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ABSTRACT 

The effect of pH on the optical properties of manganese alloyed zinc sulphide thin films 

deposited by chemical bath method was studied. The bath precursors for the deposited 

ZnMnS thin films were zinc chloride (ZnCl2) as source of Zn2+ ion, thiourea (H2NCSNH2) as 

source of S2+ ion, di-sodium ethylene-diamine-tetra-acetic acid, EDTA, 

(Na2C10H14N2O8.2H2O), tri-ethanol-amine (TEA) (C6H15NO3) as the complexing agents, 

manganese tetra-oxo-sulphate (VI) monohydrate, (MnSO4.H2O) as source of Mn2+ ion, and 

ammonium hydroxide (NH4OH) as pH adjuster. The deposition was carried out at room 

temperature of 303K in alkaline medium. Results of the study showed that the films have 

maximum absorbance of 0.5(50%) in UV region and minimum of 0.05(5%) in NIR regions, 

minimum transmittance of 37.50%  in UV and maximum of 89.68% in NIR region, maximum 

reflectance of 0.20 in UV region and minimum of 0.05 in NIR region, minimum refractive 

index of 1.61 in NIR region and maximum of 2.64 in UV region, extinction coefficient of 0.04 

in UV region and  0.004 in NIR region. Absorbance, reflectance, refractive index and 

extinction coefficient of the films increased as the pH of bath solution increased while 

transmittance decreased as it increased. The film has a band-gap of 3.88eV and is of interest 

for use as an absorber layer material in thin film photovoltaic solar cells. 
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1. INTRODUCTION 

Thin film processing and the success of applications of these thin films based on new 

semiconductor materials depend on findings and compatible deposition technologies that are 

cost-effective and the techniques that will lead to large-area substrate coatings [1]. Due to 

their unique properties, which lead to new and exciting applications, thin films are 

increasingly gaining the attention of the scientific researchers and also the public [2]. 

Chalgonide metals of II-VI semiconductors account for the most investigated materials, due 

to their special properties [3][4][5]. An important question regarding thin films is concerned 

with the structural and dynamic changes that can occur upon replacement of either cations or 

anions in the binary or ternary based material. Modern day technology requires several types 

of thin films materials, which have been attracting an increasing interest for a variety of 

applications [6]. Thin films can be made of single or multi- compound (binary, ternary, or 

quaternary) depending on the elemental composition, alloy  compound or multilayered 

coatings on substrates of different types, shapes or sizes [7]. 

 

mailto:ajimaji92@yahoo.com
mailto:ajimaji92@yahoo.com


COOU Journal of Physical ciences 3(1), 2020S  CJPS COOU
 

 

w e b s ite :w w w.co o u .e d u .n g .

373 
 
 

Like other sulphide compounds, ZnMnS also attracted attention in the 1970 and 1980’s for 

possible application as an optical storage medium [8][9]. However, recent investigations are 

directed towards studying its potential as a photovolatic or solar cell essentially due to its 

high absorption coefficient, low cost and low toxicity [10][11]. Being a layered chalcogenide, 

[12][13] of relatively low melting point[14], ZnMnS has been found to be a suitable 

candidate for thin film fabrication. The band-gap of the thin film semiconductor ZnMnS thin 

film is 3.80eV[15][16].While there is large number of reports on ZnMnS, more systematic 

studies have been undertaken considering its potential commercial application as a solar cell. 

Thin films of ZnMnS play an important role in various application fields such as energy 

sources, environment, health and medical treatments. It was reported for the first time that 

manganese alloyed zinc sulphide thin films were synthesized by chemical process, which 

have high efficiency of photoluminescence and ultrafast electron-hole recombination rate 

[17]. ZnMnS thin films were prepared by microemulsion method [18]. In this work, the effect 

of pH on the optical properties of manganese alloyed zinc sulphide thin films is investigated.  

 

2. MATERIALS AND METHODS 

Chemical bath deposition technique is used in the deposition of the thin films. 

The precursors used in the deposition include zinc chloride (ZnCl2) serving as source of Zn2+ 

ion, thiourea (H2NCSNH2) as source of S2+ ion, di-sodium ethylene-diamine-tetra-acetic acid 

(EDTA) (Na2C10H14N2O8.2H2O), tri-ethanol-amine (TEA) (C6H15NO3)  serving as the 

complexing agents, manganese tetra-oxo-sulphate (VI) monohydrate (MnSO4.H2O) as source 

of Mn2+ ion, and ammonium hydroxide (NH4OH) serving as pH adjuster, glass slide 

substrates. All the chemicals used were of analytical grade. Two complexing agents were 

used to yield effective deposition, as only one complexing agent could not give impressing 

result within the stipulated time lapse. The slides before use were degreased in tri-oxo-nitrate 

(V) acid for 48hours, washed in cold water with detergent, rinsed with distilled water and 

dried in air. The degreased-cleaned surface provide nucleation centre for growth of the films, 

hence yielding highly adhesive and uniformly deposited films. The experiment was carried 

out at an average room temperature of 300K. 

Five setups or reaction baths of different pH were prepared as shown in Table2.1. The 

concentrations and volumes of the precursors used are as shown in the table. The precursors 

for each setup is poured into a 100 ml beaker and stirred with glass rod to have a homogenous 

mixture before vertically inserting the glass substrate into the solution through synthetic 

foam. The stepwise reactions involved in the complex ion formation and film deposition 

processes for ZnMnS are stated below. Sulphide, S2-, ions are released by the hydrolysis of 

thiourea, (H2NCSNH2)., and Zn2+ ions were released from the complex ion formed by the 

reaction of zinc chloride,(ZnCl2) with EDTA and TEA. 
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Table 2.1: pH variation for deposition of manganese alloyed zinc sulphide (ZnMnS) thin 

films at room temperature 
BATH 

NAM

E 

MnSO4.H2O ZnCl2 EDTA TEA Thiourea NH4

OH 

(10ml

) 

Tim

e 

(Hr

s) 

pH Tem

p 

(K) 
Conc. 

(Mol/

dm3 

Vo

l 

(m

l) 

Conc. 

(Mol/d

m3) 

Vo

l 

.(

ml

) 

Conc. 

Mol/d

m3 

Vo

l 

.(

ml

) 

Conc. 

Mol/d

m3 

Vol 

.(ml

) 

Conc. 

Mol/d

m3 

Vol 

.(ml

) 

MnZn

Sp1 

0.5 10 0.05 5 0.5 5 0.5 5 0.25 10 10.0 24.

0 

10.

2 

300 

MnZn

Sp2 

0.5 10 0.05 5 0.5 5 0.5 5 0.25 10 10.0 24.

0 

10.

8 

300 

MnZn

Sp3 

0.5 10 0.05 5 0.5 5 0.5 5 0.25 10 10.0 24.

0 

11.

0 

300 

MnZn

Sp4 

0.5 10 0.05 5 0.5 5 0.5 5 0.25 10 10.0 24.

0 

11.

2 

300 

MnZn

Sp5 

0.5 10 0.05 5 0.5 5 0.5 5 0.25 10 10.0 24.

0 

11.

4 

300 

 

3. THEORY  

Calculation of optical properties 

Optical properties of the films were calculated using the following formulae:- 

Reflectance (R)  =                                                                                           (1) 

where A is absorbance, and T is transmittance [28]. 

Refractive index (η)  =                                                                                                (2) 

where R is reflectance. [29]. 

Absorption coefficient (α)  =                                                                                            (3) 

where A is absorbance, and λ is wavelength [30][31]. 

Extinction coefficient (K)  =                                                                                          (4) 

where α is absorption coefficient, and λ is wavelength [30][31]. 

Photon energy (eV)  =                                                                                         (5) 

Where h is Planck’s constant = 6.63 x 10-34Js, and ν is frequency of photon. 

However,                                                                                                                  (6) 

Where c is velocity of light = 3.0 x 108m/s, and λ is wavelength. 

 Hence  ,                                                                                                                  (7) 

 but  ,   

Planck’s constant    

Therefore, photon energy             
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This is the band-gap energy, Eg [32]. 

 

4. RESULTS  

4.3.2 pH Variation 

                (i)  Absorbance (A)                                                          (ii) Transmittance (T%) 

                   
 

       Fig 4.1: Graph of absorbance (A) versus            Fig 4.2: Graph of transmittance (T%) versus 

         wavelength λ(nm) for ZnMnS thin film.          wavelength λ(nm) for ZnMnS thin film. 

 

            (iii)  Reflectance (R)                                                     (iv) Refractive index (ɳ) 
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         Fig 4.3: Graph of reflectance (R) versus        Fig 4.4: Graph of refractive index (η) versus 

             wavelength λ(nm) for ZnMnS thin film.     wavelength λ(nm) for ZnMnS thin film. 

 

           

 (v)  Extinction coefficient (K)                         (vi) Complex dielectric constant (Ɛc) 

 

            
 

        Fig 4.5: Graph of extinction coefficient (K) versus   Fig 4.6: Graph of complex dielectric constant (Ɛc) 

               wavelength λ(nm) for ZnMnS thin film.              versus wavelength λ(nm) for ZnMnS thin film. 

 

     

 (vii)  Optical thickness (μm)                      (viii) Absorption coefficient squared (α2) 

 

               
 
 Fig.4.7: Graph of Average optical thickness(μm)         Fig 4.8: Graph of absorption coefficient squared (α2) 

 versus pH for ZnMnS thin film.                                     versus photon energy (eV) for ZnMnS thin film. 
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Average optical conductivity (S-1) 

 
Fig.4.9: Graphs of average optical conductivity (μm) 

 

 

4.3.7 Structural properties of manganese alloyed zinc sulphide, (ZnMnS), thin films 

 

           (a)  Scan electron microscopy                   (b) Energy dispersive x-ray spectroscopy 

                (SEM) of ZnMnS thin films                   (EDXS) for ZnMnS thin films 

  \  ``           ```````  

       Fig.4.10: SEM of ZnMnS thin film                Fig.4.11: EDXS of  ZnMnS thin film 

          (11.40  pH value).                                            (11.40 pH value). 
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(c) X-ray diffraction (XRD) for ZnMnS thin films 

 
Fig.4.12: XRD pattern of alloyed ZnMnS thin film. 

 

 

Table 4.1 XRD Analysis of Chemically Deposited ZnMnS thin film 
Content Structure 2θ0 

 

FWHM 

(eV) 

hkl Lattice 

constants 

(Å) 

d-

spacing 

(Å) 

Crystallite 

size (D) 

x10-9 m 

Dislocation 

density (ρ) 

x10-13 

(line m-2) 

Microstrain 

(Ɛ) 

x10-3 

ZnMnS Tetrahedral 

Crystalline 

Solid 

28.50 3.36 111 a=3.2495 

b=3.2495 

c=5.2069 

2.931 74.51 5.552 4.652 

 

5. Discussion 

From Fig.4.1, the films have low absorbance which decreases as the wavelength increases, 

maximum of 0.32 (32.00%) in VIS region and decreases to minimum of 0.05 (5.00%) in NIR 

region. The absorbance increases as pH of the bath solution increases. However, in higher pH 

values of 11.20 and 11.40, the films peeled off the substrate due to heavy thickening caused 

by impurity and started building up afresh.  Fig.4.2 reveals that the films have high 

transmittance which increases as the wavelength increases, minimum of 45.59% in VIS 

region and increases to maximum of 95.68% in NIR region. The transmittance of the films 

increases as pH of the bath solution decreases. In higher pH values of 11.20 and 11.40, the 

films peeled off the substrate due to heavy thickening caused by impurity and the films 

started building up afresh. From Fig.4.3 the films have low reflectance which decreases as the 

wavelength increases, maximum of 0.205 (20.50%) in VIS region and decreases to minimum 

of 0.055 (5.50%) in NIR region. The reflectance increases as pH of the bath solution 

increases. In the higher pH values of 11.20 and 11.40, the films peeled off the substrate due 

to heavy thickening caused by impurity and the films started building up afresh. The low 

absorbance, reflectance and high transmittance in visible region makes the film a good 
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material for solar cell. High transmittance in NIR region makes it a good material for photo-

thermal heating. Fig.4.4 shows that the films have high refractive index which decreases as 

the wavelength increases, maximum of 2.68 in the VIS region and minimum of 1.64 in NIR 

region. This makes it a good material for film stack for antireflection coating. The refractive 

index increases as pH of the bath solution increases although pH values of 11.20 and 11.40 

deviated as their films peeled off the substrate due to heavy thickening caused by impurity. 

From Fig.4.5, extinction coefficient of the films decreases as wavelength increases. It also 

increases as the pH of the bath solution increases. However, the pH values of 11.20 and 11.40 

deviated as their films peeled off the substrate due to heavy thickening caused by impurity. 

Fig.4.6 shows that the complex dielectric constant maximum value of 7.25 and minimum 

value of 2.55. It increases as the pH value increases also. The optical thickness as shown in 

Fig.4.7 increases from 0.075μm to 0.40μm and as the pH value increases from 10.20 to 

11.00, but is not favoured by the pH values of 11.20 and 11.40. Hence the pH values of 11.20 

and 11.40 deviated as their films peeled off the substrate due to heavy thickening caused by 

impurity.  From Fig.4.8, the films have a band-gap range of 1.88eV to 2.45eV, and decreases 

as the pH values increases. 

From the Fig.4.9, the optical conductivity increases as the concentration of the bath solution 

increases from 0.01M to 0.02M except at the concentrations of 0.03M, 0.04M and 0.05M in 

which the optical conductivity decreases. That is to say those higher concentrations did not 

favour the optical conductivity. 

Fig.4.10 reveals that the WD is 10.80mm, magnification of 7500x, Hv of 15KV, HFW of 

128μm, pressure of 70pa, and scale measure of 25μm. 

The EDXS analysis in Fig.4.11 shows that the films consist of major elements Mn 51.13; Zn 

19.48; S 12.34, with other trace elements which could be from the substrate. This result 

confirms components of the thin film ZnMnS. 

The XRD pattern in Fig.4.12 illustrates the three specific diffraction peaks originating from 

(111), (220) and (311) planes of the zinc blende structure. The peaks confirm the crystallinity 

of the films. 

In Table 4.1, the XRD analysis shows that deposited thin film is crystalline which has a 

tetrahedral structure. The lattice constants are 𝑎 = 3.2495 Å, 𝑏 = 3.2495 Å and 𝑐 = 5.2069 Å. 

The crystallite size of the film is 74.51nm, dislocation density of 5.552 x 10-13 (line m-2) and 

the microstrain of 4.652 x 10-3 at hkl of 111, FWHM of 3.36eV. 

 

6. CONCLUSIONS 

Zinc manganese sulphide (ZnMnS) semiconductor thin film could be grown by chemical bath 

technique. The absorbance, reflectance, refractive index and extinction coefficient of the 

films increase as the pH of the bath solution increases while the transmittance decreases as it 

increases.  

All the optical properties mentioned above decrease as the wavelength increases, except their 

transmittance which increases as the wavelength increases. Their thin film semiconductor 

materials of all the optical properties mentioned above are more sensitive and favourable for 

opto-electronic devices than the doped single or binary compounds. Hence they can be used 

for light emission devices (LED), and multi-junction solar cells, solar cars in solar arrays, and 

in fiber optic temperature sensors, near-infrared laser diodes, forward-looking-infrared 

(FLIR) grade, cathode ray tube screens, and x-ray tube screens that glow (luminescent) in the 

dark, and electroluminescent panels. They are used in thin film resistors, photo-resistors 
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(light dependent resistors), cathodoluminescence (when excited with electron beam), 

conductivity increases when irradiated with light (used as a photo-resistor).   

These findings are in agreement with other scientific researchers and technologists of thin 

films. According to them, the Visible Transmitting Film (VTF) has energy band gap ranging 

from 1.50eV to 3.90eV and since the as-grown thin films have energy band of range 1.88eV 

to 2.45𝑒𝑉, it then means that they are also Visible Transmitting Films (VTF), which behave 

more like transparent and ionic insulators. 

However, chemo-dynamic reactions and thermo-dynamic reactions in the bath solutions 

caused by impurities resulted to certain deviations in the films which led to peeling off of the 

thin films from the substrate due to heavy thickening and the thin films started building up 

afresh. 

 

7.   REFERENCES 

1.  Ezenwaka, Laz; Okereke, N.A; Odezue, O.O (2014), Effect of pH on Chemical Bath  

Deposited Copper Nickel Selenide Thin Films; Inter Disciplinary Research 

Journal,Vol 1, No. 1, December 2014, pp1-5. 

 

2.  Dhanam, M.;  Kavitha, B.; Neethajose, Devasia, D.P.(2009) Chalcogenide Lett. 6, 713. 

 

3.  Jie, J.S.; Zhang, W.J.; Bello, I.; Lee, C.S.; Lee, S.T.(2010) Nano Today 5, 313.  

 

4.  Bera, D.; Qian, L.; Tseng, T.K.; Holloway,P.H.(2010) Materials 3, 2260.  

 

5.  Fang, X.S.; Zhai, T.Y.; Gautam, U.K.; Li, L.; Wu, L.M.; Bando, Y.; Golberg, D.(2011) 

Prog. Mater.        Sci.  56, 175  

 

6. Samanta D., Samanta B., Chaudhuri A. K., Ghorai S. and Pal U., (1996), Electrical 

Characterization of Stable Air – oxidized CdSe Films Prepared by Thermal       

Evaporation, Semiconductor Science Technology Vol. 11, No: 4, pp. 548 – 

553.  

 

7.  Lee Jae-Hyeong, Song Woo-Chang, Yi Jun-Sin and Yoo Yeong-Sik, (2003), 

Characteristics of the CdZnS Thin Films Doped by Thermal Diffusion of 

Vacuum Evaporated Indium Films, Materials and Solar Cells Vol. 75 issues 

(1-2), pp. 227 – 234.  

 

8.  Yue, G. H., Wang, L. S., Wang, X., et al.(2009). Characterization and optical properties of 

the single   crystalline SnS nanowire arrays. Nanoscale Res Lett,4, 359 

 

9.   Patil, S. G. and Tredgold, R. H. (1971). Electrical and photoconductive properties of SnS2 

crystals. J       Pure Phys, 4, 718 

 

10.  Wang Z, Qu S, Zeng X, et al. The application of SnS nanoparticles to bulk heterojunction 

solar cells. J Alloys Comp, 2009, 482: 203 

 



COOU Journal of Physical ciences 3(1), 2020S  CJPS COOU
 

 

w e b s ite :w w w.co o u .e d u .n g .

381 
 
 

11.  Noguchi H, Setiyadi A, Tanamora H, et al. Characterization of vacuum-evaporated tin 

sulfide film     for solar cell materials. Sol Energy Mater Sol Cells, 1994, 

35: 325 

 

12.  Nikolic P M, Miljkovic L J, Mihajlovic P, et al. Splitting and coupling of lattice modes in 

the layer  compound SnS. J Phys C: Solid State Phys, 1977, 10: L289 

 

13. Makinistian L, Albanesi E A. Study of the hydrostatic pressure on the orthorhombic IV–

VI   compounds including many-body effects. J Comput Mater Sci, 2011, 

50:2872 

 

14. Linde, D.R.; Boca, R.A.; Raton, F.L. (1993 - 1994) CRC handbook of chemistry and 

physics, 74th Edn., Ed: CRC Press 

 

15.  Gao C, Shen H, Sun L. Preparation and properties of zinc blende and orthorhombic SnS 

films by chemical bath deposition. Appl Surf Sci, 2011, 257: 6750 

 

16.  Sohila S, Rajalakshmi M, Ghosh C, et al. Optical and Raman scattering studies on SnS  

nanoparticles. J Alloy Compd, 2011, 509: 5843 

 

17.  Bhargava, R.N., Gallagher, D.; Hong, X.; Nurmikko, A.,  Bol, A.A.,(1994) Phys. Rev.  

Lett. 72, 416. 

 

18.  Zhang, Y., L. Li, J. (2001). Materials Engineering, 212 (2001) 31. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


