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The thesis presented here is a mainly theoretical study of structural and electronic properties of methyl ammonium
lead iodide perovskite. The whole calculations and computations are done with the GGA approximations as a variant of
density functional theory (DFT).

Chapter 1 begins with background, literature review and motivational aspect regarding the present works, followed
by the general discussion on the basic semiconductor physics related to solar cells which includes its types, classification,
efficiencies, and so on. A brief discussion related to hybrid organic-inorganic perovskite solar cells in the presence of
grain boundary with water intercalated effects is given with an emphasis as a central interest in this thesis. Finally, the
description about the foundations required to understand the concepts on theoretical physics and to choose a suitable
theoretical approach for our calculations is also discussed in this chapter.

Chapter 2 includes the discussion about the bulk properties and its associated point defect analysis in orthorhombic
phase of methyl ammonium lead iodide perovskite. The reaction thresholds of water molecules with surfaces of the
MAPDI; tetragonal crystal are estimated by using the theoretical Nudged Elastic Band method with the DFT. A brief
description of X-ray diffraction (XRD) measurement of the reaction threshold, which verifies the theoretical estimation,
is also presented in this chapter.

In chapter 3, we develop MAPbI3; models with X5 tilt grain boundaries (GBs) and investigate the optimum structure
of the GB region by systematically shifting one side of the crystal relative to the other. We then study the electronic
properties of the most stable configuration and explore the GB’s effects by comparing electronic charge contributions,
total/partial density of states, and isosurfaces of electronic charge distributions with those in the bulk structure.

Then in chapter 4, we focus on the investigation of water-dissociation process in the GB model. Molecular-dynamics
trajectories were monitored to search for possible reaction paths of two H>O molecules in the GB with respect to
variations of temperature which shows a reactive behavior with surrounding atoms. Thus, we have discovered the water
dissociation mechanism with its hydrogen migration pathways which may trigger the initiation of degradation.

The last part (Chapter 5) of the thesis presents the summary and conclusion of the research work. Some future ideas

which may be explored toward performance improvement of perovskite solar cell are also described.
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