Osaka University Knowledg

Preparation of Low Dimensional Single Crystals

Title of Organic-Inorganic Hybrid Perovskites
Author(s) |Duong Thi, Huong Mai
Citation |KFRKZ, 2021, HEHwX

Version Type

URL https://hdl. handle.net/11094,/82325
rights
YPOEBRWERI’H S EFMNBEMERIEEEL -
2, EXIRATEORRTDENZ/FEHLTVWE
Note ¥, EXDIHREAZ CHFLEDIZEIL. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KEDIEBLHHRTICD W
T/aE CSREI W,

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




Form 3
Abstract of Thesis

Name (DUONG THI MAI HUONG)

Preparation of Low Dimensional Single Crystals of Organic—Inorganic Hybrid Perovskites

Title (- MER 1 T R 2 b A b O S O fER)

Abstract of Thesis

Organic-inorganic hybrid perovskites have received extensive attention because of their impressive
properties, including long diffusion length, solution processability, and absorption wavelength
tunability. Thus, hybrid perovskites show remarkable potential for application in many fields such as
light—-emitting diodes (LEDs), photodetectors, lasers, solar cells, and thermoelectric materials. There
are, however, some disadvantages of hybrid perovskite such as their instability in air, fairly rigid
structure and the toxicity of lead. Low-dimensional structures are more flexible systems that promise
novel properties due to the presence of large organic spacers in the inorganic perovskite frameworks.
Thin films of hybrid perovskite are strongly affected by the presence of recombination sites for carriers
and excitons. To understand the intrinsic properties of hybrid perovskite materials, an investigation
into the preparation of single crystals is required. In this thesis, I investigate the preparation of
single crystals and their structure for two—-dimensional (2D) and one—-dimensional (1D) hybrid perovskites
based on pyridine derivatives and butylamine

2D lead iodide hybrid perovskite single crystals containing different organic molecules, butylamine and
4-aminomethyl pyridine, were grown using a solution temperature lowering method. Rectangular single
crystals adopted a layered structure, in which the bandgap could be tuned by controlling the number of
layers. The crystals showed a high Seebeck coefficient which can be adjusted by changing layer numbers

1D lead iodide perovskites based on various pyridine derivatives were prepared by a solution temperature
lowering method. The structure and size of the 1D lead iodide hybrid perovskites were controlled through
careful selection of the organic molecules and growth conditions. The role of organic cations in
structure formation is also discussed. Face—shared, novel triple chain, side-shared, double chain 1D
structures were obtained. Compounds possessed an I-N-H hydrogen bond. The electrical conductivity
measurement results showed that all compounds had low electrical conductivity (in the range of pQ'm™).
The needle crystals of 1D lead bromide hybrid perovskites were grown using the anti-solvent vapor—
assisted method, which formed a side-shared structure and a triple chain structure. Doping of Bi* into
the lattice structure of the 4-AMPy-based compound influenced the bandgap as well as the electrical
conductivity of the compounds. The electrical conductivity of the crystal increased by three orders of
magnitude as the Bi®" doping concentration increased from 0 mol% to 3 mol%.

The optical properties of the four 1D lead iodide compounds based on pyridine derivatives were studied

The compounds exhibited broadband emissions with a large Stokes shift, which were assigned to self-
trapped excitons. The photoluminescence decay constants of the compounds were in the microsecond range

at 78 K and in the nanosecond range at 200 K.
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