Abstract

This research focuses on the investigation of shaped Fe;O, and
FePt@FesO, core-shell nanoparticles (NPs), especially on the shape
control, core-shell structure and their potential applications. The
dissertation contains three main issues, including the shape-controlled
synthesis of Fe;O4 NPs, the shape-controlled synthesis of FePt@Fe;O,
core-shell NPs, and the special features and potential applications of the
above two kinds of shaped NPs.

The first part describes the shape evolution, formation mechanism, and
shape-induced assembly of FesO, NPs. The hot-injection method was
first used to synthesize the shaped FesO, NPs. By injecting the Fe
precursor into the hot reaction solution at 290 °C with controllable
Injecting rate, the monomer concentration can be easily adjusted. It was
found that the final shape of FesO, NPs was dominated by the surface
energy of each plane and monomer concentration. At lower monomer
concentration caused by the injecting rate of 10 mL/h, the limited
monomers preferentially grow on the high energy planes. Therefore, the
lowest energy {100} planes become the terminated planes resulting in
cubic FesO4 NPs. Furthermore, when the injecting rate becomes 20 mL/h,
the increased monomer concentration can alter the relative growth rates
of {100}, {110} and {111} planes, and the rhombicuboctahedral Fe;O,
NPs with the main terminated planes of {100} and {110} were obtained.
Both cubic and rhombicuboctahedral Fe;O, NPs have similar size of 16
nm, and can be self-assembled into crystallographic orientation-ordered

superlattice on TEM grids and textured-like assembly on Si substrates.



The second part of dissertation contains the shape-controlled synthesis
of core-shell structured FePt@Fe;O, NPs by using the hot-injecting
method and seed-mediated growth. The final shape of FePt@Fe;O4, NPs
was dominated by the growth condition of Fe;O, shell. Noteworthily, our
method has the advantage that the shaped cores are unnecessary to
synthesize shaped core-shell NPs. Additionally, HRTEM images further
verified that the epitaxial relationship between FePt core and Fe;O,4 shell
IS not necessarily, which indicates the similar lattice constants between
core and shell materials are not required. The above results indicated the
hot-injecting method combined with seed-mediated growth has fewer
requirements in synthesizing the metal core-Fe;O, shell NPs. The various
and desired core materials can be substituted to extend their applications.

The last part is the investigation of the special features and potential
applications of shaped Fe;O, and FePt@Fe;O, NPs, including the cation
site occupancies and MRI applications. The cation site occupancies of
FesO4 NPs measured by XMCD are strongly affected by their shapes. For
the cubic Fe;0, NPs, more ferric ions, Fe**, occupied the octahedral sites.
However, for the rhombicuboctahedral Fe;O, NPs, the cation site
occupancies are closer to the bulk Fe;O,4 The cation site occupancies
should be affected by the surface-to-volume ratio of NPs or by their
terminated planes. These results may help to study the catalytic abilities
of FesO, NPs. Finally, we also demonstrate that superparamagnetic
FePt@Fe;O, nanocubes show a high r, relaxivity and significantly
enhanced MRI contrast, which is attributable to the high magnetization of
the FePt core. In addition, the self-assembly of FePt@Fe;O, nanocubes

may become the potential multispectral MRI agent.
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