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Abstract
ZnS/Fe2O3 core-shell thin films were deposited on glass substrates via the chemical bath deposition technique. The
films were subsequently annealed in ambient air between 150°C and 200°C. The elemental components of Zn, S, Fe
and O were quantitatively obtained from RBS analysis, confirming the formation of ZnS/Fe2O core-shell thin films.
The scanning electron microscopy studies indicated homogeneity of particle distribution with increase in post
deposition temperature. The optical properties of the films were characterized by UV-Vis spectroscopy in the
wavelength range 300-1000nm. The result of optical characterization showed that absorbance vary from 0.05-0.45,
0.05-0.52 and 0.12-0.70 for as-grown, annealed at 150oC and 200oC respectively. The transmittance generally vary
from 35-93%, 30-93% and 20-88% for as-grown, annealed at 150oC and 200oC samples respectively. The energy
band gap exhibited red shift, decreasing from 3.90eV to 3.85eV. The extinction coefficient, refractive index, real
and imaginary parts of dielectric constant varied accordingly with post deposition temperature. Based on the
property of high transmittance in the visible region and wide band gap exhibited by the films, it can be concluded
that the films are suitable materials for photovoltaic applications.
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I. INTRODUCTION

Zinc sulphide is a wide band gap semiconductor and as such has found much use in solar cells as a window layer for
narrow band gap materials such as lead sulphide. Zinc sulphide is widely used as the base materials for cathode-ray
tube luminescent materials, catalysts, electroluminescent devices, and UV semiconductor lasers for optical
lithography [1]. ZnS is an important II–VI compound semiconductor, crystallising in two phases, cubic-type zinc
blende and hexagonal-type wurtzite, with band gaps of 3.66eV and 3.74eV respectively [2]. Fe2O3 is the most stable
oxide of iron and is environmentally friendly (non-toxic), highly resistant to corrosion and ferromagnetic [3]. It
occurs naturally in the form of a mineral resource called hematite which is the major source of iron used in
producing steel [4].In the form of fine powder, -Fe2O3 is used in polishing metallic jewelry and lenses [5]. Alpha-
Fe2O3 is used as catalyst for petrochemical applications [6] and also has biomedical applications[7,8].

Currently, there is an increasing emphasis on the synthesis of core-shell thin films due to the fascinating synergetic
properties or complimentary behaviours offered by the composite nanostructures. The survey of literature showed
that core–shell thin films have been deposited using both physical and chemical methods. The physical methods
include thermal evaporation [9], sputtering [10] and epitaxial technique [11] while the chemical methods include
chemical bath deposition [12-17], spray pyrolysis [18], sol-gel [19, 20], chemical vapour deposition [21] etc. In this
work, we report the chemical bath deposition of ZnS/Fe2O3 core-shell thin films, with emphasis on the effect of post
deposition temperature on the of the optical and solid state properties of the grown films.
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II. MATERIALS AND METHODS

First, ZnS films was deposited using a bath composition of 2-8mls of 0.2M of ZnCl2, 6 mls of 0.2 (NH2)2CS, 7mls of
10M NH3 solution at 60oC. The deposition of ZnS/Fe2O3 core-shell thin films was achieved by inserting the glass
substrates covered with ZnS films into a chemical bath containing 10mls, 0.5M of FeSO4.7H2O, 10mls of 0.5M of
KCl, 2 drops of 1M of NaOH (complexing agent) and 38mls of distilled water in that order with PH between 3.6 at
60oC bath temperature for 2 hours. Thermo scientific GENESYS 10S model UV-VIS spectrophotometer was used to
determine the transmittance of the films in the wavelength range of 300-1000 nm at Centre for Energy Research and
Development (CERD), OAU, Ile-Lfe, Osun State. The chemical reactions involved in the deposition of ZnS thin
films are as follows [22].

 2 3 3 2 2( )ZnCl NH Zn NH Cl

In the above reaction, a zinc complex called zinc diamine chloride  3 2 2( )Zn NH Cl is formed which slowly
releases the zinc ions in the solution as follows:
  2
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Taken together, the total reaction becomes:

2 3 2 2 2 2 3 2 22 ( ) 2 2 2ZnCl NH NH CS OH CH N NH Cl H O ZnS      

The step wise ionic reaction involved in the complex ion formation and film deposition processes for Fe2O3 films are
as follows [23].

 3 2
44 3 ( )FeSO KCl Fe KCl SO  

 3 3( )Fe KCl Fe KCl  

3 3 3( )NaOH Na OH 
2

4 2 42Na SO Na SO 
3

33( ) ( )Fe OH Fe OH 

3 2 3 22 ( ) 3Fe OH Fe O H O 

III. RESULT AND DISCUSSION

Fig.1 depicts the RBS micrograph of ZnS/Fe2O3 core-shell thin film. A glance on the figure indicated that all the
elements that make up the core-shell are present. The quantitative measurement of the elemental composition
showed that Zn (1.98%), S (46.92%), O (51.10%) , and Fe (1.97%) confirming the formation of ZnS/Fe2O3 core-
shell thin films. The glass substrates composed of Si (34.0%), O (26.0%), Ca (6.0%), Na (25.0%), Al (5.2%),
K(3.50%) and Fe (0.30%).
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Fig.1: RBS micrograph of ZnS/Fe2O3 core-shell thin films

The SEM micrographs for as-grown, annealed at 150oC and 200oC are shown in Figures 2, 3 and 4 respectively.

Fig.2: SEM micrograph for as-grown sample Fig.3: SEM micrograph for annealed at 150oC

A close observation of the scanning electron micrographs of ZnS/Fe2O3 core-shell thin films show that homogeneity
of the grain size increased with post deposition temperature. Engagement of small grains of the films in flower-like
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structure is clearly observed in SEM micrograph of the films, suggesting nano-structured films. The observed long
network structure ordering makes the films good material for design of light-trapping configuration for solar cells
[24].

Fig.4: SEM micrograph for annealed at 200oC

The plot of absorbance against wavelength is shown in fig.5. The absorbance increased with post deposition
temperature. The absorbance vary from 0.05-0.45, 0.05-0.52 and 0.12-0.70 for as-grown, annealed at 150oC and
200oC respectively. The absorbance generally decreased with wavelength exhibiting a minimum in the infrared
region. Enhanced absorption is observed in the neighbourhood of 300-400nm. Our range of absorbance is lower
compared to that of Agbo and Nnabuchi (2011) for TiO2/Fe2O3 core-shell thin film [25], Augustine and Nnabuchi
(2018) for CuO/PbS double layer thin films [14] and Augustine et al (2017) for PbS/NiO core-shell thin films [12].
The lower absorbance may be associated with the concentration of the reagents used. It is reported in the literature
that dilute solutions have absorbance 2 in accordance with Lambert-Beer’s law [26]. Accordingly, the absorbance
of ZnS/Fe2O3 core-shell thin films at different post deposition temperature satisfied the Lambert-Beer equation.
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Fig.5: Plot of absorbance against wavelength
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The plots of transmittance against wavelength at different post deposition temperature is shown in Fig.6. The
transmittance spectra indicates that the transmittance increased with wavelength exhibiting a minimum for film
sample annealed at 200oC. The transmittance generally vary from 35-93%, 30-93% and 20-88% for as-grown,
annealed at 150oC and 200oC samples respectively. The overall decrease in the transmittance of the films with
increase in post deposition temperature may be associated with the increase in particle size. The transmittance of
ZnS/Fe2O3 films is in general above 50% in the visible region of solar spectrum. Human eye is sensitive only to the
range 400-700nm and is peaked at 500nm [27]. This is an important factor in window coatings and is met in these
films. The high transmittance of the films in the infrared region placed them as suitable materials for construction of
roofs and walls of poultry houses. This will facilitate transmission of infrared radiation (thermal portion of
electromagnetic spectrum) into the building for warming young chicks and has the potential to reduce the cost of
energy consumption associated with the use of electric bulbs, stoves and lambs to generate heat. These findings are
in agreement with that of Augustine and Nnabuchi (2018) for CuO/PbS thin films [14], Kalu et al (2018) for CeO
thin films [28], Chikwenze and Ekpunobi (2007) for PbSe thin films [29].
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Fig.6: Plot of Transmittance against wavelength

The details of the mathematical determination of the absorption coefficient ( ) can be found in literature [30, 31]
while the plots of absorption coefficient against photon energy is shown in fig.7. These absorption spectra, which
are the most direct and perhaps the simplest method for probing the band structure of semiconductors, are employed
in the determination of the energy gap, g . The optical band gap g was calculated using Tauc’s plot (αhv)2 versus
hv [32, 33] as shown in fig.8. The value of  is determined from transmittance spectra. The photon energy at the
point where (αhv)2 is zero represents g , which is determined by extrapolation. The obtained direct band gap are
3.90eV, 3.88eV and 3.85eV for as-deposited, annealed at 150oC and 200oC respectively. Accordingly, the blue
exhibit a red shift i.e decreased with annealing temperature. It is believed that thin films whose band gap values
decrease with annealing temperature has particle distribution which increases with thermal annealing. The decrease
in the energy band gap is possibly due to the decrease in the number of defects, evaporation of water molecules off
the films and reorganization of the films. The temperature dependence parameters that affect the band gap are
reorganization of the film and self-oxidation [34]. The reorganization of the film should occur at all annealing
temperature. By filling the voids in the film one expects denser films and lower energy gaps [29].
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Fig.7: Plots of α versus photon energy

Fig.8: Plots of (αhv)2 versus photon energy

The high transparency in the visible region and wide direct band gap energy exhibited by our film samples make
them ideal for use as window layer in heterojunction solar cells. The primary function of a window layer in a
heterojunction is to form a junction with the absorber layer while admitting a maximum amount of light to the
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junction region and the absorber layer [28]. The CIGS solar cells typically use a CdS window layer. However, there
are great concern about the toxicity of Cd in this architecture [35] and so; several alternative window layers are
currently being investigated to replace CdS. In our view, ZnS/Fe2O3 films deposited in this work stand high for
possible incorporation in CIGS solar cell. Fig.9 is the plot of extinction coefficient against photon energy. The
extinction coefficient generally increased with photon energy. It vary from 0.25 to 2.5 for as-grown layer, 0.25 to
3.0 for annealed at 150oC layer and 0.53-3.57 for annealed at 200oC. Our values of extinction coefficient are in
agreement with the report of other authors [14]. However, it is lower that the report in the following reference [13,
36]. Fig.10 depicts the plot of refractive index versus photon energy. The refractive index has a maximum of 2.7 for
all layers of the films with different minima values. The range of the refractive index values are in agreement with
the report of other research groups [13, 14, 37-39].
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Fig.9: Plots of extinction coefficient versus photon energy
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Fig.10: Plots of refractive index versus photon energy

Figures 11 and 12 are plots of real and imaginary parts of dielectric constant versus photon energy respectively. The
real part of dielectric constant shows how much the speed of light slows down in the material, whereas the
imaginary part of dielectric constant shows how a dielectric material absorbs energy from an electric field due to
dipole motion. Both the real and imaginary parts of dielectric constants were computed using established equation in
the literature [29].

2 2
r n k   (1)

2i ink  (2)

where r and i are the real and imaginary parts respectively of dielectric constant, n and k are refractive index
and extinction coefficient respectively.
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Fig.11: Plots of real dielectric constant versus photon energy
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Fig.12: Plots of imaginary dielectric constant versus photon energy

A close observation of fig.11 shows that the real dielectric constant exhibited similar patterns with the refractive
index plots. This may be due to the similarity in the mathematical relations used in computing both values of real
dielectric and refractive index. Our values of real dielectric constant are in agreement with that of other authors [13,
36-38]. However, our values of imaginary dielectric constant are lower compared to the report of other authors in
the literature [13, 36-38].The values of the dielectric are within the range for use as layers for fabrication of devices
with low capacitance requirements [13].
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IV. CONCLUSION

The synthesis and characterization of ZnS/Fe2O3 thin films using chemical bath deposition technique was
successfully carried out. The quantitative measurement of the elemental composition of the films showed that all the
elements that make up the core-shell were present. The scanning electron micrographs of the films depicted
homogeneity in particle distribution with post deposition temperature. The optical characterization was carried out
using spectrophotometer. The optical and solid state parameters varied considerably with the parametric
investigation involving post deposition temperature. in particular, the band gap energy exhibited a red shift,
decreasing from 3.90eV to 3.85eV. The transmittance spectra of the films are in the range suitable as coating
materials for the construction of poultry houses. The wide band gap of the films varied in the range suitable for solar
cell fabrications, high frequency applications as well as optoelectronic applications.
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