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Thin films of FeCuS, and ZnCuS, at varying complexing agents were deposited by chemical bath deposition method. Ultrathin
ternary films were grown on glass plate and the structural, morphological and optical characteristics were analyzed using X-
ray diffraction (XRD), Scanning Electron Microscopy (SEM) and UV-Visible spectroscopy techniques. X-Ray diffraction (XRD)
pattern of FeCuS, and ZnCuS, thin film explains the polycrystalline nature, and also it showed the deposition of cubic phases
at room temperature. The SEM images show that the prepared films show clear morphology influenced by the complexing
agent Leishman stain. The effect of complexing agents on the material absorbance and band gap energy of the deposited
thin films were analysed using UV-Vis spectrometry. From these results, it is indicated that the prepared films are suitable

candidate for solar cell applications.
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Introduction

In the present scenario, solar energy can be effectively
converted as thermal energy as solar heat or electric current
termed as solar photovoltaic'. Thin films are highly popular
as transducers for harnessing the solar energy?. In general,
total energy acquired by these transducers are linearly pro-
portional to the surface area. Hence, solar energy devices
might have large surface area in order to acquire large amount
of energy. The researchers today focus their research mainly
on thin film materials that have versatile applications in pho-
tovoltaic, solar cell, photo-catalysis and superconducting
materials having exponential growth*. The substrate and re-
agent materials are extensively used for making thin films
are abundant and cheap without toxic nature with wide ap-
plications.

The thin film making technique should be done inquisi-
tively in order to achieve an ultrathin and uniform film coat-
ing. The intrinsic interest on making and research on ternary
chalcogenide materials are growing exponentially®. There are
huge depositions techniques available such as chemical bath
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deposition®, spray pyrolysis’, metal organic chemical vapour
deposition8, sputtering®, electrodeposition'?, sol-gel'!, Suc-
cessive lonic Layer and Reaction (SILAR)'2, etc. are in us-
age for the deposition of thin films. Ternary thin films have
been deposited and characterized by various researchers
possess specific applications includes CuSbS,'3, CuNiS'4,
Cu,SnS, 'S, etc.

In the present research work, FeCuS,, ZnCuS, thin films
were deposited using chemical bath deposition method with
the influence of complexing agents EDTA and Leishman’s
stain. Structural, surface morphology and optical investiga-
tions of the prepared thin films were carried out. With these
investigations the prepared thin films are considered as a
suitable material for solar cell applications.

Experimental
Preparation of thin films:

All the chemicals used for the deposition were analytical
grade and all the solutions were prepared in deionized water
(Alpha-Q Millipore). The FeCuS, and ZnCusS, thin film was
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prepared from bath using aqueous solution of ferrous sul-
phate, copper sulphate, zinc sulphate and sodium sulphide.
The microscopic glass was used as the substrate for the
chemical bath deposition of the thin film. Before chemical
bath deposition, the glass was degreased with acetone for
10 min and the ultrasonically cleaned with distilled water for
10 min and dried in desiccator.

The FeCusS, thin film deposit were carried out room tem-
perature by using following procedure 20 ml FeSO, (0.05 M)
was taken in 100 ml beaker and 20 ml CuSQO, (0.05 M) was
mixed in it with constant stirring and also 10 ml of (0.1 M)
Na,S was also added along with constant stirring with using
magnetic stirrer. The CuZnS, thin film deposition was done
atroom temperature by the procedure of 20 ml ZnSO, (0.05
M) was taken in 100 ml beaker and 20 ml CuSO, (0.05 M)
was thoroughly mixed with constant stirring and also 10 ml
of (0.1 M) Na,S was also added and magnetic stirring was
performed. The clean glass substrate was immersed verti-
cally in to the beaker for 120 (min) without disturbing. The
deposition was carried out using various complex agent 5
drops EDTA and 5 drops Leishman’s stain in a separate 100
ml beaker. After completion of films deposition, the depos-
ited films were washed distilled water and dried in air for
further characterization.

Materials characterisation:

The structural characterization of FeCuS, thin films de-
posited on glass substrates was carried out by analysing the
XRD patterns which were obtained using Ultima3 theta-theta
gonio X-ray diffractometer with Cu-Kot radiation (A = 1.5406
A) with a scan rate of 4° min~" from 26 ~20° to 60°. For
surface morphology studies of the film deposited on glass
substrate, scanning electron microscopy technique was used.
The films were loaded in the sample holder of VEGA3
TESCAN unit for SEM analysis. Optical absorption studies
were carried out using a UV-VIS-NIR spectrophotometer
(Agilent Ultraviolet Spectrum) in the wavelength range of
300-900 nm.

Results and discussion
XRD analysis:

The deposited films were analysed for X-ray diffraction
studies using Cu-Ko: radiation (A = 0.15406 nm) to under-
stand the crystalline nature of the films.

Fig. 1 shows the X-ray diffraction patterns of the as grown
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film FeCuS, with EDTA added and FeCuS, added with
Leshiman stain. The XRD patterns are having characteristic
peaks at 20 = 25.36°, 32.93°, 37.08°, 41.95°, 46.13°, 49.36°.
No added impurities were found®. Al the diffraction peaks
are well agreement with the JCPDS standard file number:
24-0365 having cubic structure. The lattice constants for
FeCuS, with EDTAadded and FeCuS, added with Leshiman
stain are 5.606 A and 5.608 A respectively.

Fig. 2 shows the X-ray diffraction patterns of the as de-
posited thin films CuZnS,, CuZnS, with EDTA added and
CuZn$, added with Leishman stain. The XRD patterns are
having peaks at 26 = 22.05°, 23.50°, 29.06°, 30.99°, 31.88°,
52.01°. No impurities were observed'®. All the diffraction
peaks are well agreement with the JCPDS standard file num-
ber: 65-7736 for CuS and 65-5476 for ZnS with cubic struc-
ture.
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The crystallite size (D) of the FeCuS, that were formed
in the film during deposition are calculated from the diffrac-
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tion peaks. Average crystallite size (D) has been estimated
by using Scherrer formula'217,

0.9xA
b= ([3 cos ej ()
where A is the wave length of X-rays (0.1541 nm), B is FWHM

(full width at half maximum), ‘0’ is the diffraction angle and
‘D’ is crystallite size.

The broad nature of the diffraction peaks at 26 = 25.36
clearly indicates that the crystallite size of the samples is the
order of 5.56 nm and 6.21 nm for FeCuS, with EDTA added
and FeCuS, added with Leshiman stain respectively. From
the XRD patterns, it is clearly suggested that the reflection
peaks are in phases of nature, thus the film deposited is in
polycrystalline nature.

The broad nature of the obtained diffraction peaks sug-
gest the crystallite size of the samples is of the order of 5.55
nm, 5.86 nm and 6.21 nm for for CuZnS,, CuZnS, with EDTA
added and CuZnS, with Leishman stain respectively. From
the XRD patterns, it is clearly indicates that the diffraction
peaks are in phases of nature.
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SEM analysis:

Scanning electron microscopy is a good method for study-
ing microstructure of thin films. The microstructure of FeCuS,
films without complexing agent, with EDTA added and with
Leishman stain added is shown in Fig. 3(a), 3(b) and 3(c)
respectively. The thin film deposition process on a glass sub-
strate relies mainly on the formation of nucleation sites and
subsequent growth of thin films. It is observed from SEM
micrograph studies that the as-deposited FeCuS, films are
homogeneous, without pinholes, without cracks, and are well
covered uniform coating to the substrates'8. From Fig. 3(a-
¢) SEM micrographs, it is seen clearly that the iron copper
sulfide deposits for all the complexing agent. Each unithas a
non-porous structure. The increased grains are formed in
the surface morphology with the varying complexing agents®.
However, the pinholes of the thin film are reduced on sur-
face; this may be due to the influence of EDTA.

The microstructure of CuZnS, films without complexing
agent, with EDTA added and with Leishman stain is depicted
in Fig. 4(a), 4(b) and 4(c) respectively. It is understood from
SEM studies that the as-deposited CuZnS, films are highly

BAVHEN  SowhentiE  ben DniET
WO MO g LMEY Trma 20

i

42



Anuja et al.: Effect of complexing agent: Comparative study of copper based ternary thin films by chemical bath etc.

uniform, without pinholes and cracks, and are having uni-
form coating to the substrates'®.

Optical analysis:

The optical properties of the FeCuS, thin films are ob-
tained from Fig. 5 for FeCuS, films without complexing agent,
with EDTA added and with Lesihman stain added respec-
tively. Absorbance spectral measurements are in the range
of 300 to 800 nm as obtained from the UV-Vis spectropho-
tometer. As the wavelength increases, the absorbance pos-
sess a maximum at 305 nm for FeCuS, films without
complexing agent, 296 nm for FeCuS, with EDTAadded and
288 nm for FeCuS, films with Lesihman stain added. Ab-
sorption edge shifted towards lower wavelength side with
varying complexing agentsZ’.
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From Fig. 6 for CuZnS, films without complexing agent,
with EDTA added and with the addition of Leishman stain
respectively. The absorbance spectral measurements are
given in the range of 250 to 900 nm as available from the
UV-Vis spectrophotometer. As the wavelength increases, the
absorbance shows a maximum at 298 nm for CuznS, films
without complexing agent, 295 nm for CuZnS, with the addi-
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tion of EDTA and 293 nm for CuZnS, films with Lesihman
stain. Absorption edge is getting shifted towards lower wave-
length with the different complexing agents'”. The UV re-
gion is possesses high absorbance properties which shows
that the present material could be used as a window for pho-
tovoltaic cells.

Conclusion

Thin films of copper iron sulfide (FeCuS,) were prepared
using without complexing agents and with EDTA and
Leishman stain as complexing agents by chemical bath depo-
sition method. XRD analysis suggests crystalline nature of
the films without any impurities. Also, the XRD pattern sug-
gests that the crystalline nature is primitive cubic phases.
The SEM image shows the uniform coating without pin holes
and larger particle structure of the thin films which reveals
that the surface morphology of the films is highly influenced
by the complexing agent. From the AFM results, it was un-
derstood that the average grain size and roughness values
were observed clearly in the dimensions of nanometres. The
UV-Vis spectral studies enumerated the influence of
complexing agent on the absorbance. The material can be
used as direct semiconductor and the values of band gap
energy are in the range of 3.57-3.85 eV applications.

Thin films of copper zinc sulfide (CuZnS,) were depos-
ited without complexing agents and with EDTA and Leishman
stain by chemical bath deposition method. XRD patterns
suggest crystalline nature of the films with cubic phases and
with no impurities. SEM image depicts the highly uniform
coating and higher particle structure of the thin films. Also,
the surface morphology of the films is greatly dominated by
the complexing agent. From the topographical studies, it is
known that the average grain size and roughness values were
clearly observed. The UV-Vis studies illustrate the effect of
complexing agents on the optical absorbance. The present
material could be used as direct semiconductor and the val-
ues of band gap are in the range of 3.92—4.21 eV.
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