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Abstract. Undoped and CeCl2-doped ZnS 
nanomaterials were prepared at room temperature by a 
chemical synthesis method. X-ray diffraction analysis 
confirms a cubic crystal structure of zinc and the 
estimated size of the nanocrystals is in the range of 2-3 
nm on average. Scanning electron microscopy 
observation shows a non-homogeneous structure due to 
the agglomeration of the nanomaterial. The 
characterization of PL indicates the high intensity of 
luminescence in the doped nanoparticles, so the 
application of this new nanomaterial in the medical and 
optoelectronic areas is possible. 
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1 Introduction 

Nanostructured materials, such as nanoparticles, 
are considered to be less than 100 nm in size, so 
they have very different physical and chemical 
properties at their natural or raw scale. Its 
properties are determined by the crystallographic 
structure of the nanoparticle surface, its size, and 
its shape. Semiconductor nanoparticles have 
electrical, magnetic, and optical properties due to 
quantum confinement, so they can be used in 
various applications such as luminescent 
materials, optoelectronic devices (lasers) [1], 
sensors, plasma television screens, light-emitting 
diodes white (LED) [2], fluorescent lamps [3] 

biosensors among others. As luminescent 
nanoparticles, they can be highly fluorescent when 
excited by ultraviolet light, so they can be used as 
an alternative for organic and inorganic staining. 

In applications associated with luminescence, a 
high luminescence efficiency is usually required, 
which can be modified by the presence of 
impurifiers, by an active ion dispersed in the crystal 
structure of the matrix or by the type of crystal 
structure itself [4]. 

There are several compounds that are used as 
a matrix to obtain luminescent materials and that 
can be inpurified with oxides, phosphates, fluorides 
or lanthanides. Zinc sulfide (ZnS) is a 
semiconductor used commercially as a 
photoluminescent and especially if it is doped [5-  6].  

It has been investigated that the lanthanides or 
rare earths used as dopants for semiconductor 
nanoparticles, in addition to being luminescent 
compounds, reduce their environmental impact, 
are biocompatible, and have less toxicity and 
greater chemical and thermal stability [7-11]. 

Lanthanides have properties that allow tuning 
the optical properties of semiconductor materials.  

An important feature of these materials is their 
narrow emission bandgap, which represents a 
great advantage for their use in flat panel displays, 
medical labeling, disease detection, and imaging 
[12], as well as in fluorescent probes and can be 
used in vivo, and in vitro [13]. 
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Quantum confinement in semiconductor 
nanomaterials is important because it creates new 
optical, electrical, and mechanical properties of the 
materials. Therefore, the size and shape of the 
particles [14] have a dramatic effect on the density 
of electronic states and thus on the 
optical response. 

In this work, we present a nanoprecipitation 
method for the synthesis of undoped and CeCl2 
doped ZnS nanoparticles, to observe their optical 
properties, where nanoparticles or quantum dots 
with sizes around 10 nm can emit red and smaller 
sizes emit red. in orange, yellow, and green [15]. 

2 Materials and Methods 

2.1 Synthesis 

The synthesis method used to obtain metallic 
nanoparticles is based on nanoprecipitation 
reactions, which are carried out through controlled 
release processes of precipitating cations or 
anions at moderate temperatures. It is a simple 
and low-cost colloidal method of processing [16]. 

2.1.1 ZnS Nanoparticles 

The nanoparticles were developed by a colloidal 
method and chemical precipitation [16] using zinc 
chloride (ZnCl2) and sodium sulfide (Na2S), 
purchased from Sigma Aldrich, as initiators. 0.039 
ZnCl2 was dissolved in 50 mL of deionized water 
and the solution was magnetically stirred for 20 min 
at room temperature (RT). Subsequently, 1.22 g of 
Na2S were dissolved in 72 ml of distilled water and 
stirred magnetically for 20 minutes at room 
temperature.  

The resulting solution was added dropwise to 
the previously prepared solution. A solution of 0.5 
g of PEG in 10 mL of deionized water was 
prepared, as a passivating agent and added to the 
ZnS solution until complete dissolution 
was  achieved. 

2.1.2 Doped ZnS Nanoparticles 

Using zinc chloride (ZnCl2) and sodium sulfide 
(Na2S) as initiators and CeCl3 as a doping agent. 
A solution of 0.7039 g of ZnCl2 and 1% w/v CeCl3 
was dissolved in 50 ml of deionized water and the 
solution was stirred magnetically for 20 min at 

room temperature. Separately, 1.22 g of Na2S was 
dissolved in 72 ml of distilled water, and the 
solution was magnetically stirred for 20 minutes at 
room temperature. The resulting solution was 
added dropwise, to the previously prepared 
solution. 0.5 g of PEG solution was added as a 
passivating agent to obtain the precipitate 
(Figure 1) 

2.1.3 Dispersion and Filtration 

The solution was subjected to ultrasonic dispersion 
at 45 kHz for 30 min (TI-H-5, Elma, Germany) and 
then filtered using 0.22 µm Millipore membrane 
filters. 

In this type of synthesis, the nanoparticles are 
dispersed within a dispersing medium (water). 
They are prepared from colloidal solutions of 
nanoparticles with a surfactant coating that 
controls the surface energy by intermolecular 
forces to prevent their aggregation and increase 
their size and shape and modify their optical 
luminescence properties [17]. 

2.1.4 Centrifugation and Washes 

The resulting precipitate from each sample was 
centrifuged and washed [18]. 

2.1.5 Drying of the Nanomaterial 

The precipitate was dried at 60 °C for 6 h to remove 
any organic residue, water, and other by-products 
formed that might evaporate at this temperature. 

After drying, the precipitate was crushed with 
an agate mortar to obtain a fine semiconducting 
nanoparticle powder. 

 

Fig. 1. Synthesis of doped semiconductor 
nanoparticles 
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2.2 Characterization of Nanoparticles   

2.2.1 X- Ray Diffraction Pattern (XRD) 

The synthesized nanoparticle samples were 
examined by X-ray diffraction (XRD), Bruker-AXS, 
model D8-advance coupled to a 1.5406 A° copper 
anode X-ray tube, using a diffracted beam 
monochromator to select the radiation. Kα, to 
analyze the crystalline structure of the 
nanomaterial and estimate the size of the crystal. 
The diffractogram obtained shows a series of 
maxima called diffraction patterns, which 
correspond to the constructive interference of 
waves elastically scattered by the atomic planes of 
the crystal [19]. 

The position and intensity of these peaks 
provide information about the crystal structure. To 
determine the average size of the crystals in the 
analyzed sample, the Debye-Scherrer equation 
was used considering the main diffraction peak in 
the (111) plane, the broadening of the maximum 
diffraction peak defines the size of the crystal. 

2.2.2. Scanning Electron Microscopy (SEM) 

Through the technique of scanning electron 
microscopy or SEM (JEM-6390 LV Scanning 
Electron Microscope, Jeol, Japan) and energy-
dispersive X-ray spectroscopy (EDS), the 
microstructure of the nanoparticles and the 
redistribution of elements in the sample 
were  determined. 

2.2.3. Optical Properties 

The excitation and emission wavelengths 
depending on the size and shape of the 
nanoparticles, as well as the synthesis conditions, 
were considered [20]. The optical properties were 
characterized by employing a spectrofluorimeter 
(Edinburgh Instruments FS5, United Kingdom). 
and country). To determine the intensity of the 
photoluminescence of the granules of the 
nanomaterial, and obtain the excitation and 
emission PL spectra of the nanoparticles. 

3 Results 

3.1 X- ray Diffraction Analysis 

The diffractograms of the samples were obtained 
in the three main peaks, corresponding to the 
peaks that are assigned to the planes (111), (220), 
and (311) of the cubic phase of ZnS, which is 
observed in Figure 2. Small shifts were observed 
in the peaks of the diffraction pattern of the doped 
sample, so it can be thought that there is a good 
integration of the doping material in the parameters 
of the lattice due to the concentration of CeCl3.   

Using the Debye-Scherrer equation (1), 
information on the average size of the synthesized 
nanoparticles and their internal structure was 
obtained [20]: 

τ=
୩ ஛

ஒ େ୭ୱ஘
. (1) 

where τ gives the average diameter of the 
nanocrystals in the direction perpendicular to the 
related planes. The values of the total width at half 
of the main peak maximum (FWHM) of the 
undoped and doped samples and the estimated 
values of the nanoparticle size are presented in 
Table 1. 

3.2 SEM Analysis 

In the SEM micrographs, the morphology of the 
pure and doped ZnS nanoparticles was verified, 
being found to be very similar. A homogeneous 
surface could be expected, however, the surface 
may have defects due to the crystal growth 
process or due to agglomeration presenting an 

 

Fig. 2. XRD patterns of ZnS and Ce+3 doped ZnS 
nanoparticles 
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inhomogeneous surface. SEM micrographs show, 
that quasi-spherical nanoparticles with sizes less 
than 100 nm can be observed (Figure 3). 

3.3 Photoluminescence Studies 

The photoluminescence spectra of pure and doped 
nanoparticles are presented. The excitation 
wavelength is 330 nm and the emission 
wavelength in the blue is 368 nm for the pure 
nanoparticles as shown in figure 4 (a) y (b).  

It can be observed that for Ce+3 doped 
nanoparticles there is a shift in the wavelength 
towards blue at 447 nm and with 2 times more 
luminescence intensity than pure nanoparticles. 

4 Conclusions 

Undoped and Cerium-doped ZnS nanoparticles 
were successfully synthesized using a precipitation 
reaction that requires a relatively short time for its 
reaction and was carried out at RT, obtaining 
nanoparticles with sizes between 2-100 nm. It was 
observed that the size of the nanoparticles 
depends on the passivating or stabilizing agent, so 
these sizes can be changed by modifying the 
concentration of the passivating agent and the 
concentrations in the precursors.  

The ZnS nanoparticles present a cubic 
structure as observed in the X-ray diffraction 
patterns. The resulting sizes after applying the 
Debye-Scherrer equation are 2.25 nm and 2.98 nm 
for the doped material. 

The PL analysis shows an emission with a 
wavelength of 368 nm for the undoped 
nanoparticles applying UV light and under an 
excitation spectrum of 330 nm, while for the doped 
nanoparticles the light emission was presented 
with a shift at 433 nm under an excitation spectrum 
of the same wavelength.  

This favors their potential application of the 
doped nanoparticles in optoelectronic devices and 
for their possible use in imaging for disease 
detection. Lanthanide ion doped nanoparticles 
have higher luminescence intensity almost twice 
as much as undoped nanoparticles. From the 
analysis of the quantum confinement effect in the 
literature it is known that it is the nanoparticles 

Table 1. FWHM values and estimated size of the 
synthesized nanoparticles 

Nanoparticles           FWHM  Size (nm)   

ZnS 0.06981 2.25 

ZnS:Ce 0.05270 2.98 

 

Fig. 3. SEM micrograph of the nanomaterial 

 

 

Fig. 4. (a) Excitation spectra at 330 nm and (b) Emission 
spectra at 368 nm of ZnS nanoparticles 
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smaller than 10 nm that meet the characteristics of 
intense light emission and long decay time. 

Acknowledgments  

The authors are grateful for the support provided 
by the Instituto Politécnico Nacional under the 
project “Study of the Luminescent Properties of 
Semiconductor Nanoparticles Based on Rare 
Earths” to carry out this research.  

References 

1. Henderson, B., Imbusch, G. T. (1989). 
Optical spectroscopy of inorganic solids. 
Clarendon Press, Oxford.  

2. Ye, S., Xiao, F., Pan, Y. X., Ma, Y. Y., Zhang, 
Q. Y. (2010). Phosphors in phosphor-
converted white light-emitting diodes: Recent 
advances in materials, techniques and 
properties. Materials Science and 
Engineering: R: Reports. Vol. 71, pp. 1–34.  

3. Terna, A. D., Elemike, E. E., Mbonu, J. I., 
Osafile, O. E., Ezeani, R. O. (2021). The 
future of semiconductors nanoparticles: 
Synthesis, properties and applications. 
Materials Science and Engineering: B, 272, 
115363.  

4. Vo-Dinh, T. (2003). Biomedical photonics 
handbook. Second Edition, III Volume Set, 
CRC Press, Taylor & Francis, USA.  

5. Iranmanesh, P., Saeednia, S., Nourzpoor, 
M. (2015). Characterization of ZnS 
nanoparticles synthesized by co-precipitation 
method. Chin. Phys. B, Vol. 24, No. 4, 046104. 

6. Sharma, R. K., Mudring, A. V., Ghosh, P. 
(2017). Recent trends in binary and ternary 
rare-earth fluoride nanophosphors: How 
structural and physical properties influence 
optical behavior. Journal of Luminescence, 
Vol. 189, pp. 44–63. 

7. Wang, M., Abbinenib, G., Clevenger, A., 
Mao, C., Xu, S. (2011). Upconversion 
nanoparticles: synthesis, surface modification, 
and biological applications. Nanomedicine, 
Vol. 7, No. 6, pp. 710–729.  

8. Voncken, J. H. L. (2016). The rare earth 
elements: An Introduction. Springer, pp. 106.  

9. Hardman, R. A. (2006). Toxicologic review of 
quantum dots: Toxicity depends on 
physicochemical and environmental factors. 
Environmental Health Perspectives, Vol. 114, 
No. 2, pp. 165–172. 

10. Auffan, M., Rose, J., Bottero, J. Y., Lowry, 
G. V., Jolivet, J. P., Wiesner, M. R. (2009). 
Towards a definition of inorganic nanoparticles 
from an environmental, health and safety 
perspective. Nature Nanotechnology, Vol. 4, 
No. 10, pp. 634–641.  

11. Shen, J., Sun, L. D, Yan, C. H. (2008). 
Luminescent rare earth nanomaterials for 
bioprobe applications. Dalton Transactions, 
Vol. 42, No. 9226, pp. 5687–5697.  

12. Harish, G. S., Sreedhara, R. P., Yan, C. H. 
(2015). Synthesis and characterization of Ce, 
Cu co-doped ZnS nanoparticles. Physica B, 
Vol. 473, pp. 48–53. 

13. Parak, W.J; Gerion, D., Pellegrino, T., 
Zanchet, D., Micheel, C., Williams, S. C., 
Boudreau, R., LeGros, M. A., Larabell, C. A. 
Alivisatos, A. P. (2003). Biological 
applications of colloidal nanocrystals. 
Nanotechnology 14, R15-R27.  

14. Jeevanandam, J., Barhoum, A., Chan, Y. S., 
Dufresne, A., Danquah, M. K. (2018). Review 
on nanoparticles and nanostructured 

 
Fig. 5. Emission spectrum at 433 nm of ZnS 
nanoparticles doped with Ce+3 

Computación y Sistemas, Vol. 26, No. 3, 2022, pp. 1137–1142
doi: 10.13053/CyS-26-3-4148

Luminescence Properties of Nanomaterials 1141

ISSN 2007-9737



materials: History, sources, toxicity and 
regulations. Beilstein J. Nanotechnology, Vol. 
9, pp. 1050–1074. 

15. Onyia, A. I., Ikeri, H. I., Nwobodo, A. N. 
(2018). Theoretical study of the quantum 
confinement effects on quantum dots using 
particle in a box model. Journal of Ovonic 
Research, Vol. 14, No. 1, pp. 49–54. 

16. Hedayati, K., Zendehnam, A., Hassanpour, 
F. (2016). Fabrication and characterization of 
zinc sulfide nanoparticles and nanocomposites 
prepared via a simple chemical precipitation 
method. J. Nanostruct, Vol. 6, No. 3, pp. 207–
212. 

17. Guerrini, L., Alvarez, R. A., Pazos, N. (2018). 
Surface modifications of nanoparticles for 
stability in biological fluids. Materials, Vol. 11, 
pp. 1154. 

18. Uekawa, N., Matsumoto, T., Kojima, T., 
Shiba, F., Kakegawa, K. (2010). Synthesis of 
stable sol of ZnS nanoparticles by heating the 
mixture of ZnS precipitate and ethylene glycol. 
Colloids and Surfaces A: Physicochem. Eng. 
Aspects, Vol. 361, pp. 132–137. 

19. Giannini, C., Ladisa, M., Altamura, D., Siliqi, 
D., Silbano, T., De Caro, L. (2016). X-ray 
diffraction: A powerful technique for the 
multiple-length-scale structural analysis of 
nanomaterials. Crystals, 6, 87. 

20. Hu, Y., Wei, Z., Wu, B. (2018). 
Photoluminescence of ZnS:Mn quantum dot 
by hydrothermal method, AIP Advances Vol. 8, 
pp. 015014. 

Article received on 14/10/2021; accepted on 01/12/2022. 
Corresponding author is Eduardo San Martin-Martinez. 

 
 

Computación y Sistemas, Vol. 26, No. 3, 2022, pp. 1137–1142
doi: 10.13053/CyS-26-3-4148

María Elena Aguilar Jáuregui, Cuauhtémoc Peredo Macías, Sandra Dinora Orantes Jiménez, et al.1142

ISSN 2007-9737


