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In this study, we provide a direct evidence of the controlled structure of silicon quantum dots (SiQDs) which allows
the enhanced photoluminescence quantum yields (PLQYSs). Specifically the ligand exchange between the hydrogen
atoms and hydrocarbon chains led to the dramatic enhancement of PLQYs from 1.7% to 56%. According the
systematic study on temperature dependence of PL properties along with relaxation dynamics, we discussed that the
alkyl monolayers provide an anchor that prevents the lattice distortion of the diamond cubic lattice of Si, thus
inhibiting the creation of nonradiative channels. It is noteworthy that this anchoring effect is responsible for the high
PLQYs [J. Phys. Chem. C. 2018, 122, 6422]. In the next study, the highly-emitting SiQD was used as an active layer
for light emitting diode. We proposed that inverted structure of the diode provides a good optical performance such
as a high external quantum yield (~3.5%), a long device lifetime, and stable electroluminescence spectral stability
even at high operation voltage [J. Phys. Chem. Lett. 2018, 9, 5400]. This device structure is mounted in the optical
cavity for investigating optical gain of the spontaneous emission, but optical gain was not obtained. To overcome the
problem, we developed a method for impurity-doping into the SiQD lattice [Angew. Chem. Int. Ed. 2017, 56, 6157].
For preparation of an active layer in which SiQD are densely packed, we investigated the electrophoretic deposition
process for SiQD [Mater. Trans. 2019, 60, 49]. We also developed a chemical method to prepare blue-emitting silica
nanoparticles that exhibit the PLQY of 34% for device fabrication working in the short-visible wavelength region [J.
Mater. Chem. B 2017, 5, 1363].




