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ABSTRACT

Compare to silicon solar cells metal halide perovskite cells offer more flexibility, allowing for
the creation of lightweight and adaptable solar panels. Metal halide perovskites (MHPs) is
one of the most attractive semiconductor materials that have been studied intensively in the
past ten years for photovoltaic and other optoelectronic applications by virtue of their
excellent properties including high photon absorption, high Carrier mobility, low exciton
binding energy, tunable bandgap and simple, cheap solution processable. Metal halide
perovskites has direct bandgap. The synthesis of CsPbCls.xBrx was done by employing the
ligand-assisted reprecipitation (LARP) method at room temperature. All CsPbClsxBr
crystallized in cubic phase with Pm3m space group. The absorption and emission peak
shifted to slightly longer wavelengths with increasing bromine content and the bandgap was
found to decreased. Scanning electron microscope (SEM) images revealed uniform cubic
morphology of the sample. CsPbClz had three raman active modes and CsPbBrs had two

active modes.



CHAPTER 1: INTRODUCTION

1.1 What is Perovskites ?

Perovskites, CaTiOz which is called as calcium titanium oxide which was discovered by Gustav
Rose in the Ural Mountains of Russia in 1839 and is named after Russian mineralogist Lev
Alexeievitch Perovski. Perovskite name was given to any material, which crystalize into ABO3

structure .

o O*(Xsite)
() Ti*(Bsite)

o Ca%*(Asite)

Figure 1: Structure of CaTiO;

The perovskite formula is denoted by is ABXs, in which A cations is heavier that is bigger in size
than B atom, and X is halide or oxide which has negative charge (anion) that binds to both
cations in perovskite structure. In ideal cubic perovskite structure the B cation is situated at the

center having 6-fold coordination forming octahedron of anion (BXs), X halogen atoms are



situated at the center of each faces in perovskite, and the A cation forms 12-fold octahedral

coordination [1].

Figure 2: Structure of Halide Perovskites [11].

If A and B sites, both has an inorganic cations group then it will be called as inorganic
perovskite. By changing A with organic cations that leads to organic—inorganic hybrid materials
[2]. Perovskite materials possess many properties electronic, magnetic, and dielectric properties
depend on the crystal structure of perovskite, and to form stable perovskites it should satisfy
tolerance factor criteria structure, otherwise it will result in distorted structures. Stability of
perovskite materials are mainly determined by Electro neutrality and ionic radii .Goldschmidt
tolerance factor estimate the stability of perovskites. One of the interesting thing about
perovskite material is that they are simple to prepare and this simple methods sometimes
creates interesting chemistry and mechanisms that result in giving rise to unique properties and
applications. Hence, it is very important to choosing the correct method for the synthesis is very
important since different syntheses methods have their own special features and also important

for which compound and applications one is targeting.



1.2 HALIDE PEROVSKITES

Perovskites usually have ABOs; formula. So in case of halide perovskites the O is replaced by X
anion which forming ABXs crystal structure. In case Inorganic halide perovskite A site cations
consists of inorganic such as Cs*, Rb*, and B site with metal ion such as Pb or Sn and X with
halogen ion such as chlorine bromine and iodine [3]. In case of Organic halide perovskites the A
site is occupied by methylammonium and formamidinium [4] .Also we can have double
perovskites [5]. So by changing the halide that is chlorine bromine iodine or by changing the A
site cation optoelectronic properties may be changed which can be used to target different
application such as solar cells ,LEDs etc. By changing the halide or composition the emission can

be tuned over the entire visible spectra since the bandgap changes .

1.3 PROPERTIES

1.3.1 Structural Properties

Perovskite is name is given to material which has similar structure and chemical formula has
that of calcium titanate (CaTiOs), it was named after named after Russian mineralogist
L.A.Perovski. In CaTiOs, the Ti* metal cation is surrounded by six oxygen atom and the Ca cation
situated at the centre of the TiOs octahedral network which is formed. In case of metal halide
perovskite which has a general formula of ABX3 and forms stable cubic crystal structure , where

A is a monovalent cation, which can be organic such as methylammonium (MAY),



formamidinium, (FA*) or inorganic such as cesium, (Cs*), B is a divalent metal cation such as
lead, tin and X is a halide or cab be mixture of halides of iodide, bromide, chloride [6]. They are
bound together by ionic bonding, which allows easy fabrication at room temperature of
perovskite. The formation of stable perovskites is done using Goldschmidt tolerance factor (t)
which can also determine distortion of the crystal structure. Tolerance factor is defined as ratio

of the ionic radius of each of the components in the compound according to equation

T+ 1y

V2(rg +1%)

Where ra, rs and rx are the ionic radius of A, B and X, respectively.

t = 1 deteremines a perfect cubic structure although for metal halide perovskite it ranges from
0.9-1 to maintain a cubic structure with little bit of geometric strains and crystal distortions.
Beside this value or range different structure will be formed, such as orthorhombic, tetragonal
or hexagonal Structure. According to this rule, only few A site cation including

Cs,methylammonium (MA) and formamidinium (FA) can give rise to stable cubic phase MHP.

1.3.2 Electronic properties

The properties of perovskite oxides are mainly dependent on the B-site cations .The size of the
A cation can result in the distortion B-X bond. Therefore band structure changes by changing

the cation from MA to Cs due to of size effect .The electronic states changes from 3p to 4p to 5p



by changing the halide from of Cl to Br to I. The electrical properties such as charge carrier
mobility, diffusion length and carrier lifetime are very important for the application of metal
halide perovskites in the field of optoelectronic devices. The carrier mobility determines the
ability of charge carrier such as electron and hole to transport within the material. The Diffusion
length determines the distance of motion of charge by diffusion and the lifetime determines the
time taken by the charges for recombination. These parameters are important for metal halide
perovskites to determine the performance of the devices. Metal halide perovskites generally
has very long diffusion length, which can be from 1micrometer to more than 170 micrometer
which depends on on chemical composition, morphology of metal halide perovskites, and the
structure of the device. Halide perovskites are found to have numerous applications due to
their exceptional electronic properties [7]. By changing the B-site ion bandgap can also be
tuned. Halide Organic inorganic Perovskites semiconductors have direct-bandgap with band-
gaps ranging from approximately 1.2 to 2.8 eV. In organic inorganic perovskite, the A-site cation
can also change band gap as amine cations may result in distortion of anionic framework by
hydrogen bonding and Van der Waals interactions upon. For organic inorganic type of perovskite
structure like MAPbI3, the conduction band minimum is mainly formed by the 6p states of Pb,
with a small amount of the 5p states of | hybridized and valence band maximum is formed from
the 5p states of I, mixed with a small amount or percentage of the 6 s states of Pb . Since Metal
halide perovskites tent to show good carrier transport properties and long carrier lifetimes they
are mostly used photovoltaic applications. The long transport length helps for long distance
transport of charges in perovskites thin film. This can be attained by the initial Photoexcited

carriers recombining away from the excitation spot which results in regeneration of photons



that is reabsorbed and this result in the formation charge carriers at significant distances away
from the initial excitation point .For good charge—carrier separation, the exciton binding energy
(EB) should be small which defines the lowest energy required to dissociate electron—hole pair
(excitons). In organic inorganics halide perovskite, it photo excitations directly generate free
electrons and holes, rather than bound excitons. This is due to low exciton binding energy

(225 meV) which result in charge separation at room temperature .

1.3.3 Optical properties

One of the most fascinating features of perovskites are the emission throughout the whole
visible range, achieved is achieved by changing the composition. By substituting halide elements
such as chloride, bromine iodide the emission can be tuned of perovskites . By substituting
chlorides , bromides and iodides or their mixture the emission can be tuned from 400 nm (blue)
to 700 nm (red), of all inorganic-perovskite such as CsPbXs (X = Cl, Br, I, or their mixture) which
covers the whole visible region. Another way we can to tune the emission is by replacing the
lead with different kind metal ions, or organic molecules. The optical properties of halide
perovskites are very important for their exceptional performance in Optoelectronic devices
such as photovoltaic and LED applications. They show very High absorption coefficients. The
absorption Coefficient of MAPbI; was found to be 1.5 x 10°Cm™ At 550 nm and 0.5 x 10*Cm™ At
700 nm, corresponding to the maximum penetration depth of only 0.66 micrometer for 500nm

and 2.0 micrometer for 700 nm light. The absorption peaks of the halide perovskites can be



tuned over the whole visible spectrum by compositional engineering. The conduction band
minimum is mainly formed by the 6p states of Pb, with a small amount of the 5p states of halide
hybridized and valence band maximum is formed from the 5p states of halide mixed with a
small amount or percentage of the 6 s states of Pb [8]. So changing the metal ions or halides
result in change of Valence band maximum and conduction band minimum and also the
bandgap. The substitution organic cation may also affect the energy band structure but the
effect Is less significant compared to B and X ions because the change in A-site organic cation
may affect the length and angle of the B-X bonding. The bandgap can change from 1.64 eV to
1.43 eV by replacing methyl ammonium (MA) cation with formamidinium (FA) cation in MAPblI;
perovskite. Metal Halide Perovskites has low non recombination and defect tolerance which
result in good light emitting. The PL peaks of perovskite can tuned from violet to near-infrared

regions by changing the composition.

Because of their small size they completely behave differently from bulk solids that they are
very useful for certain applications. In bulk materials, the charge carriers can move freely in the
material but in nanocrystals the charge carriers are confined in the three spatial directions of
the quantum volume, which changes the energetic structure. The optical properties of
nanocrystal are mostly size-dependent. The linewidth of the photoluminescence (PL) peak is
dependent to the size dispersion of the NCs, therefore a narrow size distribution is very much
important to obtain a pure emission colour, which can be used LEDs lamps. In solar cell
application, photon are absorbed by the nanocrystals if its energy exceeds the band gap. NCs
can produce multiple excitons and for each photon striking them, which will result in increase of

efficiency over conventional semiconductors. Also by changing the size of nanoparticle can



results in change of the bandgap, thus changing absorption which result broader light
absorption spectra, making them a promising candidate in tandem Photovoltaic cell

applications.

1.4 APPLICATIONS

1.4.1 Perovskite Light-Emitting Diodes (PeLEDs):

Light-emitting diodes has recently attracted a great attention due to their low-temperature
synthesis process and excellent device Performance. By different perovskite nanocrystals and
manufacturing methods red, green and blue PelLEDs can be dveloped. Song et al. first reported
CsPbX3 nanocrystals LED . The blue LED emits are 455nm, green at 516nm and orange at 586nm
have been fabricated. However, the performance of organic metal halide perovskite-based LEDs
is low compare to as that of inorganic metal halide Perovskite-based LEDs because of the low
charge transport caused by the large number of long amine ligands on the surface of CsPbX3
Nanocrystals. Therefore, in order to additionally increase the performance of inorganic metal
halide perovskite-Based LEDs, one possible method is by making changes in the structure of LED
to increase the charge transport and another possible method is to decrease the amount of
organic ligands to improve the charge transport performance on the surface of CsPbX;

Nanocrystals [9].

In order to develop high performance LED, one of the main difficulties is the presence of a

charge inoculation barrier between the charge transport layer and the emitter. In order to



increase charge transport, it is important to design a consistent charge transport layer and
emitter, which done by introducing an interface layer. Zhang et al. in the LED with ITO / poly TPD
/CsPbBr3/TPBI/LiF/Al structure a perfluorinated ionomer(PFl) intermediate layer is incorporated
between the hole transport layer (poly TPD) and the CsPbBr3 nanocrystalline layer. The PFI
interlayer result in the increase of 0.34 eV in the VBM of poly TPD. Unfortunately, the LED still
shows unsteady electroluminescence, and also the signal decays to more or less 50% of its
original value after 10 minutes. This shows that in order to increase the alignment of the
inorganic metal halide perovskite LED, the matching of the band structure and also the
immovability of the light-emitting layer should be measured at the same time. In order to solve
these two problems, Shi et al. proposed an all-Inorganic light-emitting diode which resulted in
high brightness, luminous efficiency and EQE of the LED having 3809 cdm?, 2.25 cdA? and
2.39%, respectively. Also when the LED was continuously operated at 10.0 V for 10 about hours,
it was noticed that it maintain an initial efficiency of nearly 80%, which determine that the

working stability has improved significantly.

1.4.2 Photodetectors

Photodetectors were developed using traditional materials such as Ge, Graphene, Si, ZnO and
their heterojunctions, these photodetectors generally has issue at high temperature
manufacturing process and also an issue with complex device structures. There is a much need

to explore low cost, simple device structure and high-performance photodetectors which is
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having Low temperature device assembly technology. The photodetector which are based on
CsPbX3 is composed of heavily doped Si or ITO/polyethylene terephthalate (PET) as the
substrate, CsPbXs active layer and pre-patterned Gold/aluminnium/silver electrode. Recent
research has shown that the photodetector which are based on CsPbls thin film shows good on
and off photocurrent ratio, and the rise and decay times are 24 And 29 ms, respectively. The
wavelengths of the photodetectors which are based on CsPbBr3 and CsPbls are located at 517
and 630 nm, which are steady with the maximum absorption peaks of CsPbBrz NC and CsPbls

nanosheets, respectively [9].

Even though the photoresponse of Photodetectors under ultraviolet light is very important,
study of photodetector with photoresponse under visible light is also important. Recently
research has shown that a high-performance Photodetector under visible light which has good
orientation and plasma synergy. They found that by using the recrystallization method to
prepare CsPbBrs;nanocrystals at ambient condition , the photocurrent is increased three times
compared to dip coating method, and also the optimized device has a high on/off ratio by spin
coating method. By introducing Au Nanocrystals into the photodetector, photocurrent is greatly
increased because of the influence of local surface plasmon resonance. Some performance
parameters of CsPbX3 based photodetectors are almost similar commercial Si Photodetectors or
even better. Therefore by proper interface design, solution-processed CsPbXs nanomaterials are

likely to become a candidate material for low-cost, high-performance Photodetectors.
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1.4.3 Solar cells

The basic principle of any solar cell is that light is absorbed from the sunlight and creates a
potential difference between two electrodes. This phenomenon,known as the Photovoltaic
effect. A Solar cell device generally consists of a photo-absorber, which absorbs light and excite
electrons (e-), and there are electrodes are used separate the photogenerated charges that is
electrons and holes. Without separating of the photogenerated charges to the two different
electrodes there will be no photovoltage will appear. This separation of charges can be done by
creating an electric field in the material of the solar cell, which will cause the electrons and
holes to move in opposite direction. The separation of charges will result in a current flow

which will be used to generates electric power when connected to an external circuit [10].

In solar cell the photo absorbing material is loaded in a mesoporous layer of TiO2 nanoparticles
and it is covered by a layer of the organic hole-Transport material (HTM) that is Spiro-OMeTAD.,
Fluorine-doped tin-oxide (FTO) is used as a transparent conductive oxide as the front contact
and for back contact metallic Gold or silver are used. In solar cell Electron transport layer(ETL) is
used to collect and transport the electron and Hole transporting layer (HTL) is used to collect
and transport the hole. The basic function of the electron transport layer is to: form an electron
selective contact with perovskites light absorbing layer, improve the extraction efficiency of
photo generated electrons, prevent the hole migrating to the counter electrode, reduce the
recombination of electrons and holes. Properties required in selection of material for ETL: High

electron carrier mobility, transparent in visible light ,band structure should match with the
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perovskites material , preparation of material to feasible condition and low temperature. Hole
transport layer (HTL) HTL is used to collect and transport holes from the perovskites light
absorbing layer to promote the separation of electron hole pairs in perovskites materials
through cooperating with electron transport layer. Properties required in selection of material
for HTL: high hole mobility, Wide band gap, simple solvent treatment process, high film
formation ability. Preparation method -One step coating: spin coating mixed AX and PbX;

solution, Two step coating: spin coating AX after coating with PbX,.

1.5 Effect of halide on properties of perovskites

By substituting halide from chlorine bromine to iodine their bandgap can be tuned. So changing
the halide or halide composition the bandgap decrease as one goes from Chlorine to bromine to
lodine. So changing the metal ions or halides result in change of valence band maximum and
conduction band minimum. This help in targeting different application in the field of optical and
electrical. The optical properties such as emission and absorption tuned over entire visible
range from 400 nm (blue) to 700 nm (red) since the bandgap value changes. The electronic
states changes from 3p to 4p to 5p by changing the halide from of Cl to Br to I. Also by changing
the halide the crystal structure of perovskites also changes such as the lattice parameter, both
length between B and X of halide perovskites. The carrier mobility within the perovskites is also

affected by changing the halide. The morphology of perovskites is also affected.
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1.6 Aim of the Project

Among Perovskites family halide Perovskites are one of the most studied perovskites in the
recent years. This halide perovskites have attracted great attention due to their excellent

Optoelectronic properties which are used in various application.

The aim of our project is to synthesize CsPbCls CsPbClbri, CsPbCliBry, CsPbClisbris, CsPbBrs

and to study the structural, morphological and Optical properties of this perovskites
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CHAPTER 2: LITERATURE REVIEW

Tong Cai, Hanjun Yang et al studied the cd doped CsPbCl; material which was synthesized using
hot injection method. The aim of the study was to study the variation of optical properties on cd
doping in CsPbCls perovskites nanocrystal. Its was found that a new secondary emission at 610
nm is induced by an energy transfer process from photoexcited hosts to Cd-dopants. Intensity
ratios of the Cd-to-BG PL peaks increases and then decrease with further increase of the Cd-
doping concentration. Lattice constant was found to decreased from 5.60 to 5.51 A has the
doping concentration increases from undoped NCs to the NCs with 11.49% Cd-doping. Also as
the increasing doping there is a blue swift in the wavelength . Average lifetime PL-BG was
decreased from 8.43 to 2.3 with doping. Decay lifetime curve showed lifetime value of 1.32-1.35

ms [1].

Mrinmoy Roy, Vikram,Sucheta Banerjee et.al studied the variation of halide from CI, Br, | in
MAPbX3 nanocrystal. The aim of the study was to study PL , Absorption spectrum with variation
in different halide in MAPbXs; nanocrystal. The material was synthesized using hot injection
method. It was found that the XRD spectra of MAPbBr3, MAPbCIl; nanoparticles indicates a pure
cubic phase of space group Pm-3m and the XRD of MAPbIs indicates tetragonal phase which
belongs to space group l4cm. It was noted that as “x” increases in MAPDbBrs.4lx, the structure
slowly changes from cubic to tetragonal phase. It was found out that when halide of perovskite

material changes from Cl to Br to |, the valance orbital of halide changes from 3p to 4p to 5p
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respectively which causes a decrease in the band Gap of the perovskite. Compositional tuning
of the perovskite phase displays absorption and emission spectra over the full visible range (400
nm to 750 nm). Its was noticed that absorption maxima for MAPbCl;, MAPbBr; and MAPbI;
occurs at 405 nm, 520 nm and 750 nm respectively. Also MAPbIls has higher formation energy
compare to other Perovskites, which indicates relatively less stability compared to other
perovskites. This is because the Bls octahedral in MAPbIs structure is weaker due to a bigger size
ionic size and. The lower value of electro-negativity of iodine ions makes the bonds weaker. The
thin film which was prepared was kept for 30 days at ambient condition and its was found out
that MAPDIs, Pbl; peak starts to emerge after seven days suggesting MAPbBr3; to be more stable

compared to MAPbIs [2].

Tom C. Jellicoe, Johannes M. Richter et.al studied the variation of halide in CsSnX3 (X = Cl,
ClosBros, Br, Broslos, |) perovskite nanocrystals. The aim of the study was to study the
photoluminescence and absorption spectra with change in halide composition in CsSnXs
nanocrystal. The material was prepared using hot injection method. It was found that the XRD
spectra shows CsSnCls produce a cubic structure and CsSnBrs and CsSnls form orthorhombic
structure. Absorbance and PL measurements of the as-synthesized perovskite nanocrystals in
solution and under inert atmosphere revealed optical bandgaps extending from the visible to
the near-IR region. The bandgaps of tin-containing perovskite nanocrystals are red-shifted
compared to lead-based particles, due to the higher electronegativity of the tin ion occupying

the ‘B’ site in the ABXs perovskite structure. Compositional changes of the halide component
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allowed tuning of the optical bandgap. In addition to compositional tuning, they also tried
adjusting the reaction temperature in the CsSnBr; nanocrystal synthesis between 125 and 170
°C which allowed the optical bandgap to be tuned from 630 to 680 nm. They noticed if the
particles are exposed to the ambient only for 5 min, they observe a small spectral shift of the tin
binding energy toward higher values which is consistent with an oxidation process from Sn(ll) to

Sn(IV). This change in oxidation state is accompanied by a drop in PL efficiency [3].

Cuili Gai, Dawei He et.al studied the variation of halide on CsPbX3 perovskites nanocrystal. The
aim if the study was to determine the optical properties by change in the composition of halide.
The material was prepared using hot injection method. It was found out that all CsPbX3 showed
a high-symmetry cubic phase with the space group pm3m due to the high reaction temperature
in the preparation process. The optical properties of these CsPbX; was studied by stable
photoluminescence and its was found out that an increase in the cation size resulted in a
reduction in the optical bandgap, which was 2.90 eV for CsPbCls, 2.40 eV for CsPbBr3, and 2.00
eV for CsPbls. The difference in optical properties is due to the difference in the ionic radius of
halide ions with six-fold coordination, which was 1.81, 1.96, and 2.20 A for CI-, Br, and I,
respectively. They noticed that CsPbCls perovskite exhibited the PL peak at 434 nm with full
width at half maximum (FWHM) = 16 nm (blue color emission) and the CsPbBrs perovskite
showed PL peak at 507 nm and FWHM = 23 nm (green color emission) and the CsPbls perovskite
Showed PL peak at 625 nm with FWHM = 37 nm (red color emission). Then they studied

influence of mixed halogen cation based on CsPbClyBrs-y (y = 0, 0.5, 1, 1.5, 2, 2.5, and 3). They
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found that the XRD patterns, the diffraction peaks exhibited successive shift, which was linearly
dependent on the halide composition and the cubic Structure is still maintained. From the PL
spectra, they also found the successively red shift emission peaks. Then they further studied the
influence of mixed halogen cation based on CsPbBryls-, (y = 0, 0.5, 1, 1.5, 2, 2.5, and 3) which

showed similar result of CsPbCl,Brs-, perovskite nanocrystal [4].

Parthiban Ramasamy, Da-Hye Lim et.al studied CsPbBrsz NCs to determine the halide exchange
reactions, because they have visible green emission at around 508 nm, which can be tuned
either in the blue or red side of the visible spectrum by substituting Br  with CI" or I ions.
CsPbBr3 NCs with a size of around 8 nm was synthesized. The aim of the of the study is to focus
on optoelectronic properties with change in halide composition. The as-synthesized CsPbBr3NCs
has a cubic structure. It was found out that the (200) reflection at 30.681 gradually shifted to
lower angles for Br to | exchange due to the lattice expansion by the substitution of larger | ion
for the smaller Br ion. It was also observed that the change in the intensity of the XRD peaks.
They noticed that for the iodide-exchanged samples, the intensity of the (200) plane was very
high compared with the other planes. The as-synthesized CsPbBr3; was having absorbance peak
at around 485 nm. With an increase in the concentration of Lil, the absorbance peak gradually
red shifted and reached 634 nm for 1.28 M Lil. It was noticed that when Lil was replaced with
LiCl, the absorbance and luminescence peaks of CsPbBrs were blue shifted to lower
wavelengths. This is due to the gradual conversion of CsPbBrs to CsPbCls. The CsPbCls NCs

exhibited strong absorbance and narrow luminescence peaks (FWHM = 15 nm) [5].



20

Loredana Protesescu, Sergii Yakunin et.al studied the CsPbXs perovskites nanocrystal by
variation of halide and their mixed halide. The material was prepared using hot injection
method. The aim of the project was to study the cesium lead halide perovskites by changing the
halide composition and to determine that it is favorable for optoelectronic material. Its was
found out that the XRD spectra shift towards lower angle when changing halide from Cl to Br to
I, this is due to increase in lattice constant from chlorine to bromine to iodine. It was notice that
Optical absorption and emission spectra of colloidal CsPbX3NCs can be tuned over the entire
visible spectral region by adjusting their composition. Photoluminescence spectra showed red
shift in wavelength by variation halide from chlorine to bromine to iodine. Bright
photoluminescence of all nanocrystal was observed due to high quantum vyield of 50-90% and
narrow emission line widths of 12-42 nm. Absorption spectra showed increased in the
absorption wavelength from chlorine to bromine to iodine. Time-resolved photoluminescence
decays of CsPbX3NCs indicate Radiative lifetimes in the range of 1-29 ns with faster emission

For wider-gap [6].

Valdi Rizki Yandri, Priastuti Wulandari et.al studied the CsPbCl; and CsPbBrs; perovskites
nanocrystal. The material was prepared using Ligand assisted reprecipitation method. In this
paper the author had studied the Photoluminescence properties of CsPbCls and CsPbBrs
Nanocrystals synthesized by LARP Method with Various Ligands and Anti-solvents. The XRD
spectra of CsPbCls and CsPbBrs nanocrystals showed cubic space group pm3m. They used OA

and LA as Ligands and toluene, THF, and chloroform as anti-solvent. It was found out that
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Photoluminescence (PL) peaks of CsPbCls are seen at around 435 nm and CsPbBr3 at around 516
- 527 nm. Also it was observed that In CsPbCls, for OA, PL peaks are not significantly affected by
antisolvent. On the other hand, for LA, PL peaks are affected by antisolvent. In CsPbBrs, the PL
peaks are also affected by LA ligand. It was also noticed that the PL spectral shape of CsPbCls
has a much broader width indicating a different origin and mechanism than PL observed in
CsPbBr3. CsPbCls form 3 dimensional nanocrystal whereas CsPbBrs; forms 2 dimensional
nanocrystal. The OA ligand, which has an amine group, can form a strong interaction with the

CsPbBrs NC surface leading to the formation of 2D NCs both in toluene and THF [7].

Min Chen, Yatao Zou et.al studied CsPbX3 perovskite nanocrystals. The material was prepared
using solvothermal method. In this paper the author had studied simple and efficient
solvothermal to prepare CsPbXs nanocrystals with tunable and bright photoluminescent (PL)
properties, controllable composition, and morphology. It was noticed that the XRD spectra
shows cubic structure for all the perovskites nanocrystal. It was found out that the peaks shift
gradually to lower angles when halide composition is changed from chloride to bromide to
iodide, which is due to the increased radii of halide ions from chloride to bromide and iodide.
The as prepared CsPbX3 nanocrystals show bright emission, high PLQY Of up to 80%. They
noticed that the emission can be tuned to cover the entire visible spectral range (from 410 to
700 nm) by adjusting the composition of anions. The CsPbCls nanocrystals show a sharp
absorption peak at 400 nm and the emission peak is 410 nm with a narrow FWHM of 12 nm.

CsPb(CI/Br)s nanocrystals exhibit a bright blue emission with a sharp emission peak at 460 nm
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and a narrow FWHM of 16 nm and CsPbBr3 nanocrystals emit strong green light with an
emission peak at 520 nm and a FWHM of 23 nm. They also found out that bright orange and red
solution can be obtained for CsPb(Br/l)s and CsPbls nanocrystals respectively. They also
prepared ultrathin CsPbXs (X = ClI/Br, Br, and Br/l) Nanowires. Because of the strong quantum
confinement effect they noticed both the absorption and emission peaks of such ultrathin
nanowires shift to the shorter wavelength range. As a result, the ultrathin nanowires emit light

with totally different colors from nanocubes [8].
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CHAPTER 3: METHODS OF PREPARATION

3.1 Hydrothermal method

Hydrothermal synthesis is a method that is used to synthesis materials by using high-pressure
and high-temperature aqueous solutions. In this method water acts as both the solvent and the
reaction medium, which result in the formation of various compounds when heated close vessel
called Autoclave. An autoclave is usually constructed from thick stainless steel to withstood the
high pressure and is fitted with a safety wall. It may be linear with Teflon (Non reactive
Material). When autoclave is heated the pressure increases and the water remains liquid above
its normal boiling temperature of 373 K which is called superheated water. These conditions
when pressure is raised above atmospheric pressure and temperature above the boiling
temperature are known as “Hydrothermal method”. All the reagents used in this process are
lead carbonate, cesium carbonate, hydrogen chloride, hydrogen Bromide and hydrogen iodide
and they are used without further purification. CsPbCls perovskites nanocrystal can be
synthesized using hydrothermal method by using desired amount of stoichiometry of PbCOs and
Cs,COs3 dissolved in 15 mL of 6 M haloid acid solution such as HCI, HBr, or HI. under constant
stirring for approximately 10 min. The mixture reaction is then transferred into a Teflon
autoclave that was properly sealed and placed inside a muffle furnace. The temperature of the
in hydrothermal method was maintained at 140 °C for 2h. Advantages of hydrothermal method

are simple, easy, low cost & environment friendly method [1].
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3.2 Solvothermal method

Solvothermal synthesis is a technique similar to hydrothermal synthesis, but it uses organic
solvents instead of water as the reaction medium. In this method organic solvents provide a
different chemical environment compared to water, leading to the formation of distinct
materials and structures. Solvothermal reactions occur at elevated temperatures and pressures,
resulting in the formation of specific materials. The solubility of reactants and products in the
organic solvent changes with temperature, affecting the composition and morphology of the
synthesized materials. Chemicals used in this method are CsOAc, PbX,, 1-ODE, OA, OAm,
Cs2CO0s3, trioctylphosphine oxide, hexane, Chloroform, and PMMA Trioctylphosphine. So to start
with Oleylamine and oleic acid was degassed for 1 h under vacuum at 100 °C and kept in
glovebox before use. In these process cesium acetate or cesium carbonate, PbX; (X =Cl, Br, |, or
mixed ClI/Br, Br/l), ODE , OA , OAm were loaded into a Teflon-lined autoclave in glovebox, and
then reacted at 160 °C in a rolling oven for 30 min. For CsPbCls, TOP and TOPO are needed to
help dissolve PbCl, in ODE. For CsPb(Cl/Br)s, TOPO was used to dissolve PbCl, and the reaction
system was kept for longer reaction time for about 1 h. For CsPbls, the mixture was first stirred
vigorously at 40 °C for a while to dissolve the precursors, and then maintained at 160 °C for 20
min. In addition, TOP and TOPO are also required to solubilize the Pbl,. The solution was
naturally cooled down to room temperature and the final products were collected by
centrifugation. Hexane was added into the crude solution and then the mixture was centrifuged

at 8000 rpm for 5 min to remove the residual reactants [2].
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3.3 Hot injection method

The hot injection (HI) method is based on injection of a precursor into a hot solution of the
precursors containing ligands. The key parameters that enables to control the size, size-
distribution, and shape of colloidal NCs synthesized by the HI method are ,the ratio of the
surfactants to the precursors, the injection temperature of the cation or anion precursor, the
reaction time and the concentration of the precursors. The chemical which are used in this
method are Oleic acid, oleylamine, octadecene, Cs;COs, lead iodide, cesium bromide, cesium
chloride, and cesium iodide. Firstly for the preparation of the Cs-oleate: Cs,COs, ODE, and OA
were loaded into a 50 mL three-Necked flask and dried for 30min at 100 °C with stirring and
then heated under N; to 150 °C until all Cs2CO3 reacted with OA (transparent solution).
Because Cs—oleate precipitated out Of ODE at below 100 °C, it had to be annealed to 150 °C
before CsPbXs perovskite synthesis. After this, for the synthesis of CsPbXs; the PbX2 (X = Cl,
Br,and | ), OAm , oleylamine , and octadecene were added to a three-necked round-bottom flask
(25 mL). Then the mixture was heated to 100 °C with stirring and maintained for 30 min. The
mixture was heated to 160 °C until the PbX; precursor was completely dissolved. Then, the hot
cesium oleate precursor solution was then quickly injected in above mixture. After this the flask
was quickly transferred to the ice bath, and the obtained CsPbX3 was kept by centrifugation at
10,000 rpm for 10 min and stored in cyclohexane before further use. For mixed halide of CsPbX3
PbX; (X = Cl, Br, or 1) and another PbX; (X = Cl, Br, or 1),0A , OAm and ODE were added to a
three-necked round-bottom flask (50 mL). Then, it was heated to 100 °C and stirred for 30 min.

Then, it was heated to 160 °C until the PbX; precursor was completely dissolved. The hot cesium
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OA solution was quickly injected into the above solution, and after this, the flask was quickly
transferred to the ice bath. The obtained CsPbXs perovskite was kept by centrifugation at 10,000

rpm for 5 min and stored in cyclohexane prior to further use [3].

3.4 Mechanochemical synthesis

Mechanochemical method which results in less waste, solvent-free methods and are used for
the synthesis of halide perovskites nanocrystals. The Mechanochemical synthesis method is a
process of grinding a material into a very fine powder using a cylinder filled with precursor to be
processed and milling ball. The top down approach is used in this method where the bulk
particles are crushed to nanoparticles. Kinetic energy that is ball is transferred to sample
material placed in the container along with the balls which helps in reducing the size. The
milling ball are usually made up of stainless steel, hardened steel, tungsten, carbide. High
density and larger size gives better result because they increases the impact energy of collision.
Larger ball produces smaller grains size. Filling of milling container should be such that about 50
percent of space is left empty. Because it is necessary that there is enough space for the balls
and material to move around freely in container. Less than half filled the efficiency is reduced.
Milling speed, at high speed the balls get attached to the walls of container and do not impose
any impact force on the material. In this method a mixture of AX and BX, such as Csl, and Pbl;
and PbBr; precursor powders are placed in a ball mill. During the reaction, energy transfer from
the balls to the precursor powders occurs, crushing the reactant materials and result in forming

the perovskite which is indicated by color change. For the size and crystallinity of the prepared
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perovskite, the bowl rotation speed, the number of milling balls, and the reaction energy are
critical parameters. Since these parameters are responsible for the total energy input provided
to the system, care must be taken about the heat that is generated internally and, thus, the
reaction temperature. If we don’t moniter the internal temperature this may affect its specific

outcome [4].

3.5 Sol gel method

The Sol-gel method is generally used to synthesize nanomaterials. The principle of Sol-gel
method is based on between metal cations and a chelating agent (such as citric acid, or
ethylene glycol also ethylenediaminetetraacetic acid (EDTA), oxalic acid, tartaric acid or glucose).
Metal ions and chelating agent should be 1:1 in molar ratio. In this method metal alkoxides are
used as starting material, which is derivative of the alcohol ROH, where R is an alkyl group or a
derivative of metal Hydroxide M(OH)x. Then metal alkoxides dissolved were in alcohol or
distilled water at a temperature of 60—80°C under with stirring. In order to avoid the formation
of the precipitation pH value of the metal alkoxides solutions must be control and the
homogeneous gel will be formed using basic or acidic solutions. It is called hydrolysis and
condensation,which brought out formation of polymer chain. The polymer chain improve the
viscosity of reaction mixture and produces gel. Then produced gel were beaten and grinded,

and then calcined for 5-6 hours at 5500 C to get the pure materials [5].
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3.6 Ligand assisted reprecipitation method (LARP)

Cesium lead chloride (CsPbCls) and cesium lead bromide and their halide mixture were
prepared using LARP Method. The Ligand assisted reprecipitation method was used where Oleic
acid were used as ligands. CsCl and PbCl, were dissolved in Dimethyl Sulfoxide (DMSO) solvent
to form a precursor solution. In this method we measured the raw material to be used using
weighing machine. The raw material which was weighed was calculated using stoichiometric
calculation. After weighing the precursor were transferred into the beaker which was filled with
15 mL of Dimethyl Sulfoxide (DMSO) which acts as a polar solvent. Then this solution was kept
on magnetic stirrer for about 25-30 min till all the precursor was thoroughly mixed. After this
around 1.5 mL of oleic acid, which acts as a ligand was added and kept for about 15 min for
stirring. Simultaneously toluene was kept in magnetic stirrer in ice bath till the temperature
reaches 10-12 degree Celsius. Toluene was used as an antisolvent. Once the toluene was added
into the mixture its immediately forms colloidal solution which was kept for about 5 min for
stirring. Then the solution was transferred into the centrifuging tube and kept for centrifuging
for about 15-20 min. The compound which was formed settled at the bottom. The solution was
removed and fresh toluene was added and again kept was centrifuging for 5 min. Then the
formed compound was transferred into the petri dish. Then the sample was kept for drying in
the furnace at around 90-95 degree Celsius for about 1 hour or more depending on the sample

is dried or not. Then the sample was weighed and was characterized [6].
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Figure 3: Steps for synthesis of samples
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CHAPTER 4: CHARACTERISATION TECHNIQUE

4.1 UV Vis spectroscopy

UV-Vis spectroscopy is technique which is generally to measures the amount wavelengths of UV
or visible light that are absorbed by or transmitted through a sample with reference to blank
sample. This technique is used to find the bandgap of the material [1]. This technique depend
on the use of light. Energy of light which is inversely proportional to its wavelength, therefore
shorter wavelengths of light has more energy. Electrons are excited to higher energy state by
absorbing certain amount of wavelength. Electrons in different shells require a different energy
to excite the electrons to a higher energy state. This is why the absorption wavelength changes
for different substances. A single xenon can be used for both UV and visible ranges. A tungsten

or halogen lamp can be used for visible light and a deuterium lamp is used as UV light source

—1 1

vy { \
:@: Tﬁ’ |, Reference Detector 1

Light source Monochromator i @ 1

Sample Detector 2

[2].

Figure 4: Schematic diagram of UV-Vis spectroscopy [6].
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Monochromators — allows only the chosen wavelength of light and absorbs all other wavelength
Monochromators are mostly composed of prisms and slits. The various wavelengths of the light
that are separated by prism is then passed to slits. The slit selects a monochromatic beam of
light. Beam splitters — splits the beam of light into two halves of equal intensities. One of the
two divided beams is then passed through the sample solution and the other beam is then
passé through the reference solution. Pair of cuvettes is used in which one is filled with test
sample and other one with reference solution. Cuvettes are made of either silica or quartz.
Glass can’t be used for the cells because it absorbs light in the UV region. After the light has
passed through the sample, a detector is used to detect the intensities of the transmitted light
coming out of the cuvettes and generate current proportional to the difference in the intensities

of sample and blank.

The absorbance (A) Is equal to the logarithm of a fraction of the intensity of light passing
through reference sample (lo) divided by the intensity of light passing through the sample (I). If
the sample does not absorbs light at a particular wavelength then 1=10 and A=0. If the sample
absorbs light at a particular wavelength then I<I0 and A>0. Recording a baseline spectrum using
a “blank” reference solution is must. If the instrument is absolutely perfect then the baseline

would have zero absorbance for every wavelength.
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4.2 Raman spectroscopy

Raman spectroscopy is an technique where scattered light is used to measure the vibrational
energy modes of a Sample. It is named after C. V. Raman who, together with his research
partner K. S. Krishnan observed Raman scattering in 1928. Raman spectroscopy is based on
inelastic scattering of monochromatic light. The Raman effect is based on light scattering, which
consist of elastic (Rayleigh) scattering which have same wavelength as that of the incident light
(no energy or momentum is lost between the incident and scattered radiation) and also inelastic
(Raman) scattering at different wavelengths because molecular vibrations. Raman spectra are
obtained by exciting the sample with a high-intensity laser beam and passing this scattered light
to a spectrometer. The Raman shift is the difference between the energy of the incident and
dispersed light. The y axis of the spectrum represents the intensity of the scattered light, and

the x axis is the wavenumber of the Raman shift (cm™) [3].
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Figure 5: Figure showing stokes, anti-stokes, Rayleigh
scattering [7].



36

The Raman shift has to two distinct energy bands. Stokes scattering is defined as the shift at
wavelengths greater than of the incident light (hv- AE). Anti-Stokes scattering is defined as the

shift at wavelengths shorter than those of the incident light (hv+AE).

A laser is used as a light source of excitation in Raman spectroscopy. A shorter wavelength
produces more raman scattering since Raman scattering intensity varies as the fourth power of
frequency. For sample preparation the sample in grinded into fine powder Solid sample is
directly placed on the silicon wafer with for examine the sample. A glass substrate may also be

used to characterize but features (properties) of glass may interfere the result.

4.3 Scanning electron microscopy

In Scanning electron microscopy (SEM) create a high resolution image of the sample by scanning
the surface. It uses energy beam of electron to scan the sample surface. The electrons of
electron beam interacts with atoms of sample surface there by producing different type

electrons such as Backscattered electron and Secondary electron [4].

Scanning Electron Microscopy (SEM)

i

— 4 4

Scan
generator| | AMPlifier

4
e —e———

o — —
X K

sample — .

Figure 6: Schematic diagram of Scanning
Electron Microscope [8].
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Principle

Scanning electron microscopy works on the principle of scanning a sample with electron beams.
The high accelerating electron beam is created by an electron gun which is passed down the
column of the scanning electron microscope. The beam of electron pass through a series of
lenses and apertures, which is used focus the beam of electrons. This process happens in
vacuum conditions, which prevents the electron beam from interacting with molecules or atom
in the chamber. It prevents the electron source from vibrations and noise. The electron beams
scan the sample in a raster pattern with the help of scanning coil. The electrons interact with
atoms on the surface of the sample and creates signals in the form of secondary electrons,
backscattered electrons and rays that are characteristic of the sample. Detectors pick up these

signals and create high-resolution images which is then displayed on a computer screen.

The components of SEM are Electron source, Anode ,Condenser lens, Scanning coils, Objective
lens, Detectors to collect signals, Sample Stage, Display/Data output devices. Different types of
electron guns used are such as TE (Thermionic- Emission) gun, FE (Field- Emission) gun, SE

(Schottky- Emission) gun.

Sample stage

For non conductive sample a conductive coating is needed which is done with the help of
sputter-coater. Conductive coats that can be used for coating are gold, silver, platinum and

chromium.
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Thermionic gun: in this tungsten filament is used as cathode or lanthanum hexaboride (LaB6)
crystal. The cathode is heated to a very high temperature (around 2700 K for tungsten) by
applying current which emits electrons at very high speed. Field emission gun: in this when a
strong electric field is applied the potential barrier becomes low and thin, and the electrons are
emitted by the tunneling effect. Schottky emission gun: Works on Schottky emission effect when

high electric field is applied to heated metal surface.

The condenser lens controls the size of the beam and focus the electron beam on to the
sample. The scanning coils are used deflect the beam along x and y direction. The objective lens
is used to focus the beam to a very small spot on the sample. In SEM lenses are electromagnetic
lens are used which are made up of a coil of wires inside metal poles and when a current passes

through coils it will generate a magnetic field which helps in controlling electron beam.

To create vacuum turbomolecular and diffusion pump are used. So in order to create high

vacuum low vacuum pump such as roughing pump is used first.

Everhart-Thornley (E-T) is used to detect secondary electrons. The Secondary electron are
passed into the scintillator where they can be converted to light photons. The photon are
passed to a photomultiplier tube for amplification. Backscatter electron detector is used to
detect backscattered electron. Energy Dispersive X-ray Spectrometer Detector is used to detect

characteristics X ray from the sample.
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4.4 Photoluminescence (PL) spectroscopy

Photoluminescence it is defined as the process in which a molecule absorbs a photon and
excites electrons to a higher electronic excited state, and which result in emission of excess
energy in the form of luminescence which is called as photoluminescence. It may include the
emission of light that is a radiative process or a non radiative process which does not emit light.
Radiative transitions is due to absorption of a photon, if the transition take place to a higher
energy level, or the emission of a photon, if the transition to a lower level. Non radiative

transitions arises between Energy level of atoms or ions when there is no emission of Light.

Fluorescence and phosphorescence are the two forms of photoluminescence. Fluorescence, h
has a short lifetime (102 to 10 s). Phosphorescence has the lifetime of usually from 10* — 1072
s, much longer than that of Fluorescence. In fluorescence, high energy (short wavelength, high
frequency) light is absorbed which excites an electron into an excited energy state. Generally
the absorbed light is in ultraviolet range. Fluorescence happens so quickly that if you turn off
the light the material stops glowing. A phosphorescent is a process which absorbs high energy
light (usually ultraviolet) which excites the electrons to move into a higher energy state but
make transition to a lower energy state occurs much more slowly. Phosphorescent materials
glow for several seconds up to a couple of days even though the light has been turned off
because the electrons jump to a higher energy level than for fluorescence as a result the
electrons has to lose more energy and may spend time at different energy levels between the

excited state and the ground state [5].
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The setup generally consist a laser source, optical lenses, a placeholder for the sample to be
placed and PL spectrometer. Only 1 cuvette is used which is filled with sample dispersed in
solvent. Then the laser source is incident toward the optical mirror which directs the beam to
the sample. When the laser beam is incident on to the sample, some electrons excites to higher
energy levels and emits radiation when coming back to ground state which is then detected by
the PL spectrometer at specific wavelengths. In this technique fixed wavelength is used to excite
electrons and different wavelengths of light will be emitted. The light intensity is plotted against

the wavelength on the spectrum.

The Absorbance spectrum can be created by exciting electrons at different wavelengths and
monitoring the emission at a fixed wavelength. The resulting absorbance spectrum is important
in determining the fixed excitation wavelength for the emission spectrum. So in this way
emission spectrum cab be created by exciting electrons at a fixed wavelength and observing

emissions at different wavelengths.

4.5 X-ray diffraction (XRD)

X-ray diffractometers consist of X-ray tube, sample holder, and X-ray Detector. X-rays are
generated by heating a filament in a cathode ray tube so that accelerating electrons are
produced which toward the target by applying a voltage resulting in bombarding the target
material with electrons. When electrons have sufficient energy to knockout inner shell electrons

of the target material and characteristic X-ray are produced. Filtering it by foils or crystal
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Monochrometers will result in monochromatic X-rays. Commonly copper is used as target
material with CuKa radiation= 1.5418A. X-rays are then collimated and are directed towards
sample. Sample and detector are rotated and the intensity of the reflected X-rays is recorded.
Constructive interference occurs when incident X-rays satisfies the Bragg Equation and a peak in
intensity occurs. For constructive interference to occur the path difference should be integral
multiple of the wavelength, A. A detector records signal and ten converts the signal to a count

rate. X-ray detector is rotated at an angle of 26 [6].

Normal to Surface
»

X-ray
Detector
source Diffracted

X-rays

[ 4 ] Sample

Figure 7: Schematic diagram of X-Ray Diffraction [9].

First grind the sample to a fine powder by mortal and pestle and then place into a sample
holder. Then spreading it uniformly onto a glass slide which contain small cavity for sample to

form flat upper surface .
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CHAPTER 5: RESULT AND DISCUSSION

5.1 XRD analysis

The structural properties of perovskites nanocrystals were studied using an X-ray powder
diffraction (XRD) analysis, conducted on Rigaku Smart Lab Diffractometer using Cu-Ka radiation
(A = 1.5418 A). The figure below reports the experimental XRD pattern and the rietveld analysis
of the prepared samples. The lattice parameter calculated for the samples were found to be
a=5.5976 A for CsPbCls, a= 5.63950 A for CsPbCl,Bri, a=5.6649 A for CsPbClisBris a=5.6781 A
for CsPbCl1Br,, and a=5.8363 A for CsPbBrs which shows increase in the lattice parameter from
chlorine to bromine [1]. It was also noticed that as the bromine concentration increases the
(110) peaks shift to lower 2 theta angle indicating increase in lattice constant. By using the

Scherrer equation that is

091
[ cosf

and to calculate strain introduced in powder due to crystal imperfection and distortion is given

as

B

T=
4 tan@

we found crystallite size and strain as 44.4nm and 0.2291 respectively for CsPbCls, 20.9 nm and
0.3454 for CsPbCl;Bri, 36.48 nm and 0.2826 A° for CsPbClisBris 47.44 nm and 0.2181 for

CsPbCl1Br;, and 18.86 and 0.4184 for CsPbBrs.
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5.2 UV Vis Spectroscopy analysis

UV-Vis spectra analysis was done using UV-Vis spectrometer. For finding the bandgap of

synthesized material we used Tauc’s plot.
The equation is given as:

(ahv)Y = A(hv-Eg)

Where, a is the absorption coefficient.

H is the Planck’s constant.

N is the photon’s frequency.

A is a proportionality constant.

Eg is the band gap energy.

I denotes the nature of electronic transition.

Where y =2 for direct allowed transitions, y =% for indirect allowed transitions.

I = 2/3 for direct forbidden transitions, y = 1/3 for indirect forbidden transitions.
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UV- Vis spectroscopic measurement was done for all prepared sample with powder UV-Vis
spectroscopy setup. Figure 12 shows the absorption spectra of all samples. The absorption
spectra showed increased in the absorption wavelength from CsPbCls to CsPbBr3 and their
mixture of halide. For CsPbCls the absorption was shown at 393 nm, for CsPbCl;Br;1 absorption
shown at 410 nm, for CsPbCli5Br1.s absorption shown at 419 nm, for CsPbCl1Br; absorption was
shown at 429 nm and for CsPbBr3 absorption was shown at 501 nm. It was seen that there is red

shift in wavelength from Cl to Br.

From the Tauc’s plot shown in the figure (7,8,9,10,11) below shows decrease in the bandgap
from CsPbCls to CsPbBr3 and their mixture of halide. . For CsPbCls; the bandgap was found to be
2.88 eV, for CsPbCl;Br; the bandgap was 2.75 eV, for CsPbClysBris the bandgap was 2.66 eV, for
CsPbCl1Br; the bandgap was 2.63 eV, CsPbBr3 the bandgap was 2.24 eV. The bandgap of CsPbCl3
is the highest (2.88 eV) and CsPbBrs has the lowest (2.24 eV). With increasing concentration of
Br in CsPbCliBrix the bandgap was found to decrease. Increase in the ionic radii from Cl to Br
which results in increase of bond length. Smaller bond length results in tight binding of
electrons inside the atom therefore more energy is required to remove the electrons which

leads to increase in the bandgap. [2]
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5.3 Photoluminescence spectroscopy analysis

We have also investigated the room temperature photoluminescence spectra of all samples. All
the samples were excited at 360 nm light source. The PL emission of CsPbClz and CsPbbrs; and
their mixed halide composition are shown in the figure 16 below. PL emission spectra of halide
perovskites are strongly depended on the halide composition which can be seen from the figure
below. The Photoluminescence spectra showed increased in the emission wavelength from
CsPbCls to CsPbBr3 and their mixture of halide. For CsPbCls the emission peak was shown at 428
nm, for CsPbCl,Bri emission peak shown at 421 nm, for CsPbCl15Bri5 emission peak shown at
463 nm, for CsPbCl1Br; emission peak was shown at 474 nm and for CsPbBrs; emission peak was
shown at 530 nm. It was seen that there is red shift in wavelength from Cl to Br. So the prepared
samples exhibits optical tenability from 428 nm to 530 nm by simply change the halide

composition.

With increase in the atomic number of halide element from chlorine to bromine, the bond
strength decreases between Pb and X. As a result the valence and the conduction band move
closer to each other and reduces the optical bandgap. The observed red shift in the PL emission
wavelength peak in CsPbXs with increase concentration of bromine which results in bandgap

guenching phenomenon.[3]
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5.4 Scanning Electron Microscope Analysis

The morphology of the as prepared samples was studied using the Carl Zeiss Scanning Electron
Microscope (SEM). The SEM images were analyzed using the Imagel software of the as prepared

samples was determined.

The cubic structure of all prepared synthesis can be seen in the below figure with good

morphology and crystalline size.[4]
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Figure 23: SEM images of CsPbCl3
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Figure 24: SEM images of CsPbCl;Br;
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Figure 26: SEM images of CsPbCl;Br;
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5.5 Raman spectroscopy analysis

In the raman spectra we can see active modes at (68,86)cm™,(94,121)cm™,and (173,220) cm™.

The (94,121) cm™ correspond to [PXs] octahedron while the (173,220) cm™ correspond to
motion of cesium. Its was seen that upon increasing the bromide concentration there is a blue
shift in raman. So as we go from bromine to chloride the bond length between Pb-X decreases
which result in the increase of vibrational frequency and leading to crystal structure contraction.

For CsPbBrs; we get two raman peaks at 106 cm™ and 228 cm™. [5]
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Figure 28: Raman spectra of CsPbCl; and CsPbCl;Br;
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CHAPTER 6: CONCLUSION

Ligand assisted reprecipitation method has been successfully used to synthesize CsPbCls.«Brx
(x=0,1,1.5,2,3) perovskites structure at room temperature. This method requires precise control
over temperature during the synthesis process. All samples crystallized into cubic structure
having pm3m phase group. Also the lattice parameter was found to increase from 5.5976 A to
5.8363 A by increasing the bromine content in CsPbClsxBrx which resulted in decrease of (110)
peak to lower angle. Crystalline size was found to vary from 44 nm to 18 nm for all prepared
samples. Absorption wavelength was seen to increase from 393 nm to 501 nm and bandgap was
found to decrease from 289 eV to 2.26 eV. Photoluminescence spectra showed red shift in the
emission wavelength with increasing bromine content in CsPbClsxBrx . From SEM spectroscopy
revealed a cubic morphology for all samples. The Raman spectroscopy showed three active
modes for CsPbCls and to active modes for CsPbBrs.The raman shift decreases as we increase
the bromine concentration since there was increase in the bond length between Pb-Br which

resulted in decrease of the vibrational frequency.
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