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SUMMARY 

In the last decade, lead-halide perovskites have gathered significant attention due 

to their fascinating optoelectronic properties which make them suitable for a 

plethora of applications (e.g. solar cells, light-emitting diodes, scintillators, 

thermoelectric devices, lasers). The versatility of these materials results from the 

possibility to tune their properties by directly manipulating their chemical 

composition and structure. To make full use of this tunability we need to be able 

to understand the relationship between structure and properties. Thus, in this 

thesis we investigate how variations in structure resulting from different grain 

growth and mechanical stimuli can manipulate the optical properties of 

perovskite thin films.    

 Chapter 1 starts with an introduction to lead-halide perovskites and to 

their peculiar electronic structure. After elaborating on how changes in bond 

length and octahedral tilting can affect the optoelectronic properties of these 

materials, we compare the bulk moduli of such perovskites with conventional 

semiconductors. The soft nature of the perovskite lattice paves the way for 

manipulating the optoelectronic properties by means of external mechanical 

stimuli such as pressure. Thus, we introduce pressure-dependent transient 

absorption spectroscopy and pressure-dependent photoluminescence which are 

the main analysis methods used throughout this thesis. Together with applied 

external pressure, changes in structural properties can be achieved by using 

different fabrication methods, which can result in a different size and 

crystallographic orientation of grains. We introduce Electron Back-Scattered 

Diffraction (EBSD) as a powerful technique to obtain crystallographic 

information combined with the high spatial resolution typical of a scanning 

electron microscope (SEM).  

We use EBSD in Chapter 2 to study the microstructure of 

methylammonium lead iodide (MAPbI3) thin films fabricated with the 

conventional antisolvent-dripping (AS) method and flash-infrared annealing 

(FIRA).  EBSD analysis reveals that oftentimes the domains observed in SEM 

are misidentified with crystallographic grains. Also, we find that despite 

substantial differences in grain size between the two systems (~100s of nm for 
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the AS and ~100s of μm for the FIRA), the optoelectronic properties are similar 

suggesting that the optoelectronic quality is not necessarily related to the 

orientation and size of crystalline domains. 

In Chapter 3, we study the hot-carrier cooling process. At the 

femtosecond timescale, hot electrons generated by high-energy radiation interact 

with the lattice to dissipate the excess of energy in the form of heat. This process 

involves interactions between the photogenerated electrons and the vibrations of 

the lattice. We investigate how manipulating the lattice properties by applying 

external pressure affects the rate at which the hot electrons cool to the lattice 

temperature. We find that compressive stress favours fast hot-carrier cooling at 

high excitation density (> 1018 photons/cm2) which would be beneficial for light-

emitting diodes (LEDs) and laser applications. 

 The easy bandgap tunability of lead-halide perovskites is one of the most 

intriguing properties for the manufacture of LEDs, lasers and tandem solar cells. 

This tunability can be achieved by mixing the halide components in different 

stoichiometric ratio allowing to tune the bandgap from the UV toward the NIR. 

However, mixed-halide perovskites suffer from halide migration under light 

illumination or electrical bias. This halide migration leads to phase segregation 

in some composition. The formation of halide-rich domains in turn disrupts the 

homogeneity of the bandgap. The onset of phase segregation coincides with a 

phase transition from tetragonal to cubic when more than 20% of bromide is 

incorporated in the composition. However, it is not clear if and how the phase 

transition affects phase segregation. In Chapter 4, we use pressure-dependent 

transient absorption spectroscopy to verify how changes in the unit cell volume 

affect the thermodynamics and kinetics of phase segregation. We observe that 

phase segregation is almost suppressed at an external pressure of 0.3 GPa for 

several bromide-iodide mixing ratio and also the overall segregation rate is 

dramatically reduced. Our findings suggest that the process of phase segregation 

cannot be associated to the presence of a phase transition as the crystal structure 

of all the compositions studied remain cubic in the pressure range used. In 

addition, the pressure reveals itself as an effective tool to reduce phase 

segregation. A similar compression of the unit cell volume can also be induced 

by change in the chemical composition, specifically replacing the A+ cation with 
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a smaller ion, exemplified by replacing MA+ with Cs+. Comparably to what is 

obtained under hydrostatic pressure, the change induced by this “chemical 

pressure” reduces the phase-segregation.  

Layered 2D perovskites have attracted considerable interest due to their 

highly modular structure that can be tailored by altering both organic and 

inorganic components. Given the presence of organic spacers, this class of 

materials is more easily compressible across different pressure ranges, 

demonstrating mechanochromic behaviour. In Chapter 5, we investigate the 

structure-property relationship in Ruddlesden-Popper and Dion-Jacobson 2D 

layered perovskites fabricated with comparable organic spacers, i.e. 

benzylammonium (BN) and 1,4-phenylenedimethylammonium (PDMA). 

Combining pressure-dependent absorption, X-ray diffraction with synchrotron 

radiation and density functional theory calculations, we surprisingly find that 

Ruddlesden-Popper and Dion-Jacobson layered perovskites behave rather 

similarly under pressure despite the different forces involved in connecting the 

two perovskites slabs. In addition, we find no direct difference between the Br- 

and I- based compositions, in contrast with the higher expected level of rigidity 

of the bromide-based system in comparison with its iodide counterpart. The most 

significant shift in the optical absorption is observed in (BN)2PbBr4 under 0.35 

GPa pressure. Density functional theory in combination with pressure-dependent 

X-ray diffraction reveal that, at mild pressure, (BN)2PbBr4 shows an isostructural 

phase transition associated with a change of penetration depth of the BN spacers 

into the Pb-Br lattice. The isostructural phase transition is associated with a 

decrease in the octahedra tilting which leads to an increased penetration depth of 

the BN spacers into the Pb–Br lattice, enabling some relaxation of the spacer 

tilting. This structural rearrangement can be correlated with the larger 

susceptibility of the system to pressure which in turn results in a larger redshift 

of the excitonic feature. These 2D perovskite materials hence show a rich 

parameter space for structural manipulations and understanding and manipulating 

the structural properties is pivotal to design new functional materials for targeted 

applications. 
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