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Title
Development of size-selective synthesis, isolation, and analysis of
nanomaterials with laser vaporization
Abstract

Laser vaporization of solid and liquid samples emits atoms, molecules and ionic species
in the irradiation of the focused intense laser. Nanoclusters and nanoparticles (NPs) with
unique properties are fabricated by the laser vaporization and re-condensation of atoms and
molecules in gas phase, and solute molecules are selectively isolated from the solution. In
gas phase, furthermore, the combination of mass spectrometry and spectroscopic methods
with the laser vaporization enables the advanced evaluation of functionality of nanoclusters
at high sensitivity without any environmental factors such as solvent. In many cases,
however, the scarce amount of nanocompounds obtained with the laser vaporization limits
the analytical methods, and the shattering dynamics has not yet understood well for the
isolation of solute molecules with IR laser vaporization. Therefore, it has been difficult to
clarify how the properties of liquid-phase synthesized NPs are affected by the environmental factors such
as solvent and organic ligands, and how the droplet shattering by the IR laser evaporation is applicable to
the mass spectrometry (MS) such as electrospray ionization (ESI) MS.

In this thesis, in order to develop a new methodology for nanomaterials bridging between the gas
phase and liquid phase, size-specific properties and the surface modification with organic molecules have
been investigated by the synthesis of the Ni NPs size-selectively and their deposition onto substrates by
combining the laser vaporization of metal sample and an electrical mobility analyzer. Furthermore, a
new method has been developed to remove the solvent selectively and to isolate the ionic species with IR
laser vaporization for liquid microdroplets. The shattering dynamics of microdroplets has been discussed
through the intensity-, wavelength-dependence, and the laser irradiation techniques.

In Chapter 1, the research background and the content of each chapter in this thesis are
described.

In Chapter 2, the experimental methods of fabrication of metal NPs with laser
vaporization, size-selection of NPs, and ion desorption with the IR laser vaporization of a
liquid microdroplet are described.

In Chapter 3, a new method is established to enclosure the size-selected ligand-free Ni
NPs without air exposure and consequential surface contamination, and temperature- and
field-dependence of the magnetization are measured. Comparison between ligand-free and
amine-capped Ni NPs has shown that nonmagnetic layer of 1-2 nm thickness is formed at the
surface for the amine-capped NPs.

In Chapter 4, IR laser vaporization process of liquid microdroplet is investigated by the
ion current measurement and the time-resolved CCD imaging. The compression of the
splashes and enhancement of ion transportation efficiency is observed with the dual IR laser
irradiation from the opposite direction, and shattering dynamics is unveiled through the
dependence on laser intensity and wavelength.

In Chapter 5, the results in this thesis are summarized.




