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Abstract: Biphasic nanocomposites consisting of tin oxide (SnO) are of great interest to the research community due to
their potential use in various optoelectronic devices. In this paper, SnO and SnO/Zn nanostructures were explored using
spray pyrolysis techniques. Diffractometric and spectrometric methods were employed to examine the optical
characteristics and elemental composition of the deposited thin films. The XRD data showed that the deposited thin films
were polycrystalline. The diffractograms of biphasic films of SnO/ZnS showed lower intensity compared to uncoated SnO
samples, regardless of the substrate temperature. The absorbance of SnO thin films varied between 0.10 and 0.7 at different
substrate temperatures, while the absorbance of biphasic films of SnO/ZnS changed depending on the substrate
temperature. The reflectance spectra of SnO films showed fluctuations between maxima and minima, whereas biphasic
films had low reflectance. The band gap of biphasic films was between 1.30 eV and 1.10 eV for different substrate
temperatures, indicating their suitability for use due to the rise in SnO/ZnS bandgap. The extinction coefficient (k) of SnO
films increased with increasing substrate temperature, while biphasic films showed a significant reduction in magnitude,
irrespective of the substrate temperature. The refractive index of the film samples was generally low, regardless of the
substrate temperature. The study discussed the potential applications of the thin films and found good agreement with
experimental data.

Key Words: Tin Oxide, SnO/ZnS, transmittance, reflectance, refractive index(n), absorbance, band gap (Eg) , Spray
pyrolysis technique and XRD

biphasic structured materials. As a result, we would be able
to create thin films that combine the special qualities of
transition metals and tin oxide, making them viable
materials for window layers in heterojunction/CIGS solar
cells, photonic devices, and other applications. The study of
oxide thin-film materials has drawn a lot of attention as one

1 Introduction

Due of their practical applications in numerous fields,
biphasic nanostructured materials on a nanoscale scale have

attracted the attention of many researchers in recent years.
These components exhibit unique properties arising from
the combination of SnO and coating materials in their
geometric or designed form [1,2].

More specifically, they have been created so that the
coating material can increase the SnO-structured material's
oxidation stability, thermal stability, or surface reactivity.
The coating materials are significant because they have the
potential to affect the charge, functionality, and
dispersiveness of SnO structured materials [3,4]. The
researchers were interested in depositing SnO/TMC-type

of the most alluring areas of study for physicists and
material scientists. Many applications in semiconductor
devices, such as optoelectronic and solar energy devices,
have continued to draw significant attention to the research
of tin oxide thin films coated with transition metal
chalcogenides in various substrates.

Tin oxide's growth resistance on a variety of substrates
depends on the development of a compact, adherent passive
oxide coating [5-7]. As a result, the fabrication of a wide
variety of electronic devices in modern industry typically
uses thin films of various metal oxides. They are used in
electronic devices as fundamental components for a variety
of purposes, including optical devices for UV-visible
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spectral area applications, colored layers, solar
cells/collectors, automotive parts, barriers, and insulating
layers. Regarding performance and durability, these
applications offer special advantages [8—10]. Therefore, this
research work is focused on the synthesis of a novel
approach of fabricating tin oxide (SnO) nanostructures thin
film for industrial applications. These composite thin films
deposited were characterized to ascertain their structure,
optical and solid state properties for possible application in
engineering, science and technology.

2 Experimental details

2.1. Materials used.

The materials used are; soda lime glass substrates, synthetic
foam, beakers, thermometer, digital (PH meter) type
(Inolab PH720), automatic magnetic stirrer, distilled water,
Thiorea (SC(NH2))2, aqueous ammonia (NH4OH),
ammonia (NH3), tin oxide (SnO), zinc chloride (ZnCl2)
acetone, and other source materials that are deemed
necessary. All the source chemicals used for the deposition
of the SnO thin films and the doped films were of analytical
grade, obtained from Testbourne Chemical Limited, and
Sigma Aldrich, all from UK through local suppliers.

2.2. Substrate preparation

The Microscopic glass slide or substrate of area 26 mm x
76mm, the thickness of 1.0 mm,and refractive index of 1.52
were used and thoroughly washed using detergent and
distilled water. The washed slide was soaked in methanol
for 1 hour and rinsed in distilled water, after which the
slides were then oven-dried at a temperature of 60 0C. The
degreased and cleaned surfaces of substrate enhance better
nucleation of thin films growth.

2.3. Synthesis of SnO and SnO/ZnS thin films

The same growth conditions were used to prepare both
SnO and SnO/ZnS simultaneously. Initially, 40 ml of 0.1 M
solutions of zinc chloride (ZnCl2), sodium hydroxide
(NaOH), and thiourea (NH2CSNH?2) in a ratio of 5:5 and 4
drops of ammonia (NH3) solution were combined in a
beaker to create zinc sulphide (ZnS). In order to improve
the mixture, a magnetic stirrer was used for 30 minutes to
create a homogeneous solution. Following stirring, 10 ml
was measured out using a pump syringe into a sample
bottle that was positioned on nozzle value and sprayed on a
heated substrate/slide of SnO films that had already been
deposited at 100 oC temperature. At 150 oC and 200 oC,
respectively, these were repeated for two separate 10 ml of
the solution. The following characteristics were measured
during the deposition process: substrate temperature,
deposition time, nozzle air pressure, deposition angle,
deposition distance, and height. The most crucial element in
the deposition of SnO (core) thin-films and SnO/ZnS
biphasic thin films was the substrate temperature. This is
because  droplet  drying,  breakdown  processes,

crystallization, and thin-film formation are all influenced by
the substrate temperature.

2.4. Determinations of film thickness

The behavior of the majority of semiconductor thin film
materials is largely determined by one of the fundamental
and important characteristics, film thickness. The software
Sem.Afore 5.2.1 was used in this investigation to determine
the film thickness.

2.5 Characterization methods

X-ray A DW-XRD-Y3000 Model was used to carry out the
difraction on the thin films, and the crystal structures of the
films were identified from the XRD peaks. For comparative
purposes, the XRD was conducted on each sample using a
continuous scan mode with a 2=100-700 scanning range.
Using an Agilant Technologies Cary 60 UV-Vis
spectrometer with an 800 to 300 nm wavelength range, the
optical characteristics of the thin films were measured. The
baseline was adjusted for all of the spectral data.

3 Results
3.1 X-ray diffraction (XRD) analysis

The X-ray diffraction (XRD) method was used to examine the
structure of the SnO thin films. The diffraction spectra were
measured at angle 20 (scanning the diffraction angle from 0 to
900 deepens with CUK radiation A = 1.54060 nm). Figures 1A
to 1B display the deposited films' XRD patterns. As-deposited
in Figure 1A, SnO thin films with somewhat different
thicknesses were put to glass at varied substrate temperatures.
Peak broadening, which was employed to ascertain the
bandgap energy, captured the diffraction pattern of the
crystalline thin films in accordance with the findings of the
optical properties as shown in the graph. The peak broadening
caused by the quantum size effect might be attributed to a
phase transition that took place in a deposition at substrate
temperatures of 100°C, 150°C, and 200°C. Another
explanation for the peak broadening is the high melting point
of tin and the fact that the thin films were not completely
oxidized at these deposition temperatures (2320C). The inter-
planar distance, or d, is measured using XRD patterns with
distinct diffraction peaks that represent the (111), (200), and
(101) lattice planes. These patterns imply that the substrate
temperature maxima are increasing [19]. Peak broadening in
the crystalline films is shown in the XRD pattern of SnO/ZnS
films that were formed on various substrate temperatures. The
research showed that the SnO/ZnS films are polycrystalline in
nature. With low reflection peaks at (110), (114), and (105)
planes, the observed diffraction peaks at 20 values of 37.60,
200, and 350, respectively, correspond to (101), (112), and
(211) planes. The interface between the SnO and ZnS atoms in
the lattice of SnO/ZnS and the non-uniformity in the
evaporation process during the time of deposition may be
responsible for the observed variation difference of the peaks.
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Fig. 1: XRD pattern of: (A) as-deposited SnO

3.2 UV-Vis spectral Analysis

The experimental results from these studies, which
included measurements of absorbance, transmittance,
reflectance, refractive index, extinction coefficient,
and bandgap at different substrate temperatures, are
shown in Figures 1 to 6. The UV-visible transmittance
spectrum for SnO thin films and SnO/ZnS biphasic
thin films, both of which were created at different
substrate temperatures, is displayed in Figures 2A and
B. All SnO thin films and biphasic thin films have
high transmittance (> 95%) in the visible region of the
solar spectrum, as can be seen in the illustration. All
prepared SnO thin films and all biphasic films have
relatively high transmission, however the transmission
band edge is where it abruptly drops off. This is
explained by the excellent homogeneity of the thin
films created during the deposition. Similar
preparations have been documented in recent research
using CuS core-shell [14-17].

At different substrate temperatures, as depicted in Fig.
3 (A-B), the absorbance of SnO and SnO/ZnS lowers
by around 300-350 nm, increases by 350-500 nm,
and then decreases by 500-900 nm. This might have
occurred because the thin film's wavelength was
reduced as a result of the substrates' homogeneous
absorption of the generated oxide layer. The SnO/ZnS
composite's average absorption was lower than that of
the core SnO, though. This demonstrates that the
absorbance spectrum of the SnO (core) thin film was
changed during the development of the SnO/ ZnS
composites. Moreover, SnO. TMCs (SnO/ZnS)
composites from the plot showed that they absorbed
more successfully in the visible region compared to
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and (B) SnO/ZnS thin film

other regions. Due to these characteristics, the films
can be employed as coating materials for anti-
reflective, eyeglass, and solar.

For the SnO and SnO/ZnS biphasic thin films formed
in this investigation, Fig. 4(A-B) shows a plot of
reflectance against wavelength. The reflectance of the
entire SnO thin film was between 300 and 350 nm in
the visible area. From there, the reflectance decreased
sharply between 350 and 500 nm, then gradually
between 500 and 900 nm. The reflectance of the
biphasic thin film is seen from the figures. This results
in a sudden decrease in reflectance and a subsequent
sharp increase in wavelength. At 500 nm of
wavelength, the rate of reflectance growth was highly
rapid before slowing down later. This proved that the
synthesis of biphasic SnO/ZnS composites had
significantly altered the reflectance of the spectra of
the SnO component. The biphasic thin films had the
lowest reflectance value, 20%, while the core SnO
thin film had the highest recorded reflectance value of
> 96%. A reflectance rating of less than 20% is ideal
for sola control glazing to avoid glare problems. They
can be employed as temperature control coatings and
antireflection coatings because of their outstanding
transparency over the whole visible spectrum.

The biphasic SnO/TMC thin films' low reflectance
may have been caused by high transmittance and a
high refractive index. [22-24].Figure 5 depicts the
refractive index as a function of photon energy for
both the biphasic SnO/ZnS thin films and the
deposited SnO thin films. The SnO thin film's
maximum refractive index, which is about 1.22, is
remarkably similar to what was discovered by [25].
The graphs demonstrate that when SnO thin films are
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coated with ZnS, which affects the refractive index,
the refractive index value of the biphasic thin films
increases by 1.44. From the figure, we inferred that,
with the exception of a place where the refractive
index rises as photon energy rises, the refractive index
value of biphasic thin films tends to fall as photon
energy rises. The thin-film oxide was responsible for
the substrate's highest performance, which was seen.

Figure 6 depicts the relationship between the
extinction coefficient and photon energy for biphasic
and thin SnO films formed at various substrate
temperatures. We noticed a steady rise in the K value
as we approached greater photon energies. The plot
shows that when substrate temperatures rise, the
extinction coefficient falls. The outcomes showed that
homogeneity was taking place and that biphasic thin
films were evenly dispersed on the SnO thin film.
This agrees with the findings of [26,29].

Figure 7 illustrates the relationship between the
absorption coefficient and photon energy (hv) for thin
films made of SnO and SnO/ZnS. (A-B). By
extrapolating the linear component of the curve to the
point of zero absorption coefficient from this
relationship, the optical band gap may be calculated.
At substrate temperatures of 100 oC, 150 oC, and 200
oC, the plot shows that the band gaps for the SnO thin

film are, respectively, 2.00 eV, 2.10 eV, and 2.20 eV.
The energy bandgap of SnO thin films displayed a
blue shift as the substrate temperature increased. The
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increase in crystalline size at substrate temperatures of
100 °C, 150 °C, and 200 °C, respectively, could
account for this. According to [21,30], as the substrate
temperature rises, the optical bandgap widens.The
energy bandgap of the biphasic SnO/ZnS composites
has a minor advantage over that of SnO, according to
as-deposited SnO thin films (Fig. 7B). This is
evidence that the combination of SnO and ZnS
components to create a SnO/ZnS biphasic composite
configuration (heterojunction) modified the SnO with
the intriguing synergetic properties offered by the
composites, shifting the fundamental absorption edge
towards longer wavelength and resulting in a smaller
bandgap.

This offers the bandgap's tuning impact for a
particular application. According to the graph, the
examined SnO/ZnS thin films' optical bandgap had a
redshift after biphasic production, with energy
bandgap values falling from 13.0 eV, 1.20 eV, and
1.10 eV. These films are perfect for use as a window
layer in heterojunction solar cells, CIGS solar cells,
photonic devices, photovoltaic solar cells, and other
applications because of the bandgap energy they
exhibit [17,18,21]. Figures 2-7 (A and B) show the
observed discontinuities in the plotted graphs, which
may be caused by quantum size effects [31-25]
associated with the phase transition that results in a
deposition at substrate temperatures of 100°C, 150°C,
and 200°C [3,2].
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Fig. 2: Plot of transmittance against wavelength for : (A) as-deposited SnO thin film and (B) SnO/ZnS Thin film.
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Fig. 3: Plot of absorbance against wavelength for : (A) as-deposited SnO thin film and (B) SnO/ZnS Thin film
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Fig. 4: Plot of reflectance against wavelength for : (A) as-deposited SnO thin film and (B) SnO/ZnS Thin film.
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In conclusion, we have given a thorough investigation of
the synthesis of the thin filme on the structural and optical
characteristics of SnO/ZnS by spray pyrolysis. The
optimum results for spray pyrolysis deposition of SnO/ZnS
films, for solar control applications, were established. Tin
oxide (SnO) thin films and biphasic nanostructured
composites in the form of SnO/ZnS have been effectively
deposited on glass substrates using spray pyrolysis
deposition techniques at temperatures of 100 °C, 150 °C,
and 200 °C. The findings shown that SnO thin films and
biphasic composites (SnO/TMCs) exhibit > 90% UV-
region transmittance. These characteristics make the

composite materials valuable in a variety of applications,
including photonics, photocatalysts, UV-photodetectors or
sensors (UV light sensors/detectors), and photonics. The
biphasic composite thin films' absorbance spectra revealed
that they did so better in the visible range than in other
regions. Due to these characteristics, the films have
potential uses in coating materials, anti-reflection coating
and sun control, coating eyeglasses, and the creation of
solar cells.
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