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Abstract: Nanocrystalline CsPbBr3 and CsPbBr3 phosphor layers were
successfully deposited onto monodisperse, spherical, and non-aggregated
SiO2 particles using an aqueous synthesis method. This process led to the
formation of SiO2@CsPbBr3 thin-film structured materials. The
structural, morphological, and optical properties of the resulting materials
were systematically investigated through X-ray diffraction (XRD),
scanning electron microscopy (SEM), photoluminescence (PL)
spectroscopy, and UV-visible absorption spectroscopy. XRD results
confirmed the successful coating of CsPbBr3 layers on the SiO- surfaces,
this finding further verified by SEM images. The photoluminescence
spectra revealed that the SiO2@CsPbBr3 thin film materials exhibited a
prominent green emission band, with maximum at 507 nm, indicating their
potential in optoelectronic and photonic applications.
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1. Introduction

A chemical compounds which are structurally similar to the mineral perovskite CaTiOzare numerous
and this class of compounds is known as perovskite. The ideal structure of perovskite is ABX3 having a
BXe corner-sharing octahedra while 12-fold coordination A cation formed a cube of eight such
octahedrons formed perfect structure. This class of crystalline structures was paid more attention
recently because of a large number of elements that can occupy the A, B and X sites, which result in a
very wide variety of physical properties. Notwithstanding the fact that perovskite class of compounds
have been well known for number of decades [1], the recent progress in the synthesis of lead-based
hybrid organic—inorganic perovskites and their application in the variety of optoelectronics devices [2]
has been attracted scientific community largely. An organic cation in A site, an inorganic cation
(commonly Pb?*) in B site and a halide in X site makes hybrid perovskite, which is innovative materials
for many applications [3-5], especially related to solar energy conversion and the fabrication of diodes,
lasers, light-emitting diodes (LEDs), and many others [5-7]. Their good capability of adsorbing light,
long diffusion length of charge carriers, and tunable band gap, are their main advantages with respect to
traditional materials. In spite of their high efficiency, there are some drawbacks, the most important of
which is the lack of chemical and structural stability [8-10].

An exposure of moisture [11], ultraviolet (UV) irradiation [9,10,12] or heat [13,14] to the organic lead
halide perovskites shows rapid degradation. The rapid degradation of organic lead halide perovskites
was observed because of instability of organic cations which undergoes hydration reaction [15,16]. A
completely inorganic lead halide perovskites have been synthetized by changing organic cations with
inorganic ones is a way to solve this issue [17]. All inorganic lead halide perovskites having larger
stability which is important for practical applications [18] but having slightly inferior optical properties
compared to organic lead halide perovskites. CsPbBrs; is one of the most studied and promising
completely inorganic perovskites because of its easy synthesis and gainful direct bandgap (2.3 V) [19].
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Two different approaches were proposed for the synthesis of thin film of CsPbBr; and other perovskite
materials via wet chemistry deposition. In one, stoichiometric amount of precursor salts is mixed
together in a one solvent and mixed solution was applied on the surface of substrate followed by
evaporation of solvent to leaving behind the perovskite deposition. While in alternative approach, the
precursors salts are dissolved in two different solvents and independently deposited on the substrate by
different methods such as spin coating, deep coating or spray coating followed by thermal treatment to
form the perovskite [7,20]. Inappropriately, these processes generally produce incoherent films
composed of tiny separated single crystals. As a result, large grain boundaries are produced which
increases the recombination rate subsequently system efficiency decreases. Deposition via melting of
both precursor salts in a quartz tube has also been proposed but this approach turned out to be not
appropriate for industrial applications [21]. Recently, new, easy, and fast process was proposed for the
deposition of thin, uniform, and chemically homogeneous perovskite films using magnetron sputtering
technology [22].

The intention of this work was to organized CsPbBr3 deposited onto silica gel coted thin film substrates
in presence of atmospheric conditions without using any sophisticated aids. This technique will be
adequate to prepare the perovskite films on any substrates such as soda lime glass, quartz glass,
polycrystalline gold, indium tin oxide (ITO) which is generally used for future application in field of
optoelectronic devices.

2. Materials and Methods

All the chemicals and reagents used in this study were purchase from Merck and used as received
without any further purification. A 1 mM solution of cesium bromide was prepared by dissolving the
appropriate amount of the salt in double distilled water under continuous magnetic stirring for 10
minutes to ensure complete dissolution. Subsequently, a 1 mM solution of lead bromide in double
distilled water was added dropwise to the cesium bromide solution while maintaining constant stirring
at a temperature of 50°C. Following the complete addition of the lead bromide solution, the resulting
mixture was continuously stirred for an additional 60 minutes. The prepared solution was then left
undisturbed at room temperature for 24 hours to allow for proper aging and stabilization. After this
period, the mixture was stirred again for 30 minutes to homogenize the contents. The final solution was
applied on the pre-cleaned silica plates using a spray-coating technique. The coated silica plates were
then dried gradually in a hot air oven under controlled conditions. Once fully dried, the prepared silica
plates were stored in a dry, dust-free environment until further use in subsequent experiments.

X-ray diffraction patterns were recorded X-ray diffractometer (XRD-Shimadzu 500) using Cu-Ka
radiation from an X-ray source, operating at 40 kV and 30 mA. The samples were characterized by
scanning electron microscopy (ZEISS Gemini SEM microscope 500) to acquire pictures for scanning
electron microscopy (SEM) images The UV-visible absorption spectra were recorded with an UV-Vis
spectrophotometer (Lablndia analytical UV-3000, LabIndia, Navi Mumbai, India). Photoluminescence
(PL) spectra were taken on a Shimadzu RF-5301 PC spectroflurophotometer, and a 450W Xe-lamp was
used as the excitation source.

3. Result and Discussion

The XRD patterns of silica gel thin film, CsPbBr; and SiO.@CsPbBr; molecule are shown in Fig. 1. It
is observed that the silica gel thin film which is generally used for thin film chromatography having
characteristics peak of amorphous SiO2 (JCPDS No. 29-0085) at broad band centered at 26 = 22.00°. No
other diffraction peak corresponding to SiO- is observed except this. In case of SiO.@CsPbBr; material
obtained shows broad band at 26 = 22.00° from amorphous SiOy, all the diffraction peaks belonging to
crystalline CsPbBrs are present, suggesting that the coatings of CsPbBr; have crystallized well on the
surfaces of amorphous silica particles. No other phase has been detected, indicating that no reaction
occurred between the SiO; support particles and thin film of CsPbBrs particle coted on. In general, the
nanocrystalline size can be estimated from the Scherrer formula using x-ray wavelength 0.154 nm [23].
Here we take diffraction data in the (100), (110), (200), (201), (211) and (202) planes to calculate the
nanocrystalline sizes of CsPbBr; particle on the surface of SiO,, and the estimated average crystallite
size is 36 nm.
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Figure 1. XRD patterns of silica gel thin film, SiO.@CsPbBr; and CsPbBr; prepared by aqueous
method.

To investigate the morphological characteristics of the synthesized samples, scanning electron
microscopy (SEM) images of the “as-prepared” SiO.@CsPbBr; material were obtained, as shown in
Fig. 2. Despite the deposition process being conducted in an aqueous environment under consistent
experimental conditions, the resulting films exhibited distinct and recognizable morphological features.
Specifically, on the silica gel thin film, the deposited CsPbBr; formed uniformly distributed nanoscale
grains covering the entire surface. This uniform distribution of nanocrystalline grains is indicative of the
effective and homogeneous coating achieved by the aqueous deposition method.
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Figure 2. SEM images of the “as-prepared” samples of SiO.@CsPbBr;

The optical properties of the synthesized SiO.@CsPbBr; films were evaluated by measuring their light
absorption behavior using UV-Visible absorption spectroscopy. These measurements provide valuable
insight into the optical response and bandgap characteristics of the material. As illustrated in Fig. 3, the
UV-Visible absorption spectrum of the SiO.@CsPbBr; composite is presented as a function of
wavelength. The observed absorption features reflect the presence of the CsPbBr; nanocrystalline layer
and its interaction with incident light, confirming the successful formation of the perovskite thin film on
the SiO; substrate.
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Figure 3. UV-Visible absorption spectra SiO,@CsPbBr; material
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In UV—Visible absorption spectra, the absorption edge is typically used to estimate the optical bandgap
of a material. In the case of the SiO.@CsPbBr; material, absorption edge was observed, corresponding
to the characteristic electronic transition of the CsPbBr; perovskite layer. Based on this absorption edge,
the optical bandgap of the SiO>@CsPbBrs; material was determined to be approximately 2.75 eV.

The photoluminescence properties of the SiO,@CsPbBr; thin-film materials were examined by using a
spectroflurophotometer to monitor the emitted light as a function of wavelength. This technique provides
important information about the optical emission behavior and electronic transitions within the material.
As shown in Fig. 4, the emission spectrum of the SiO.@CsPbBrs; material displays a distinct
photoluminescence peak, confirming the characteristic light-emitting properties of the CsPbBrs
nanocrystalline layer. The spectral profile and emission intensity further verify the successful formation
of the luminescent perovskite coating on the SiO; particles.
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Figure 4. Emission spectra SiO.@CsPbBrs material

As illustrated in Fig. 4, the SiO.@CsPbBr; thin-film material exhibits a strong photoluminescence
emission peak centered at 507 nm, corresponding to a bright green light emission. This prominent
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emission indicates the effective incorporation of the CsPbBrs; perovskite layer on the SiO; and reflects
the material’s excellent light-emitting capability. The relatively high emission intensity further
highlights the optical quality and luminescent efficiency of the synthesized material, making it a
promising candidate for applications in light-emitting and optoelectronic devices [24].

4, Conclusions

In this study, a simple, cost-effective, and environmentally friendly aqueous synthesis method
successfully developed for the uniform coating of CsPbBrs layers onto monodisperse, spherical SiO-
particles. The resulting SiO.@CsPbBr; thin-film material exhibited spherical morphology, uniform
particle size, and a narrow size distribution, demonstrating the excellent structural integrity. Under UV
excitation, these materials exhibit intense and stable green photoluminescence, confirming both the
successful deposition and optical functionality of the CsPbBr; coating. The excellent structural and
optical properties of the SiO,@CsPbBr; thin-film materials highlight their promising potential for use
in optoelectronic devices, photonic technologies, and light-emitting applications.
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