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SYNTHESIS AND CHARACTERIZATION OF WATER-SOLUBLE ZnS: Mn**
NANOCRYSTALS
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Mn*" - doped ZnS nanoparticles were synthesized by a chemical precipitation method at
air atmosphere. The synthesis of water-soluble Mn®'- doped ZnS nanocrystals with EDTA
as a stabilizer was described. From the peak broadening of the X-ray diffraction, the
particle size is found to be 4.5 nm when EDTA was not used as a stabilizer and size is
reduced to 3.6 nm with EDTA. The particle size and properties are studied using SEM and
photoluminescence. The emission peak of the sample corresponding to photoluminescence
is observed at 591 nm.
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1. Introduction

During the past 20 years, nano materials have been widely studied in everywhere [1-
2].Now-a-days the nanostructure materials are of major significant and their technology of
production are used rapidly into a powerful industry. These potential applications are resulting
from quantum size confinement. The optical properties of nanocrystalline semiconductors have
been studied extensively in recent years. Especially, ZnS is a direct-transition semiconductor with
the widest energy band gap among the group II-VI compound materials. The most striking feature
of ZnS nanocrystallites is that their chemical and physical properties differ dramatically from those
of the bulk solids. It has also attracted much attention owing to its wide applications including
UV- light emitting diodes, efficient phosphor in flat-panel displays, photovoltaic devices etc
[3].Warad et al.[4] reported that ZnS doped with Mn*’has potential application in the field
emission devices(FED). ZnS: Mn*" nanoparticles have received much attention, since these used
are phosphors and also in thin film electroluminescent devices [5-9]. Pure nano-sized ZnS particles
show emission at 420-450 nm. In order to obtain different emission in the visible region ZnS
nanoparticles can be doped with transition and rare-earth metals such as Ccu*, Mn**, Ni%, cd*,
Co**, Eu*, Sm’" Tb’" ,and Er’". ZnS doped with Mn*" nano materials are having high quantum
efficiency and luminescence intensity [10]. The band structure of the semiconductor changes with
decreasing in particle size. Hence, the present study is aimed to synthesize nanoparticles of ZnS
doped with Mn®" and to characterize by optical studies.

2. Experimental

Mn*" -doped ZnS nanoparticles were prepared by chemical co-precipitation method in air
atmosphere. All chemicals used were of AR grade. Freshly prepared aqueous solutions of the
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chemicals were used to synthesized of the nanoparticles using Zn (CH;COO), .2H,0, Mn
(CH5COQ), .4H,0, Na,S.9H,0 as starting materials. 50 ml of 1M Zinc acetate, 10 ml of 0.1M
solution of manganese acetate and 50 ml of 1M solution of sodium sulphide were mixed using
magnetic stirrer at 80 °C. Then 50 ml of ethanol was also added during stirring. Then 1 gram of 10
ml EDTA was added drop by drop and the process was continued for two hours. The role of
EDTA is to stabilize the particles against aggregation, which may lead to decrease the size of
particles. After 2 hours, the solution was cooled at room temperature. The precipitate was
separated from the mixture at several times using distilled water and alcohol to remove the
impurities, including traces of EDTA and the original reactants, if any. Finally the wet precipitate
was dried in hot air oven.

X-ray diffraction (XRD) analysis of the samples were carried out on a XPERT-PRO
diffractometer system operating at 40 kV and a current of 30 mA with CuK,, radiation (A=1.54060
A). SEM images of the particles were obtained using HITACHI S-3400 electron microscope with
20 Kv and elemental analysis were done using EDX attachment. The Photoluminescence
measurements were carried out using a Jobin Yvon-Spex Spectro-fluorometer (Fluorog version-3;
Model FL3-11). Xenon arc lamp was used as a excitation source and the detector (PM tube
R928P) has a flat response from 240-1000 nm.

3. Results and discussion

The XRD patterns of the Mn>" doped ZnS particles are shown in Figure.1 (with and
without EDTA). The obtained results are very well matched with the standard cubic ZnS [11]. The
peak broadening in the XRD pattern clearly indicates that small nanocrystals are present in the
samples.
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Fig..1.XRD Pattern of Mn** -doped ZnS nanoparticles.

From the value of FWHM, the mean crystalline sizes were calculated using Scherer’s
equation D = 9\/B cos6, where A is the X-ray wavelength (for Cu k, radiation, A=1.54060 A) and 0
is the diffraction angle. The calculated mean crystal size is 4.5 nm for the material without EDTA
and 3.6 nm with EDTA. To confirm these sizes, SEM microphotographs were taken and shown in
figures 2a, 2b, 2¢ and 2d.The obtained results show the size of particles. The addition of EDTA
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shows well dispersed images. The results are almost coincides with values obtained through XRD.
Figure 3 shows the elemental concentration of sample.
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Fig. 2 (a,b)&(c,d) Show SEM image of with and without EDTA of Mn?* doped ZnS nano particles.
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Fig. 3 Shows EDX spectrum of Mn®* doped ZnS nanocrystals.

The PL measurements were carried out for the same samples. Fig. 4 shows emission and
excitation spectrum of the doped nanocrystal. The excitation exhibits a dramatic blue shift with
respect to the size of the particles which enlarges the energy gap and enhances the excitation
energy. The same blue shift was reported by many authors [12-17]. According to Rossetti et al.
[18], the blue shifting is due to the increasing in the energy band gap. This may be attributed to
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quantum confinement effect. The emission was observed at 591 nm. This is consistent with the
emission of Mn”" in ZnS nanoparticles reported in literature [13, 19]. As suggested by Bargava et
al. [13], this emission is attributed to the *T; - °A; transition of Mn*".According to Sookal et al.
[20], the Mn®" ions are distributed outside the ZnS nanocrystals. The PL is totally different from
that of Mn®" which is incorporated within the nanocrystals. Ge et al. [21] studied the same material
doped with different concentrations of Mn>". They observed the optimum concentration level of
Mn*", to get the maximum intensity. With reference to this, the present study is focused on this
material.
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Fig. 4. PL excitation and emission spectra of with EDTA (dashed curve), without EDTA
(solid curve) of ZnS: Mn®* nanoparticles.

Su et al. [22] observed the excitation of 342 nm for ZnS: Mn”" as a bulk material and at
310 nm for nanoparticles (3.5 nm) by chemical method. This indicated 32 nm of blue shift. The
similar results were arrived for the present study. However, the addition of EDTA shows the blue
shift around 25 nm (from 340 to 316) indicating the reduction of particle size from 4.5 nm to 3.6
nm.

4. Conclusion

Mn*" doped ZnS nanoparticles have been synthesized by chemical method in air
atmosphere with EDTA as a stabilizer and the emission was obtained at 591 nm through PL study.
The particles size was controlled by the EDTA. The obtained nanoparticles are in the cubic zinc
blended structure and the average sizes were determined using Debye Scherer formula. The results
observed through SEM agree with those from XRD measurements.
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