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 学位論文の要旨 Abstract of Thesis 

Solar cells based on Methyl-Ammonium Lead Triiodide (MAPbI3) perovskite have shown 

tremendous research interest due to their remarkable photovoltaic (PV) performance reaching up to 

22% power conversion efficiency during recent years. However, the commercial use of the organic 

lead halide perovskite based solar cell is challenging because of its poor stability with moisture 

(water) despite its promising efficiency. The mechanism of degradation along grain boundaries (GBs) 

is critical to provide materials design principles and engineering strategies to achieve long-term 

stability. But, the degradation mechanism as well as the function of the GBs on the overall device 

performance is still a subject of vigorous debate. Thus, a comprehensive study on degradation 

mechanism initiated with grain boundary is obvious to further improve the power conversion 

efficiency. 

The aim of this thesis is to investigate the fundamental properties of a GB and effects of water 

insertion in MAPbI3 perovskite. The properties are theoretically determined by first principles 

calculations based on the Density Functional Theory (DFT) and compared with experimental results 

found in the literature. The optimized structure and minimum energy lattice constants of relaxed unit 

cells were initially computed. All DFT calculations were performed with the Vienna ab initio simulation 

package (VASP, version 5.4.1) The projector-augmented wave (PAW) method was used to describe 

the electron–ion interaction with the kinetic energy cutoff set to 600.0 eV. Spin-unpolarized 

calculations were performed, using the Generalized–Gradient–Approximation functional by Perdew–

Burke– Ernzerhof (GGA-PBE) without incorporating the effect of spin-orbital coupling (SOC). The 

ionic relaxation for stable configurations were done with the convergence criteria of 10−8 eV·Å−1 and 

10−7 eV·Å−1, respectively. 

First, we investigate the role of the elementary lead vacancy defect and water interstitial with 

substitutional effect with orthorhombic MAPbI3 unit. The Density-Of-States (DOS) indicates that the 

gap between valence band maximum (VBM) and conduction band minimum (CBM) is reduced 

mostly in Pb vacant structure followed by the movement of CBM with generating a new state inside 
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the bandgap. A water mediated bulk cell of MAPbI3 has no significant difference of charge 

contribution on electronic properties. In addition, to understand the degradation mechanism of 

MAPbI3 by moisture, we adopt an MAPbI3 tetragonal slab as a model of the outer surface layers and 

investigate the insertion process of a water molecule into the slab. We simulated the water insertion 

process on (100) and (001) surfaces and found that the insertion barrier potential of (100) surface is 

more than three times lower than that of (001) surface. The insertion process on (100) outer surface 

layer requires approximately 0.60 eV to overcome an energy barrier, which agrees with an in-situ X-

ray diffraction (XRD) measurement of the reaction threshold of water molecules with the MAPbI3 

crystal at room temperature. 

Secondly, we searched for the optimal energy GB structure (cubic phase) thorough an ab-initio 

atomistic relaxation symmetric tilt boundary with and without translational shifts relative to the GB 

plane. After examined, we confirmed that the symmetric Σ5(210) / [001] GB of MAPbI3 perovskite is 

the most stable structures and the GBs of MAPbI3 perovskite create no mid-gap states for 

electron/hole trapping but have a narrower fundamental band gap. The VBM and CBM energy levels 

in the GB regions are mainly contributed by the p orbitals of I and Pb, respectively. 

Finally, we focus on a water-dissociation process in MAPbI3 with the symmetric Σ5(210) / [001] 

GB. We searched for possible paths of water dissociation in the GB vacant area and, we carried out 

Molecular Dynamic (MD) simulations with virtually increasing the temperature up to 1200K for a 

short-time period (1.50 picoseconds). The water dissociation process undergoes with two-step 

reaction at the GB: one of H ions of a water molecule that segregates into the GB is dissociated, 

migrates along the GB, and is attracted by an N atom in the MAPbI3, following the H-ion release from 

the ammonium. The annihilation of oxygen vacancies by OH- ions generated by the H dissociation 

of water can then occur along both of vacant and defected GB structure, which triggers the initiation 

of degradation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


