanopowders [25–28]. The
emission peaks are observed in the blue region, at 466 [29], 480 [30] and 490 nm
[26–28], increases from the recombination among narrow donor level and t2 level of
Cu2þ ions [30]. By increasing Cu concentration, the green peaks have systematically
moved to longer wavelengths side [31]. Xu [32] observed the PL studies in Cu-doped
zinc sulfide nanopowders and perceived green and blue emissions at 519 and 467 nm.
Green emission peak is observed by Huang et al. [33] and Sun et al. [34] at 520 nm in

Figure 2. SEM and EDAX images of pure and Cu-doped ZnS nanopowders.
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Cu-doped ZnS nanopowders. Chestnoy et al. [35] similarly observed emission peaks in
uv-visible region by Cu-doping into ZnS nanopowders.

3.5. Optical absorption

Figure 5 shows UV-Visible absorption spectra, which investigates the impurity defects
in pure and doped Zinc sulfide nanopowders. The optical absorption peak is centered

Figure 3. TEM, HR-TEM and SEAD images of pure and Cu-doped ZnS nanopowders.
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at 310�320 nm for pure and doped samples. As particle size decreases, blue-shifting is
observed in doped Zns, and it shows a small change in position with increasing concen-
tration. In pure and Cu-doped samples, absorption peaks are considerably blue-shifted
from ZnS with decreasing particles size in nanometers scale and is the quantum
effect [36].

4. Conclusion

Pure and Cu-doped ZnS nanoparticles were synthesized using the chemical co-precipita-
tion method. From XRD studies, the synthesized nanopowders show a cubic blended
structure. Shape and chemical compositions of all synthesized samples are examined by
SEM and EDAX images. Pure and doped nanopowders show UV-optical absorption at

Figure 4. Photoluminescence images of (A) pure and (B) Cu-doped ZnS nanopowders.

Figure 5. Luminescence Absorption spectra of pure and Cu-doped ZnS nanopowders.
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310–320 nm. PL studies show emission peaks are in the visible region. The TEM images
show that the shape of pure and doped ZnS nanopowders is spherical in nature.
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