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Studies of photoinduced electron transfer and exciton dynamics in halide pe
rovskite films and single particles
(e A sa T 2T A MEE RIS DR E ) & hiE 7 A
F 7 ZADWSE)

Lead halide perovskites become the most fascinating semiconductor materials for light-harvesting and li
ght-emitting applications. These materials in the nanocrystalline forms obtained by reliable colloidal synt
hesis approaches show high photoluminescence quantum yield, high charge carrier mobilities, longer pho
toluminescence lifetimes, and high photostability. However, their exciton and charge carrier properties a
nd interfacial electron transfer dynamics in self-assembled films and single particles need optimization f
or next-generation perovskite devices. This study mainly focuses on the electron donor-acceptor systems

involving perovskite nanocrystal films and single-particles. I study the exciton, charge carrier, and electr
on-transfer dynamics of perovskite films and single nanocrystals by addressing the current issues relate
d to interfacial charge transfer processes in perovskite solar cells. This thesis is summarized in five cha

pters.

In chapter 1, I discuss the general properties and significance of lead halide perovskites. I introduc
e their history followed by the structural composition and stability factors. I explain various synthesis
methods for perovskite nanocrystals to control their shape and dimensionality. The preparation methods
for self-assembled perovskite nanocrystal thin films and different characterization techniques are discus
sed in the second section of this chapter. In the third section, complete details about the band-gap prop
erties and fundamental optical properties are presented. Also, I describe the charge carrier properties o
wing to the quantum confinement in closely packed films. In the final section, I explain the application
s of halide perovskites to solar cells, photodetectors, and light-emitting devices (LEDs) followed by my r

esearch motivation and objectives.

In chapter 2, I provided complete details about the materials, synthesis methods, samples, and inst
rumentation techniques in this study. Perovskite nanocrystals are synthesized by various methods such

as hot injection, ligand-assisted reprecipitation, and modified spray technique. Next, I give a detailed ex



planation of the working principles and instrumental setups of various spectroscopic (UV-vis absorption,
steady-state and time-resolved fluorescence spectroscopy, and transient absorption spectroscopy) and micr
oscopic (single-particle fluorescence microscopy, transmission electron microscopy, and scanning electron

microscopy) techniques in this study.

In chapter 3, I summarize the extent of carrier diffusion, the degree of radiative loss, and the rate
of diffusion-controlled interfacial electron transfer in heterojunction films of cesium or formamidinium le
ad bromide nanocrystals with Ceo or TiO2. The electron transfer and charge separation were confirmed by mea
suring the photoluminescence lifetime and intensity, and transient absorption spectra.

In chapter 4, I demonstrate the electron transfer dynamics at the single-particle level by analyzing
the photoluminescence blinking of single perovskite nanocrystals treated with tetracyanoquinodimethane
or tetracyanobenzene molecules. The electron transfer rates are determined from timeresolved spectroscopy and
the Gibbs free energy change is calculated using the differential pulse voltammetry. Further, the statistical analy

sis of > 450 single perovskite nanocrystals, and the ON-time and OFF-time probability distributions hel

p confirm the electron transfer process.

In chapter 5, I combined all the aspects of exciton plasmon interactions by exploring the photophys
ical properties of perovskite nanocrystals on Au nanoparticle films and show a huge photoluminescence
enhancement. The interactions significantly change the optical properties of perovskite nanocrystals. I di
scuss the dynamics of photoluminescence enhancement and quenching for perovskite nanocrystals with
or without surface ligands in terms of chemical coupling of Au-Br and localized surface plasmon of Au.
The significant increase in the OFF time of the plasmon coupled state and the decrease in the photolu
minescence lifetime and transient kinetics are discussed precisely. The radiative recombination in the pe
rovskite nanocrystals is dramatically altered by coupling with the Au localized surface plasmon resonanc
e. The proximity of perovskite nanocrystals to Au nanoparticles increases the decay rate. This change 1
n the excited-state relaxation results in remarkable increases in the photoluminescence intensity and de
creases in the photoluminescence lifetime. The finite-difference time-domain simulations confirm the nea
r-field intensity and hot spots at the boundary corner between perovskite nanocrystals and Au nanopart

icles.



