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INTRODUCTION

At present in the sphere of electro-optic technology, metal
chalcogenide nanocrystalline solid thin film materials have
started a new research field. Controlling the size and size distri-
bution of semiconductor nanocrystallites is crucial in both basic
and certain uses in photo electrochemical (PEC) and photo-
voltaic (PV) cells, dry electrodes for batteries, gas sensors,
catalytic activity, laser applications and they are also frequently
employed as a dry lubricant in electrical devices, which has
sparked an interest in technological study [1-7]. These are shown
as well as a variety of additional uses [8,9] as photocatalysts
for dye degradation [10] and water splitting [11]. Chemical
stability, a large energy band gap and controlled electrical
characteristics are the key reasons for this [12]. The crystals
were often loose and the films were often separated from the
substrate [13].
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Metal chalcogenide thin films can be made in a variety of
ways, but chemical bath deposition is appealing since it
requires simple and inexpensive machinery and scalable [14-
18]. Because of their tunable structural and optical properties,
diodes, solar selective coatings [19,20] and solar cell fabri-
cation [21-24] are gaining popularity. Metal chalcogenide is a
n-type semiconductor in the III-VI group of elements. It exists
in various crystallographic phases depending on the synthesis,
temperature and pressure and among these stages are: β-metal
chalcogenide is the majority stable phase at room temperature
[25]. The deposition of securely connected tightly packed
nanocrystalline CrS sheets with tunable electrical, optical and
physical properties for use in solar cells. As a result, an attempt
is made in present study to deposit CrS layers employing tris-
(diethyldithiocarbamato)chromium(III) as chromium precursor
and acetic acid as a new complexing agent. The chemical and
physical properties of the layers were examined after produced
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by altering the composition. Moreover, the chemical deposition
parameters affect carrier concentration, mobility and film thick-
ness were also examined by altering the composition.

EXPERIMENTAL

The chemicals used in this study were tris(diethyldithio-
carbamato)chromium(III), glacial acetic acid, HCl, ITO-coated
glass, ruthenium dye, Punica granatum (pomegranate) fruit
extract, deionized and ethanol. All the chemicals were procured
from Sigma-Aldrich and used as such. Throughout the studies,
glassware that had been cleansed with chromic acid and then
carefully washed with distilled water.

The CrS was synthesized as thin films by chemical bath
deposition technique (CBD) at different temperatures is a way
of analyzing thin films. The precursor solutions were made by
dissolving an accurate amount of tris(diethyldithiocarbamato)-
chromium(III) in deionizer water, 3 drops of glacial acetic
acid dissolved in ethanol in order to prevent precipitation and
then added the optimized amount of HCl. It regulates pH levels
between 1 and 4. The substrates were inserted vertically into
the aqueous solution bath which was mounted on a heated
magnetic agitator which controlled the solution’s temperature
and homogeneity. The CrS thin films were developed at bath
temperatures of 30, 60 and 90 ºC for 120 min at a constant
deposition time. After deposition, the thin films were cleaned
in an ultrasonic bath for 10 min with deionized water. After
deposition, the samples were allowed to cool naturally to room
temperature. To determine the phases in films, XRD analysis
was used. The study analyzed the morphological analysis, optical
transmission and band gaps of several materials at different
temperatures of 30, 60 and 90 ºC.

Characterization: An X-ray diffractometer (Bruker AXS
D8) was used to investigate the structural characteristics of
the materials utilizing CuKα radiation of wavelength 1.5405
Å as the source. Properties of light A Varian Carry 5000 UV-
Vis-NIR spectrophotometer was used to measure optical para-
meters such as absorption and transmission spectra in the 200-
2000 nm region. A Carl Zeiss EVO MA 15 scanning electron
microscope was used to examine the surface morphology and
grain size of the films.

RESULTS AND DISCUSSION

SEM studies: The grains were homogeneously distributed
as the formed film surface was made up of small particles
which cover the whole uniform distribution. The cubic crystal
roughness in the region of 10 µm is shown in Fig. 1a. The EDS
spectrum presence of Cr and S in CrS thin films is shown in
Fig. 1b.

HR-TEM studies: Transmission electron microscopy
(TEM) images of the samples results in mean diameters of the
CrS of 20 nm. At 90 °C, the film contaied a nano bundle hexa-
gonal shaped structure (Fig. 2a). The number of diffraction
strong rings was visible in the SAED-selected area electron
diffraction sequence, which correlates with different crystal
planes of the polycrystalline nature of thin film (Fig. 2b-c).
Fig. 2d represents an 3D surface image of thin film structure
whereas, Fig. 2e shows the average particle size was 228.1
nm. The individual particle as shown in Fig. 2a revealed that
most of the particles are elongated. However, a slight aggrega-
tion of particles has been observed in pure samples of thin film.
It is observed that inspite of the agglomeration of nanoparticles,
they contain a narrow size distribution.

Structural properties: Fig. 3a-c show the film’s charac-
teristic nature with the heterogeneous phases. The thin film
correlates to the configurations of (002), (130), (110), (332)
and (220) and refers to cubic structure of chromium sulfide as
per standard JCPDS data card no. [81-0105, 73-0844]. The
XRD peak results likely same d-value of orientation at 30 ºC
(Fig. 3a) where a very lowest peak appear,  at 60 ºC, a lowest
sharp peak appear (Fig. 3b), while at 90 ºC (Fig. 3c), a highest
sharp peak appeared from the same θ value of thin films.
According to Debye Scherrer’s calculation for CrS thin films
at 30, 60 and 90 ºC, the grain size was 23, 21 and 17 nm,
respectively. The reduction in crystallite size in thin films at
high temperature is due to an increase in the nucleation region
density.

Optical studies: The optical properties of the CrS thin
films in the optical and near-infrared regions in the wavelength
range of 300-1200 nm exhibit good transmission. Due to the
obvious irregularity of the films, average transmittance was
expanded significantly to 90% on 30 ºC thin film with an incre-
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Fig. 1. HR-SEM analysis (a) SEM image of CrS thin film and (b) EDS analysis
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Fig. 2. HR-TEM analysis of (a) image InS thin film, (b) SAED pattern, (c)
Plot profile, (d) interactive 3D-surface plot spectrum and (e) size in
a specific area figure that has been emphasised (a) a really thin film
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Fig. 3. XRD spectra of the CrS thin films grown at various bath
temperatures (a) 30 ºC, (b) 60 ºC and (c) 90 ºC by chromium sulfide
thin films

asing bath temperature of 90 ºC, indicating excellent trans-
mittance (Fig. 4a-c). The strength of the films may be results
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Fig. 4. Transmittance at various bath temperatures (a) 30 °C, (b) 60 °C
and (c) 90 °C by chromium sulfide thin films

in the improvement in transmittance. A high degree of trans-
parency is linked to structural homogeneity and polycrystalline
structure. As a result, the thin film prepared at 90 ºC is appro-
priate for clear conductive films. The film’s greater transp-
arency in the visible range indicates its possible use in solar
technology applications than that of lower temperature CrS
thin film [18]. The relative amid the combination coefficients
-αhν and photon energy –hν for direct transition

αhν = A(hν - Eg)n

while A is a constant; Eg is the band gap frequency and denotes
the quantity which affects the quality of the transition for direct
and indirect transitions correspondingly for 1/2 and 2. Fig.
5a-c illustrates typical (hν)2 against hν plots. The increased
carrier temperature causes the optical band gap to shrink to
2.2-2.378 eV with increasing high temperature film content.
Similar results were observed when the novelist claims that
rising mover focus causes band shrinkage and shifts in optical
band gaps [26]. The reduction in band gap of 90 ºC (CrS) thin
films compared to 60 ºC and 30 ºC (CrS) thin films is due to
changes in film solidity and grain extent.
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Fig. 5. (αhν)2 versus photon energy of plots; chromium sulfide thin films
grown various bath temperatures (a) 30 ºC, (b) 60 ºC and (c) 90 ºC
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Extinction coefficient: In the characterization using the
relationship between refractive directory is computed for

various wavelengths is calculated by 
1/2
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n
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+=
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. In this study,

the rise in reflectance with rising temperatures could be linked
to an increase in the clean compactness of the films, which lowers
the temperature component of the films. As the temperature
rises, the average value of the refractive index of CrS thin film
prepared at 90 ºC decreases (Fig. 6a-c). It is possible that the
film’s optical density has been decreased as a result of the high
temperature thin coating.
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Fig. 6. Extinction coefficient of grown various bath temperatures (a) 30 ºC,
(b) 60 ºC and (c) 90 ºC of chromium sulfide thin films

Photoluminescence: The CrS films have two emission
signals at ambient temperature, one centred between 2.2-
2.3782 eV and the other at 2.4 eV. The green fluorescence
(2.2-2.3782 eV) could be due to chromium interstial sites. The
CrS samples are red-shifted in relation to the substrate emission
the CrS thin film at prepared at 30 ºC exhibited the emission
at 2.2 eV, the CrS thin film at prepared at 60 ºC has the signal
centred at 2.3 eV, while the CrS thin film at prepared at 90 ºC
has the signal centred at 2.2 eV (Fig. 7a-c). A decrease in the
band gap energy increases the intensity of CrS thin film prep-
ared at high temperature (90 ºC) results in the improvement
of crystallinity [27].

Photovoltaic applications

Synthetic dye based DSSCs: The chromium sulfide acts
as a photo electrode and is deposited on FTO-plate glass at
temperatures ranging from 30 to 90 ºC. Thin films containing
synthetic dye (ruthenium dye, 535-bisTBA, N719) were used
to make the solar cell. The CrS thin film prepared at 90 ºC
using dye as a sensitizer exhibits the greatest values of Jsc (22.5
mA/cm2 (Fig. 8a-c), open-circuit voltage Voc (500 mV), fill
factor FF (0.94) and productivity g (1.7%) as compared to
CrS (a) 30 ºC and (b) 60 ºC thin film Jsc (15.9 and 17 mA/cm
[28,29].
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Fig. 7. Photoluminescence of grown various bath temperatures (a) 30 ºC,
(b) 60 ºC and (c) 90 ºC of chromium sulfide thin films
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Fig. 8. Current density voltage [J-V] curves for the DSSC’s fabricated from
(a) CrS- 30 ºC film coated GCE, (b) CrS- 60 ºC film GCE and (c)
(b) CrS- 90 ºC film GCE by synthetic dye

Natural dye based DSSCs: Chromium sulfide acts as a
photo-electrode and is deposited on FTO-plate glass at temp-
eratures ranging from grown at various bath temperatures by
CrS thin films containing natural dye for Punica granatum
(pomegranate) fruit extract form was employed to make the
solar cell. The CrS thin film prepared at 90 ºC using natural
dye as a sensitizer exhibit the greatest values of Jsc (28.0 mA/
cm2), Voc (500 mV), fill factor, FF (0.94) and productivity, g
(1.7%) that of CrS (a) 30 ºC and (b) 60 ºC thin film Jsc (23.8 and
25 mA/cm2) (Fig. 9a-c) [30]. As a result, natural dye sensitized
solar cells (DSSCs) in CrS thin film prepared at 90 ºC, Jsc (28.0
mA/cm2) produced a larger voltage in the short circuit as com-
pared to synthetic dye sensitized solar cells (DSSCs) using
CrS thin film Jsc (22.5 mA/cm2).
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Fig. 9. Current density voltage [J-V] curves for the DSSC’s fabricated from
(a) CrS- 30 ºC film coated GCE, (b) CrS- 60 ºC film GCE and (c)
(b) CrS- 90 ºC film GCE by natural dye

Conclusion

The structural and optical properties of chemically deposited
chromium sulfide thin films were deposited on acetic acid
substrates by chemical bath deposition at different temperatures
30-90 ºC. The characterization of SEM and HRTEM The study
of the films also distributed roughness and nano bundle hexa-
gonal shaped structures and the number of diffraction strong
rings were visible in the SAED-pattern correlates as different
crystal planes of polycrystalline nature. The EDS spectrum
results confirmed the presence of thin film percent. The XRD
results show that the reduction in crystallite size in thin films
at high temperatures is due to an increase in nucleation region
density. The chromium sulfide films grown at CrS-60 ºC and
CrS-90 ºC have the highest transmittance in the visible region;
between 82% and 90%. This makes CrS films grown by chemical
bath deposition at 90 ºC potentially reliable for flexible photo-
voltaic applications. It can be established that natural dye
sensitized solar cells (DSSCs) have a higher current generated
in the shat circuit than synthesized dye sensitized solar cells
for photovoltaic applications, respectively.
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