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By utilising hydrothermal approach undoped and Mn-doped ZnS was synthesized and characterized by using X-ray 
diffraction (XRD), energy dispersive X-ray spectroscopy (EDX), Field emission scanning electron microscopy (FE-SEM), 
Fourier transform infrared spectroscopy (FT-IR) and UV-Visible spectroscopy. The XRD pattern confirmed the cubic 
sphalerite crystal structure of prepared nanoparticles. Due to Mn doping, size of crystallite for all the samples was increased. 
FE-SEM images showed spherical morphology of synthesized samples. The EDX spectrum confirms the presence of Mn in 
the doped sample. FTIR spectrum showed that doping shifts the position of Zn-S absorption band. A red shift was observed 
in the absorption maxima and the bandgap was decreased with increasing doping percentage from 0 to 10%.  
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1 Introduction 
Semiconductor materials have been investigated 

in detail in recent years due to their certain 
characteristics including an adequate band gap and 
excellent visible-range absorption1. Zinc sulfide 
(ZnS) is a class II–VI n-type intrinsic semiconductor 
possessing a wide band gap within the range 3.5 -3.8 
eV2. Due to its excellent thermal stability and 
high electronic mobility3 this material has 
applications in light emitting diodes, flat panel 
displays, infrared windows, lasers, optoelectronic 
devices, as a nano fertilizer and many more. There 
are two common crystal structures in which ZnS 
exists: cubic zinc blend and hexagonal wurtzite. ZnS 
absorbs only high energy UV-radiations as its 
absorption edge is under 340 nm4. By doping with 
suitable material, the absorption edge of ZnS can be 
shifted towards longer wavelength. Also, by the 
addition of dopant to lattice structural, optical and 
morphological properties of ZnS can be turned5. 
Spin-spin exchange interactions led to the formation 
of material with more exotic properties when ZnS is 
doped with transition metals like Ni, Fe, Mn, Co 
etc6. Ni-doped ZnS microspheres exhibit  
better charge storage capacity compared to pristine 
ZnS7. The electrical conductivity of ZnS was 
modified after doping with Al8. Sm-doped ZnS 

nanoparticles were utilized in optoelectronic 
devices9. 

In the present study, Mn was selected as doping 
agent because ofits similar ionic radius as that of ZnS, 
electrical neutrality of manganese atoms, large 
exciton binding energy and wide bandgap at room 
temperature10. This study focuses on the impact of Mn 
doping on the structural, optical and morphological 
characteristics of ZnS. 

2 Materials and Methods 
Zinc acetate dihydrate, thiourea and Manganese 

(II) sulfate monohydrate from Sigma Aldrich were
used for the synthesis of zinc sulfide and chemically
doped zinc sulphide (AR grade).

For the synthesis of Zinc sulfide and manganese-
doped zinc sulphide hydrothermal approach was 
used12. A solution of zinc acetate dihydrate (0.25 M) 
was chosen as the initial solution and then, a 0.75 M 
solution of thiourea was gradually added drop by drop 
into it. The solution was stirred for 30 minutes and then 
transferred into an autoclave. It was placed in an oven 
at 200 °C for 24 h, then left to cool naturally to room 
temperature. Obtained precipitate was washed and 
dried in an oven at 90 °C for 5 hrs to obtain ZnS 
powder. The same procedure was adopted for 
synthesizing 5% and 10% Mn-doped ZnS along with 
the addition of the appropriate amount of manganese 
sulfate monohydrate in zinc acetate dihydrate solution.  

—————— 
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3 Results and Discussion 

3.1 XRD Analysis 
XRD patterns of 0 %, 5 % and 10 % Mn-doped 

ZnS are shown in Fig. 1. The diffraction peaks at 2θ 
values of 28.5, 33.1, 47.5 and 56.4 belong to the 
(111), (200), (220) and (311) planes and represents 
the cubic sphalerite crystal structure of undoped and 
Mn doped ZnS. Zn2+and Mn2+ have nearly similar 
ionic radii so no significant change was observed in 
the lattice of ZnS due to doping of Mn. The 
crystallite size of 0 %, 5 % and 10 % Mn-doped ZnS 
comes out to be 23.26, 31.52 and 34.52 nm 
respectively as calculated from the Debye Scherrer 
formula11. As the doping percentage increases from 
0 % to 10 %, the size of the crystallites also 
increases12. 

3.2 FE-SEM and EDX Analysis 
Figure 2 displays FE-SEM images of 0 % and 5 % 

Mn-doped ZnS. Pristine material has spherical 
morphology (Fig. 2(a)) whereas images of doped ZnS 
show nearly spherical microspheres. The surface 
morphology revealed that in case of doped sample 
particles are agglomerated. In some sites, various 
sizes of particles are found, so indicating the non-
uniform distribution of particle size due to surface 
tension and interactive forces13. 

The EDX analysis was performed to study the 
elemental composition of doped sample. The 
spectrum measurements of 5 % doped ZnS revealed 
the presence of peaks corresponding to Zn, S and Mn 
as depicted in Fig. 3. Hence, the EDX spectral 
measurement confirms that manganese is doped 
successfully in ZnS. 

3.3 FTIR Analysis 
The FT-IR spectra of 0 %, 5 % and 10 % 

Mn-doped ZnS samples are presented in Fig. 4. 
Due to -OH group stretching a peak around 
3400-3500 cm-1 appeared14. The peak obtained at 
636 cm-1 for 0 % Mn-doped ZnS corresponds to Zn-S 
stretching and for the doped sample, peak was shifted 
little towards the lower wave number. So, doping 
perturbs the Zn-S-Zn network and changes the peak 
position of the ZnS absorption band15. Peaks were 
observed at 2424, 2845, 2090 and 1616cm-1 due to the 
formation of microstructures16. Weak peaks around 
1000 and 800 cm-1 were due to the resonance between 
vibrational modes of sulfide ions17. 

UV-Vis absorption analysis 
 UV-Vis graphs of 0 %, 5 % and 10 % Mn-doped 

ZnS are shown in the insets of Fig. 5, 6 & 
7 respectively. 0 % Mn-ZnS exhibit the absorption 
peak at 280 nm, 5 % Mn-ZnS at 300 nm and 10 % 
Mn-ZnS at 310 nm. For doped samples, absorption 
maxima were shifted towards longer wavelengths 
indicating a red shift with increasing concentrations of 
Mn, and the bandgap of all the samples calculated 
from Tauc’s plot comes out to 3.68 eV for 0 % 

Fig. 2 — FE-SEM image of (a) 0 % Mn-doped ZnS (b) 5 % 
Mn-doped ZnS. 

Fig. 1 — XRD patterns of 0 %, 5 % and 10 % Mn-doped ZnS. 
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Fig. 3 — The EDX spectrum of 5 % Mn-doped ZnS. 

Fig. 4 — FTIR graph of 0 %, 5 % and 10 % Mn-doped ZnS. 

Fig. 5 — Tauc’s plot and UV-Vis absorption spectrum of 0 % Mn-doped ZnS. 
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Fig. 6 — Tauc’s plot and UV-Vis absorption spectrum   of 5 % Mn-doped ZnS. 

Fig. 7 — Tauc’s plot and UV-Vis absorption spectrum of 10 % Mn-doped ZnS. 

Mn-ZnS, 3.5 eV for 5 % Mn-ZnS and 3.45 eV for 
10 % Mn-ZnS. Therefore, the energy bandgap was 
decreased with increasing doping percentage because 
the sample which absorbs UV- light is an aggregate of 
metal ions spread homogeneously and absorbed peak 
corresponding to Mn ions, also corroborated with 
XRD18. This minute change suggests that there is 
direct energy transfer between the semiconductor 
excited state and the 3d levels of Mn ions19. 

4 Conclusion 
The hydrothermal synthesis method was employed 

to precisely incorporate manganese (Mn) doping into 
zinc sulfide (ZnS) nanoparticle at three different 
concentrations, namely 0%, 5%, and 10%. 

XRD spectrum shows that ions of Mn get doped in 
the ZnS without disturbing its crystal structure. The 

average crystallite size was increased slightly due to 
Mn- doping. FTIR analysis also confirms the 
formation of pure and doped ZnS. UV-Visible 
spectroscopy results show a red shift in the absorption 
maxima and the band gap value decreased because of 
doping. So, the optical, structural and morphological 
characteristics of ZnS can be varied by the doping of 
manganese in it. The band gap and crystallite size of 
ZnS can be controlled through doping and the product 
can find application in the various field.  
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