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Abstract 

The present thesis is dedicated to study the fabrication, crystal engineering and photonic 

characterization of Lead (II) iodide-based low-dimensional Inorganic-Organic (I0) hybrids 

and further to utilize the multi- functionalities of these hybrids in light-matter interactions, by 

incorporating into photonic structures for next-generation optoelectronic devices. Low-

dimensional I0-hybrids are generally derived from parental three-dimensional (3-D) 

networks of AMX3 type perovskite, where A is organic and MX is metal halide. These IO-

hybrids are thermally stable and show strong and narrow optical exciton features even at 

room-temperature, due to quantum and dielectric confinements. Therefore, they are 

considered to be more suitable alternative to organic and inorganic semiconductors for the 

study of electron-photon interactions and their optoelectronic applications. 

Chapter 1 is dedicated to introduce templated self-assembly of I0-hybrids, extensive 

literature overview related to fabrication techniques, and structural and optoelectronic multi-

functionalities. Chapter 2 gives the overview of technical aspects of various experiments 

related to structural and thermal characterizations and optical setups designed for photonic 

studies. These I0-hybrids are essentially fabricated by simple and cost-effective solution 

chemistry-based techniques, where atoms/molecules naturally self assembles into low-

dimensional structures. Since the complexity in range of interactions involved in these 

materials, predicting the possible structure and property is a formidable task, therefore by 

characterizing many possible compounds from a particular class of hybrid would be worth to 

predict to certain rules to design and control the useful properties for device applications. 

Chapter 3 presents systematized fabrication protocols developed for numerous I0-hybrids of 

both 1-D and 2-D low-dimensionality and their structural studies, both in single crystal and 

thin film form. These hybrids show critical dependence on choice of organic moiety, size and 

shape of the organic molecule. Various characterization techniques such as, Single Crystal X- 
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ray diffraction, Glancing Angle X-ray diffraction (GAXRD), Thermo-Gravimetry (TG) and 

Differential Thermo Gravimetry (DTG) were utilized to determine the structure, 

morphological changes, and thermal stability of these I0-hybrids. 

A systematic correlation between the optical exciton energies of several I0-hybrids to the 

low-dimensionality, dielectric contrast, the inorganic layer geometrical arrangement, and 

specific structural features is established and discussed in Chapter 4. Extensive photonic 

studies on the dependence of various factors like organic spacer, film thickness, morphology, 

disorder and defect in thin film/crystals, etc were carried out. 

Some of these I0-hybrids show reversible structural phase-transitions at easily 

accessible device temperatures. For the first time, the behavior of such phase-transition and 

corresponding exciton switching were completely understood and systematically explored in 

Chapter 5. This completely reversible switching of excitons arises due to reversible 

structural crumpling of PbI network of I0-hybrid and produce considerable shift in the 

exciton energies. The structural flips could be further controlled by annealing or by 

controlling film thickness. Single crystals and thin films show full reversibility of the phase 

transition with distinct absorption and emission hysteresis. A detailed explanation on the 

structural dependence of these switchable excitons is presented. 

Though thin film fabrication is widely from spin-coating technique, it requires very 

precise optimization of many experimental parameters. However, usage of these I0-hybrids 

in electronic and optoelectronic devices is limited by the lack of appropriate methodologies 

to generate uniform and highly-ordered thin films. Therefore in Chapter 6 a much simpler, 

but efficient thin film fabrication technique, intercalation strategy, has been extensively 

discussed to fabricate device-quality thin films of highly-ordered I0-hybrids over centimeter 

size-scales. The evolution of the intercalation process is directly tracked both structurally 

and optically; showing improved performance over thin films produced by conventional spin- 
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coating technique. This technique is further demonstrated in view of potential applications of 

these hybrids in photonic/electronic device fabrication. 

With the optimization of fabrication strategy for uniform thin films, the ability of 

these hybrids in photonic applications by incorporating them into photonic structures was 

demonstrated in Chapter 7. This chapter successfully demonstrates the room-temperature 

strong-coupling phenomena when these hybrids are conveniently placed in low-quality 

factor microcavities, due to the large oscillator strengths of the these IO-hybrids. The extent 

of coupling achieved is higher than inorganic and comparable to organic counter parts of 

such effective cavity lengths. This chapter further establishes the unique capability of active 

controlling of strong-coupling phenomena, by incorporating exciton-switching hybrids. 

Strong-coupling from these I0-hybrid-based low-Q cavities and the established robust 

methodology paves way to new generation device applications. 

In view towards incorporating optically-active I0-hybrids into photonic structures, 

template assisted self assembly method has been developed for nano/mesa photonic 

structures. The fabrication of photonic structures of one of the potential II-VI wide bandgap 

semiconductor ZnO and potential applications are discussed in Chapter 8. The results are of 

suggestive exploration for further study on light-matter interaction and promises many novel 

photonic applications. 

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

study. 
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