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Lead metal halide perovskites (LHPs) are considered as a promising photovoltaic cell,
light-emitting material, and photodetector in the next generation due to excellent optical
properties and low manufacturing cost. Generally, LIIPs can be defined by the formula ABXa,
where A is a monovalent cation, B is bivalent Pb, and X is an ionic halide. However, lead metal is
being a concern as a toxic element for the environment and humankind that hamper its overall
application into the market. In this thesis, we will discuss the metal substitution in the typical
LHPs structure. Unconventional LHP structures have also been demonstrated to explore more
possibilities in developing lead-free emitting material.

The most popular substitution is Tin metal due to its similar electronic configuration and ionic
radius to the lead. Especially the layered PEA,Snly has high carrier mobility and a narrow
emission at 620 nm. However, Sn?* ion is naturally unstable which the oxidized Sn** state in the
structure results in numerous defects, In this study, a novel preparation was developed to suppress
the oxidation path and to passivate the surface defects. We tried to recrystallize the product [rom
precursors to obtain its micro-crystal. The micro-crystal has the natural stability, fewer structural
defects, and the accurate chemical composition, therefore, the film prepared by this micro-crystal
exhibits less defect density and higher color purity. In light-emitting diodes (LED), a lower
turn-on voltage and higher external quantum efficiency were achieved. This original synthesis
method may be generalized to synthesize other lead-free materials.

Recently, low dimensional metal halide (unlike typical LHP structures) consisted of large
organic or inorganic monovalent exhibits versatile optical properties. A meal such as Mn, Cu, and
Sb has received intensive attention in the light-emitting sector. In particular, Cs;Cusls has a bright
blue emission that can be synthesized by varieties of methods; nanocrystals obtained via the hot
injection method can use as ink for printing and anti-counterfeiting applications. However,
Cs3Cusls is sensitive to polar solvent during the traditional purification process. In this study, the
uniform nanocrystals were synthesized and purified by designed gel permeation chromatography.
PMMA composited films have also been demonstrated for the color filter application.

Overall, we have studied the most used Tin-metal substitution and developed a new
preparation method to suppress the oxidation state. Besides, zero dimensional-based copper

metal halide has also been studied. The designed GPC purification can be used to explo
re more potential lead-free materials through varieties of synthesis methods.
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