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Abstract: In this current paper, the molar feed ratio of MnCI2 to
PbBr2 is 1.35 M%. Lead halide perovskite is synthesized by the wet
chemical method. The structure of LiPb(CI/Br)3 doped with Mn2+
nanocrystal was confirmed by TEM analysis and XRD with
JCPDS#73-0692. All the diffraction peaks slightly shifted towards
the lower angle, this may be due to cell size increases after the Br
ion is included in the LiPb(CI/Br)3 nanocrystal. The cause of the
dual color emission of the LiPb(CI/Br)3 doped with Mn2+
nanocrystal when excited with a 365 nm UV lamp is a transfer of
energy levels between the 4T1 and 6A1 of the Mn2+ 3d state (d-d)
transition. With increasing the temperature of synthesis under 365
nm UV excitation, a red shift is observed from 598 nm to 605 nm.
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1. Introduction

Because perovskites are widely utilized in solar cells and other optoelectronic devices,
their unique physical, electrical, and photoluminescent features have garnered significant
attention in the research community nowadays. Perovskites with halide-based phosphors are
commonly used in photovoltaic and optoelectronic applications because of their excellent light-
absorbing capabilities. [1] The first photovoltaic device based on halide-perovskite
(CH3NH3PDbI3) attained a 3.8% power conversion efficiency. Kojima and associates. [2] It
increased even more to 22.1%, sparking the curiosity of experts. Halide perovskites are useful
because of their chemical tenability in many optoelectronic devices. These include devices that
produce light through stimulated radiation emission, such as lasers, transistors, spintronics, and
light-emitting electrochemical cells (LECs). [3] Due to the benefits they offer, perovskites have
been a popular choice for solar cell material. These characteristics include a maximum
absorption coefficient, an adjustable electronic energy band gap (EQg) in the solar photon energy
spectrum, inexpensive solution processing costs, and more. [4-6]. Despite the great power
conversion efficiency of lead-based perovskites, lead toxicity restricts their wider
commercialization. [7-8]. Even though many other kinds of solar cells have been created,
perovskite-based solar cells could be the solar cells of the future.

Recently, there has been a lot of interest in solution-processed mixed and inorganic lead
halide perovskites due to their potential features in photophysical applications such as LEDs,
lasers, and photodetectors.[9-13] These perovskites feature high PLQY, small exciton binding
energy, and a balanced electron and hole mobility lifetime. Because of their extreme
vulnerability to oxygen and moisture, however, the mixed lead halide perovskites have only
limited practical applications. Inorganic lithium lead halide (LiPbX3, X = CI, Br, and 1)
nanocrystals are substantially more stable than their organic-inorganic perovskite counterparts.
Additionally, the LiPbX3 perovskite nanocrystals have considerable potential in optoelectronic
applications because of their excellent photoluminescence quantum yields without any extra
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surface passivation and because they can have their optical characteristics tuned across the
whole visible spectrum.[14-15]

2. Synthesis Process

Wet chemical synthesis methods are commonly used for the preparation of perovskite
materials [16-17] like LiPbX3 (where X = ClI, Br, I). Here, we follow a general procedure for
the wet chemical synthesis of LiPbX3 compounds using lithium halide (LiX) and lead halide
(PbX>) as starting materials. We weigh the appropriate amounts of lithium halide (LiX) and
lead halide (PbX>) according to the desired stoichiometric ratio. Ensure precision in
measurements for accurate results. Then we dissolve lithium halide (LiX) in a suitable solvent
(e.g., DMF, DMSO) to create a lithium halide solution. Stir the solution until the LiX is
completely dissolved. Similarly, dissolve lead halide (PbXz) in the same or a separate container
using the same solvent to create a lead halide solution. We stirred this solution until the PbX>
was fully dissolved. Then we combine the lithium halide solution and the lead halide solution
in the desired stoichiometric ratio (1:1 for LiPbX3) in a reaction vessel (e.g., a flask or beaker).
Stir the mixture thoroughly to ensure homogeneity.

As we mix the solutions, a white or yellow precipitate of LiPbX3 starts to form. This is
the desired perovskite product. Once the precipitation is complete, we separate the solid LiPbX3
product from the solution using vacuum filtration or gravity filtration with filter paper. We wash
the collected solid product with a suitable solvent (e.g., ethanol or acetone) to remove impurities
and any unreacted starting materials. Wash until the filtrate is clear.

Transfer the washed LiPbX3 precipitate to a clean container and allow it to air dry or
place it in an oven at a low temperature (e.g., 50-80°C) to ensure complete drying. This step is
essential to removing any remaining solvent. Characterize the obtained LiPbX3 compound
using analytical techniques such as X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), and scanning electron microscopy (SEM) to confirm its composition,
structure, and purity.

3. Results and Discussion
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Figure 1.1 TEM image (a), HRTEM image (b) ,absorption spectra (c)
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Figure 1.2 PL emission spectra excited by 365 nm UV light (c) and XRD pattern of Mn-
doped LiPb(CI/Br)z NCs (d), TEM image for MnCl to PbBr> for 1.35 M%.
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For preparation of LiPb(CI/Br)s nano crystals doped with Mn 2*, MnCl; is added to
PbBr, precursors in a colloidal solution. The water is evaporated from a combination of
ammonia, and ODE at 120° C while the molar feed ratio of MnCI2 and PbBr2 is 1.35. After
that, it's crucial to heat everything up over 200° degrees Celsius to fully dissolve the metal salts.
To get the Mn-doped LiPb(CI/Br); NCs, the temperature is lowered to 180° C, cool the
compound at room temperature and wash it again with acetone. Put it in oven at 50°C to 80°C
till it completely dry. Crushed the prepared material and used it for further characterization.
Nanostructures of Mn-doped LiPb(CI/Br)s NCs were obtained by transmission electron
microscopy (TEM) after their preparation. TEM analysis of as-prepared Mn-doped
LiPb(CI/Br)z NCs shows as shown in fig. 1.1(e) that they are cubic in shape and average 11.5
nm in size. Figure 1.1 (d) shows the Mn-doped LiPb(CI/Br)3 NCs' phase structure with the help
of X-ray diffraction (XRD) In comparison to undoped cubic LiPbCls nanocrystals (space group
Pm3m, PDF#73-0692), all of the diffraction peaks of Mn-doped LiPb(Cl/Br); NCs shifted
slightly to lower angles. This may be because the cell size increases after Br ion mixed into
LiPbClz NCs, causing all the peaks to shift to lower angles. In addition, the XRD results shows
that the as-prepared nano crystal LiPb(CI/Br)s doped with have the same cubic phase structure
as the undoped LiPbCls NCs, which suggest that the rigidity of the cationic framework of the
perovskite prevents any changes to the crystal structure during the doping process. From fig.
1.1 (b) (HRTEM) picture shows that, the interplanar spacing of its (100) plane set is 5.69 A,
which is bigger than the 5.6° A° of LiPbCls. This also shows that the Mn doped NC in its as-
prepared form has LiPb(CI/Br)z as its host. High crystalline nature of Mn doped LiPb(Cl/Br)3
NCs is reflected by broad XRD peaks and a HRTEM picture. [18-19]

Excited state

A
i
; 4T,
1 [ ]
i
1
| Energy |
uv I Transfer -
:---_-} I’, \\/;'
{
: =
¢ GA1 (Mn2+)

Figure 1.3 Energy levels and fluorescent mechanism of Mn-doped LiPb(Cl/Br)s NCs.

Figure 1.1 © indicates the UV-vis absorption and photoluminescence spectra of
LiPb(CI/Br)z NCs doped with Mn dispersed in cyclohexane allowed us to learn more about
their optical characteristics after synthesis. Same figure shows the photoluminescence emission
spectra of Mn-doped LiPb(CI/ Br)z NCs synthesis at constant molar feed ratio MnCI2 to PbBr2
is equal to 1.35M% but varying the synthesis temperature. When excited to UV radiation at 365
nm wavelength two different peaks was observed ane at 445 nm which represents the host
material LiPb(CI/Br)s and the other at 600 nm when Mn2+ is doped into host synthesis at 160°C,
180°C, and 200°C. Dual-color emissions are clearly visible in the PL spectrum. This wide
emission at 600 nm, due to transfer of energy between “T1 & 8A; levels of Mn?* 3d state as
shown in figure 1.3.
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Figure 1.4 Transmission electron microscope (TEM) images of LiPb(CI/Br)z doped with the
Mn, NCs prepared at different synthesis temperature: (a) 160° C, (b) 180 °C, (c) 200° C but at
constant molar feed ratio 1.35M%

TEM pictures of LiPb(Cl/Br)s doped with Mn NCs generated at various temperatures
but with a constant molar feed ratio of 1.35M% are shown in Fig. 1.4 These results indicates
that the particle size does not affected by synthesis temperature. The TEM image diagram
displays the associated particle size distribution and the PL pictures of the cyclohexane
nanocrystal solution when exposed to 365 nm UV light.
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Figure 1.5 (a) Photoluminescence emission spectra (b) emission spectra of the Mn-doped
LiPb(CI/Br)3z NCs that are prepared at 160, 180 and 200 C with the MnCl,-to-PbBr, molar
feed ratio of 1.35 & (c) XRD

From fig. 1.5 (a) we can say that the host material LiPb(CI/Br)s3 gives a emission peak
at 445 nm and when Mn?* doped into host material a wide emission from 598 nm to 605 nm is
observed at different synthesis temperature. From above we can say that as synthesis
temperature increases from 160°C to 200°C the emission spectra shift from 598nm to 605 nm,
this may be because higher proportion on Mn results in a greater number of Mn to Mn couple
being formed Crystalline cubic LiPbCls is maintained in Mn-doped LiPb(CI/Br)s NCs
generated at varying reaction temperatures. There are virtually any discernible changes to the
diffraction peaks throughout this procedure since the Mn?* substitution ratio does not rise
obviously.
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Figure 1.6 CIE chromaticity diagram of the Mn-doped LiPb(CI/Br)s NCs prepared at different
reaction temperature: (a) 160 C, (b) 180 C, (c) 200 C.

Finally, CIE chromaticity coordinates were derived and shown in Fig. 1.6 to assess the
impact of reaction temperature on luminous emission colour. UV light at 365 nm excites
nanocrystals in a cyclohexane solution, and the resulting photoluminescence (PL) pictures are
shown above ( Fig. 1.5 (a). The optical characteristics of Mn-doped LiPb(CI/Br)z NCs are
affected by both the molar feed ratio of MnCl. to PbBrz and the reaction temperature.

4. Conclusion:

In conclusion, we present paper host LiPb(CI/Br)z NCs and Mn2+ is used as a dopent
for molar feed ration of MnClz-to-PbBr; is1.35 M% synthesis temperature 180°C the crystal
structure is confirmed by XRD (PDF#73-0693) and TEM analysis shows that compound was
manufactured with particle size 11.5 nm fig.1.1(d). In PL emission two different peaks was
observed for host at 445 nm and when Mn2+ doped 598 to 605 nm, a wide emission that may
be due to transition between “T1 & 8A; energy levels of Mn?* 3d state as shown in figure 1.
From fig 1.5(a) we conclude that synthesis temperature does not affect the Photoluminescence
characteristics of Mn-doped LiPb(CI/Br)s NCs . CIE diagram shows that Mn-doped
LiPb(CI/Br)z NCs may be used for optoelectronics devices, LCD etc.
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