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Abstract 

 

The origin of the thesis was born out of a speculative idea to demonstrate the strong 

room-temperature optical exciton energies tuning over a wide range of spectral region, from 

UV to red, by structural engineering of these special inorganic-organic semiconducting two-

dimensional hybrids from AMX3 type perovskite family. The thesis presents the extensive 

exploration of various new device-compatible fabrication strategies for highly-ordered 

layered inorganic-organic perovskite thin films as well to reduce the lateral dimensions to 

nano to micron sizes. The goal is to optimise the fabrication parameters, study the structural 

diversity and the opto/electronic properties, targeting various active (IO-LEDs) and passive 

(photo-detector, photovoltaic) optoelectronic applications.  

Chapter 1 is dedicated to introduce Inorganic organic 2D hybrid semiconductors, 

extensive literature overview related to fabrication techniques and structural and 

optoelectronic multi-functionalities. Chapter 2 is dedicated to experimental techniques 

carried out during the thesis. Several structural, thermal, morphological features are critically 

studied using wide varieties of techniques namely, Glancing Angle X-ray diffraction 

(GAXRD), Differential Scanning Calorimetry (DSC), Thermo-Gravimetry (TG) and 

Differential Thermo Gravimetry (DTG), Scanning Electron Microscope (SEM), Transmission 

Electron Microscope (TEM) and Atomic Force Microscopy (AFM) are extensively utilised 

during the course of the thesis. Photonic studies such as UV-Visible absorption and 

Photoluminescence (PL), high-resolution confocal white light/PL imaging and two-

dimensional PL spectral mapping of thin films/crystals were systematically carried out and 

reported. The static and dynamic photocurrent response over a wide spectral region and 

current-voltage measurements were systematically performed and reported. 

Chapter 3 reports the experimental findings of room-temperature optical exciton 

spectral tunability from (R-NH3)2MX4 type IO perovskites, where the large structural 

variation has been systematically studied by compositional substitution of organic or metal or 

halide ion position in (R-NH3)2MX4 and other structural reorganizations such as organic (R) 

moiety conformation.  These layered perovskite thin films, fabricated from conventional 

solution processing, exhibit sharp and strong photoluminescence (PL) at room-temperature 

due to stable excitons formed within the low-dimensional inorganic layers. Systematic 

variation in the observed exciton photoluminescence as the alloy composition is changed, has 
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been explained according to the structural readjustment within the MX6 inorganic network. 

The room-temperature exciton characteristics are systematically studied and the findings are 

attributed to the modified exciton density of states and diffusion of excitons from relatively 

higher energy states towards the lower energy within the mixed halide sites. All the results 

are successfully correlated with thermal and structural studies.  

High quality thin films from these highly c-oriented layered perovskites are very 

essential for practical applications in device technologies. While the conventional spin 

coating approach requires very precise optimization of many experimental parameters to 

obtain highly ordered films. Therefore, chapter 4 is fully dedicated to establish a novel 

technique, known as intercalation strategy, to fabricate highly ordered IO perovskite thin 

films and to understand natural self-assembly dynamics at molecular level. The in situ optical 

exciton evolution has been extensively studied during intercalation process of organic 

moieties (amino end-group based) into the PbI2 network to obtain wide varieties of ((R-

NH3)2PbI4 IO perovskites. The process has been fully optimized for wide range of parameters 

such as organic moiety sizes/types, organic concentration, thickness of parent PbI2 film, 

solvent of intercalation (polar and non-polar) etc. The results are explained by experimental 

evidences and also using simple growth models. Finally, a strategy has been established to 

explain the intercalation dynamics happening at molecular level leading to the formation of 

MX4
2-

 based IO hybrid device quality thin films. In Chapter 5, for the first time, an easy 

two-step fabrication approach for highly c-axis oriented mixed halide IO perovskite thin films 

has been demonstrated.  From this simple methodology, a wide range of compositions from 

(R-NH3)2PbI4(1-y)Br4y (R = organic; y = 0 to 1) type are successfully achieved and their 

optoelectronic properties are well characterized.  The structural and in situ optical studies 

further confirm that the methodology can be directly adoptable in top-down technology and 

also can be extendable for many varieties of inorganic-organic frameworks. Chapter 6 

systematically presents a low-cost, environmentally-friendly and easily scaled up route for 

wide range of nano and micro IO perovskite crystals. The obtained hexagonal shaped crystals 

range from 20nm to about 10m sizes. Sequential stacking of inorganic/organic layers in 

these IO hybrid nano/micro crystals results into strong room-temperature exciton 

photoluminescence, wherein the excitons are confined within the inorganic sheets.  The 

systematic structural, morphological and optical properties of these strongly emitting 

nano/microcrystals are presented and discussed in depth. 
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While several solution processing methods are being adopted in the past to obtain thin 

films of IO hybrid perovskites, but those methods may not be appropriate for device 

integration. Keeping in view of many experimental issues, Chapter 7 presents a systematic 

optimisation of a novel direct deposition has been adopted and successfully demonstrated for 

many varieties of IO perovskites. The universal acceptability of the method has been 

demonstrated for wide range of IO hybrid perovskites and the systematic optical and 

structural studies show the success of the approach. The success has been witnessed in high 

surface quality and long-range order films ranging thicknesses from ~20nm to as thick as 

~1.5μm.  Further the potential application of the method in fabrication of photonic structure 

has also been demonstrated from photo-response and fabrication of template based 3D 

structures.  

Chapter 8 is fully dedicated to explore the multifunctional optoelectronic properties of 

IO perovskites, fabricated from aforementioned methodologies.  During this chapter the static 

and dynamic evolution of electrically and/or optically injected carriers, transportation within 

these networks and the radiative and/or non-radiative recombination has been systemically 

studied and presented. One of the noteworthy study is the photocarrier spectral response over 

a wide range of wavelengths (UV to IR) to understand the carriers generated from band-to-

band electronic transitions as well as exciton transitions. Further, the scanning photocurrent 

microscopy inadvertently supports the carrier migration within the terminals and also 

explains the carrier nature (n or p types) of these hybrids. These extensive photocurrent 

studies reveal great information about the transport mechanism of excitons and the results are 

explained based on various mechanisms. This chapter also contains some exploratory 

investigations of IO hybrid based Light Emitting Diode (LEDs) aiming at room-temperature 

performance. Several hetero junction configurations are appropriately optimized and 

systematic electrical (current-voltage) and optical (photoluminescence (PL) and 

electroluminescence (EL)) characterizations are performed. Further, these light emitting IO 

perovskites are utilized to integrate with commercial UV-blue LED chips and bright green 

and near-white light applications are explored.  

Finally Chapter 9 discusses overall conclusions and the future scope of the present 

study. 
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