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Today it is well-accepted that our society desperately needs efficient solutions to the increasing demand of energy. To deal with this issue, we need to design and develop novel and better renewable energy devices such as solar cells, or electronic devices like batteries and light-emitting diodes [1]. In the same time, there is also a pressing necessity to fabricate powerful, yet highly miniaturized optoelectronic devices such as field-effect transistors, sensors, photodetectors, capacitors, memory devices, or lasers, for a plethora of applications in computing, communications, biomedicine and healthcare, housing, food industry, transportation, etc [2]. To solve both above problems, highly versatile materials exhibiting great optoelectronic properties need to be developed. In this thesis, we propose to use two such types of versatile optoelectronic materials: hybrid lead halide perovskites and conjugated polymers.
Moreover, because the optoelectronic properties of either perovskite or polymeric materials were demonstrated to strongly depend on the microstructure and molecular arrangements/conformations adopted by the constituent molecules within such materials [3].  Further manipulation of the microstructure through efficient processing paved the way towards tunable and enhanced optoelectronic properties. To further widen and explore this way, novel processing methodologies need to be continuously designed and developed both for halide perovskites and conjugated polymers [4]. That is why we have proposed in this thesis three innovative and highly efficient processing techniques to manipulate and alter the microstructure of the above-mentioned materials and thus, to optimize and enhance their final optoelectronic properties. 
In this direction, by employing firstly a simple technique based on processing of perovskite precursor solutions in homemade Teflon rings, we have nucleated and grown, while controlling efficiently the rate of solvent evaporation, hybrid lead halide perovskite crystals possessing either a six-fold or a four-fold symmetry and displaying various dendritic morphologies. By using the convective self-assembly technique, at lower temperatures and low deposition speeds, large needle-like and cross-like crystals were obtained. Such crystals were to shown to exhibit different emission properties than their uncrystallized analogues.
We have implemented a novel and efficient polymer processing method based on the exposure of thin films of conjugated polymers to light in an inert environment. With this approach we were able to control the ratio between the glassy phase and β-phase of a polyfluorene-based conjugated polymer and to massively enhance its emission properties. 
The here presented PhD thesis discusses the scientific advances that we have made with respect to the state-of-the-art research reported in the area of materials such as halide perovskites and conjugated polymers. These materials are utilized for the fabrication of energy devices and miniaturized optoelectronics.
	The thesis is structured in five well-defined chapters. Although each of these chapters is dedicated to discuss a specific theme, as whole, they offer not only an overview of what happens today with versatile materials such as halide perovskites and conjugated polymers, but also propose novel processing tools to manipulate and tune the microstructure of such materials; with the final aim to improve and optimize their optoelectronic properties 

	Chapter one’s key role is to discuss the state-of-the-art and prospects for both hybrid lead halide perovskites and conjugated polymers. it introduces to two types of highly versatile materials and further provides the latest reported scientific achievements and updates relevant to the processing-microstructure-optoelectronic properties relationship. It also motivates our work by exemplifying the largest classes of optoelectronic devices and applications that are designed and fabricated through the use of halide perovskites and conjugated polymers.

	Chapter two is aiming not only to describe the halide perovskite and conjugated polymer systems that we have employed in our research, but also to report on both the details of the innovative tools that we have used to process these materials, and the measurement techniques that we have used to characterize the obtained structures. This chapter contains critical data on the processing methods designed and developed in our laboratory that are needed for any future reproducibility of the here proposed scientific experiments. Such type of mixed halide perovskite systems were previously used as efficient solar cell materials [5]–[7] and were produced by the manufacturer by dissolving methylammonium iodide (MAI) and lead chloride (PbCl2) in dimethylformamide (DMF) in a 3:1 ratio [8]–[10]. Also, the conjugated polymeric system used was a conjugated poly[9,9-bis(2-ethylhexyl)-9H-fluorene-2,7-diyl] (PFO) of a weight-average molecular weight Mw = 13.2 kg/mol, a number-average molecular weight Mn= 6.8 kg/mol and a polydispersity index Ð = 1.94.
	Chapter three is showing how to obtain hybrid lead halide perovskite crystals of controlled symmetry and morphology from perovskite precursor solutions by exposing these solutions to well-defined processing temperatures (using a simple experimental setup based on Teflon rings) and thus, by controlling the rates of solvent evaporation. It covers the processing temperature range of 40° C to 110 °C.
In this chapter, we have focused on subjecting a perovskite precursor ink to different processing temperatures, i.e., to different solvent evaporation rates with the aim to facilitate the nucleation and growth of hybrid lead halide CH3NH3PbI3–xClx perovskite crystals. By controlling the temperature of perovskite solutions, previously placed within open-air Teflon rings in small, yet precise volumes, we have reached a good control over the rate of solvent evaporation and thus, we could tune the shape and growth rate of perovskite crystals. Utilizing diluted lead mixed halide perovskites solutions allowed us to control the nucleation process and to further favor the growth of only few perovskite crystals that were shown to exhibit a six-fold symmetry. Nonetheless, while the crystals grown at a lower range of processing temperatures (40-60 °C) exhibited a rather compact dendritic shape, crystals formed at higher temperatures (80-110 °C) displayed a fractal dendritic morphology. Moreover, crystals exhibiting a four-fold symmetry also formed and were further described (the above text was adapted from the abstract of our paper published under ref. [11]).
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Figure 1. Optical micrographs depicting a six-fold symmetry hybrid lead mixed halide CH3NH3PbI3–xClx perovskite crystal that was grown from a perovskite precursor ink at a processing temperature of 60 °C. [11].
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Figure 2. A growth rate of only 0.64 µm/s was determined for a hybrid lead mixed halide CH3NH3PbI3–xClx perovskite crystal displaying a six-fold symmetry and grown at a processing temperature of 60 °C. The dashed line represents the average crystal growth rate. [11].

	Chapter four proposes the utilization of convective self-assembly technique to generate very large needle-like and cross-like hybrid lead halide perovskite crystals at lower processing temperatures of 30°C and 17°C. Additionally, the spin coating method is used to produce reference perovskite samples, while the drop casting method is being employed to produce perovskite crystals at a further lower processing temperature (i.e., 0 °C). In this chapter we have made use of a film deposition technique, convective self-assembly, based on convective forces acting at the triple air-solution-substrate contact line, to exert control over the rate of solvent evaporation and thus, to manipulate the morphology of the resulting mixed lead halide perovskite CH3NH3PbI3–xClx films. By varying the speed of film deposition, while processing samples at two different temperatures, perovskite crystals possessing different shapes and various dimensions were obtained upon the crystallization of the initial perovskite precursor ink. More precisely, longer than half a millimeter 3D needle-like perovskites crystals, exhibiting sharp edges and co-existing with large cross-like 3D perovskite crystals, could be obtained upon the slow deposition of films at a low processing temperature of 17 °C, i.e., in a regime characterized by a low solvent evaporation rate. On the contrary, the employment of higher film deposition speeds and/or processing temperatures led to smaller 3D needle-like or quasi-2D rectangular perovskite crystals that often appeared interconnected and (highly) coalesced. Moreover, as it was revealed by the photoluminescence measurements, the emission intensity of perovskite crystals was larger and dominated by a lower wavelength peak, as compared to the uncrystallized material that emitted much less light, but at longer wavelength (paragraph adapted with permission from ref. [12]).
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Figure 3. SEM micrographs depicting hybrid lead halide perovskite CH3NH3PbI3–xClx crystals obtained at two different temperatures by spin coating (a, d) and CSA procedure (b, c, e, f). The CSA was conducted at both high (i.e., 1000 µm/s) (b, e) and low (i.e., 10 µm/s) (c, f) deposition speeds. [12].

Moreover, the emission measurements have indicated that the obtained hybrid lead halide perovskite crystals were able to emit light of higher intensity, but of a lower wavelength, than the uncrystallized perovskite material. Before crystallization, only light of lower intensity was emitted at a higher wavelength. The here-reported results could be used in the future when designing and developing novel perovskite-based photodetectors, sensors, or specific energy devices such as solar cells, LEDs, or field-effect transistors (paragraph adapted with permission from ref. [12]).



Chapter five demonstrates how the illumination of a polyfluorene-based conjugated polymer (PFO), a system well-known to exhibit good emission properties, induces controllable structural changes with respect to the ratio between the glassy and β-phases, and consequently produces dramatic changes in the emission properties by massively enhancing the photoluminescence [13]-[17]. Moreover, control experiments performed upon several tens of days demonstrates that the observed enhancement of the emission properties is irreversible and thus, it exhibits a great potential in the fabrication of future organic light-emitting diodes. We demonstrate in this chapter that the exposure of thin films of conjugated PFO to light under an inert atmosphere with light of various wavelengths and output powers has led to a massive increase of the resulting PL of up to 2.2 folds. This enhancement in PL was demonstrated to be due to the appearance of structural changes in both the glassy and β-phase conformations [18]. Such changes were induced upon the illumination of thin PFO films, as it was clearly revealed by the Franck-Condon analysis (FCA) of the PL spectra. Interestingly, the emission of thin films remained at the enhanced value for 75 days after ending the illumination process, most probably due to the permanent structural changes caused upon the illumination (text adapted from the abstract of our paper paper published under ref. [19]).
The results presented in this chapter have shown that the PL intensity was increasing to a maximum while the β-phase fraction was decreasing from around 11% to about 5%, as it was revealed by the FCA.  Moreover, the PL enhancement was shown to strongly depend on the processing temperature of the PFO thin films. For processing temperatures below the Tg, a continuous increase in PL intensity with the time of illumination was measured. For temperatures around the Tg, we have found an optimal illumination time at which the PL intensity was generally reaching its maximum value. At temperatures higher than the Tg, the enhancement of PL was found to be decreasing. This was most probably due to an increased mobility of the PFO molecules that was caused by the transition to a less glassy state (paragraph adapted with permission ref. [19]).
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Figure 4. PL enhancement measured using the total area under the peak for: a spin cast reference PFO film kept in dark (square symbols), a PFO film illuminated with white light of an output power of about 200 mW for various times (star symbols) and the same PFO film monitored in dark after the illumination was stopped (spherical symbols). All films were kept at a processing temperature of 30 ⁰C in nitrogen-saturated atmosphere. This figure was adapted with permission from ref. [19].
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