
International Journal of ChemTech Research
                                                                  CODEN (USA): IJCRGG      ISSN : 0974-4290

                                                            Vol.6, No.6, pp 3361-3363,     Aug-Sep 2014

ICMCT-2014 [10th – 12th March 2014]
International Conference on Materials and Characterization Techniques

The effect of TEA on structural and optical properties of
nebulized spray deposited MnS thin films

M. Girish1, T. Dhandayuthapani1, R. Sivakumar2,* and C. Sanjeeviraja3

1Department of Physics, Alagappa University, Karaikudi 630 004, India
2Directorate of Distance Education, Alagappa University, Karaikudi 630 004, India

3Department of Physics, Alagappa Chettiar College of Engineering and Technology,
Karaikudi 630 004, India

*Corres. author: krsivakumar1979@yahoo.com

Abstract: Manganese sulfide (MnS) is a wide gap VIIB–VIA dilute magnetic semiconductor (DMS) that has
potential applications in solar selective coatings, solar cell (as a window/buffer material), sensors etc. In the
present work, well crystallized MnS thin films were successfully deposited via a simple technique called
nebulized spray pyrolysis at 250˚C using triethanolamine as a complexing agent. Equi-molar concentration
(0.25M) of manganese acetate and thiourea was used as the source materials. The as-deposited films were
further annealed at 400˚C. The as-deposited and annealed films were characterized using X-ray diffraction
(XRD), UV-Vis spectroscopy and photoluminescence. The formation of mixed cubic and hexagonal phase MnS
was confirmed by XRD analysis. The energy band gap of films varies between 3.47eV and 3.65eV.
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Introduction and Experimental:

MnS exist  in  three  phases,  a  green  stable  α-MnS form (alabandite)  with  a  rock  salt  (RS)  structure,β-
MnS and γ-MnS (both pink) which are both meta-stable modifications with zinc blend (ZB) and wurtzite (W)
structures, respectively [1]. In previous studies considerable efforts had been made on controlling the crystalline
phases and the morphologies of MnS [2]. Recently, a variety of methods such as hydrothermal, solvothermal,
microwave irradiation, spray pyrolysis and chemical bath deposition have been developed to prepare MnS thin
films. In this paper, we report the TEA effect on the structural and optical properties of MnS thin films
deposited by nebulized spray pyrolysis technique.MnSthin films were deposited on well-cleaned glass
substrates using nebulized spray pyrolysis technique at 250˚C. The precursor solution was prepared by
dissolving the aqueous solutions of 10ml of 0.25M manganese acetate (Mn (CH3COO)2 ) (Manganese source)
and 10ml of 0.25M thiourea (CS(NH2)2) (Sulfur source) (1:1 molar ratio). One drop of TEA was added to the
precursor solution. The as-deposited samples were annealed at 400˚C for 1 hour in air. The structural property
of MnS thin films were studied by x-ray diffraction (XRD) using CuKα (λ = 0.154nm) radiation source (X’Pert
Pro PANanalytical) over 2θ scan range of 10-70°. The effect of molar concentration on the change in optical
property of MnS film was studied using UV-Vis-NIR spectrophotometer (Ocean optics HR2000). The room
temperature photoluminescence (PL) study was performed using a fluorescence spectrophotometer (Varian
Cary Eclipse).
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Results and discussion:

Figure 1 shows the X-ray diffraction patterns of as-deposited and annealed MnS thin films. The XRD
patterns of as-deposited thin films show the amorphous nature.Crystallinity is attained by annealing the film
samples. The addition of TEA may enhance the degree of crystallinity. The observed lattice spacings (d) were
matched very well with JCPDS data (card Nos.: 40-1288; 40-1289) corresponding to β-MnS (cubic) and γ-MnS
(hexagonal) structures. The (200) plane gradually becomes prominent owing to the formation of β-MnS
phase.From the XRD result we have evaluated various structural parameters of annealed MnS films viz.
crystallite size (D), dislocation density (δ),  strain  (ε), and lattice distortion (LD) . The unstrained lattice is
emerged which leads to low lattice distortion. The internal stress due to the amorphous nature of films was
minimized after annealing treatments. Thus the post annealing process yields more unstrained thin films.

Figure  2(i)  shows  the  optical  absorbance  spectra  of  as-deposited  and  annealed  MnS  thin  films,
respectively. It is observed that the absorption edge of annealed MnS films shift towards higher wavelength
region. Thus the red shifted absorbance is attributed to the enhancement of grain growth and crystallinity. The
optical energy bandgap (Eg) of the film was evaluated from Taucplot. Figure 2(ii) shows the Tauc plot of as-
deposited and annealed MnS thin films. On annealing, the band gap reduces from 3.65eV to 3.47eV.The
gradual reduction of band gap (bandgap narrowing) may be due to crystallization of films. This bandgap
narrowing may be due to modification of bottom of valence band and top of the conduction band
symmetrically. Figure 3 shows the photoluminescence spectra of as-deposited and annealed MnS thin
films.Thus,  the increase in the PL peak intensity and the decrease in the FWHM of the PL emissionspectrum
with increasing annealing temperature appear to result from the better crystallinequality of the MnS films. The
band-edge luminescence at 459nm arises from the recombination of excitations or shallowly trapped electron-
hole pairs [3].  The emission peak at 372nm corresponds to the ultraviolet emission. It is worth to mentionthat
the recent surge of activity in wide band gap semiconductors arising from the need fordeveloping optical
materialswhich areactive in the UV wavelengths [4]. Thus we emphasis that MnS thin films can be useful for
ultraviolet light emitting and short wavelength optoelectronic devices.

Table 1: Structural parameters of MnS thin films

Molar ratio Crystallite size
(nm)

Strain
(×103 lines-2 m-4)

Dislocation density
(×1015 lines/m2)

Lattice distortion

1:1 71 0.496 0.198 0.140

Figure 1.XRD pattern of MnS thin films a) as-deposited and b) annealed at 400˚C.
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Figure 2(i): Optical absorbance spectra of a) as-deposited and b) annealed at 400˚C.(ii) Tauc plot of MnS
thin films a) as-deposited b) annealed at 400˚C.

Figure 3: Photoluminescence spectra of MnS thin films a) as-deposited and b) annealed at 400˚C.

Conclusion:

In summary, MnS thin films were successfully prepared by nebulized spray pyrolysis technique.The
effects of TEA and annealing on structural and optical properties were discussed. XRD results show the
deposited MnS films belong to polycrystalline nature with mixed hexagonal and cubic phases. The band gap
narrowing is found for annealed samples. The PL emission at both UV and visibleregions which clearly
explains the optoelectronic applications of MnS films.
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