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II-VI group zinc chalcogenide quantum dots (QDs) have high potentials in next—-generation
of opto-electronic devices because of environment friendly materials with violet-blue
and blue emissions. In this term, [ focused on maintenance of laser systems and data

analysis of transient absorption (TA) spectra of Zn—-containing QDs.

1) Maintenance of laser systems for time-resolved spectroscopies.

2) Data analysis of TA spectra of ZnSe/ZnS core/shell QDs

The TA experiments of ZnSe/ZnS core/shell QDs were performed with 266 nm excitation
and detected in UV-visible region. 266 nm pump pulse was the sum frequency of 800
and 400 nm, and UV-visible probe pulse was the super—-continuum from a thick BBO crystal
with the excitation of 800 nm.

With low excitation intensity, single exciton dynamics of ZnSe core and ZnSe/ZnS
core/shell QDs was studied. 1S state filling was observed immediately after 266 nm

excitation. Meanwhile, a wide photo—induced absorption band was observed on the red
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side of 1S state filling, which is assigned to trapped electrons. With increasing
excitation intensities, Auger recombination process was observed. However, in the
present samples, the lifetimes of Auger recombination process of ZnSe core and ZnSe/ZnS
core/shell QDs are very similar. Quantum yields of both QDs are similar. The ZnS
passivation might be not completed. The synthesis method should be revised to obtain

a good shell passivation of the core/shell QDs.

3) Data analysis of TA spectra of InP/ZnS alloy QDs

The TA experiments of InP/ZnS alloy QDs were performed with 400 and 485 nm excitation.
With low excitation intensity, single exciton dynamics was studied. Excited electrons
relaxed from 1P state to the lowest excited state within 300 fs after 400 nm excitation.
A following ~10 ps relaxation process is still in consideration, which might be
assigned to electron trapping or relaxation of hot hole. After that, a 3.0 ns relaxation
of the excited electron is in good agreement with the photoluminescence result. With
increasing excitation intensities, Auger recombination process was observed. The
lifetime of Auger recombination process will be discussed in terms of particle size

and energy band structure of the alloy QDs.

4) Submission of the manuscript of ultrafast dynamics of Au nanopolyhedrons

Coherent acoustic phonon vibrations of Au nanopolyhedrons including nanocubes,
nanoctahedrons, and nanocuboctahedrons in aqueous solutions and poly(vinyl alcohol)
films are investigated using a transient absorption spectroscopy combined with a
finite element analysis based on continuum elastic theory. In each kind of
nanopolyhedrons, two vibrational modes were observed and induced by the same
mechanism, thermal expansion, owing to similar quality factors and phases in both
modes. The low—frequency vibrational mode conducts a tip-to—tip displacement in each
nanopolyhedron. In contrast, the high-frequency mode is the breathing vibration of
the whole particle and represents a morphology dependence, which shows a face—to—face
displacement in nanocuboctahedrons, an edge-to—-edge displacement in nanoctahedrons,
and combination displacements of face-to—-face and edge-to—edge in nanocubes

Moreover, a clear phonon beat can be identified upon the two vibrational modes of
nanocuboctahedrons. Our experimental results provide a possible application of

morphology-controllable metal nanoresonators.

Publications:

1) L. Wang, Shohei Takeda, Ryota Sato, Masanori Sakamoto, Toshiharu Teranishi, Naoto Tamai,
“Morphology-Dependent Coherent Acoustic Phonon Vibrations and Phonon Beat of Au

Nanopolyhedrons” , ACS Omega 6, 5485-5489 (2021)
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