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In this thesis, fabrication and characteristics of magnetic hollow spheres with nanosized porous 
shell were investigated from the viewpoint of its application to magnetically guided drug delivery 
system. I proposed two types of porous hollow sphere composed of FePt alloy. One was hybrid 
capsules composed of FePt nanoparticles and a single layer of water-soluble polymer. The other was 
porous hollow spheres with an FePt netlike nanoshell fabricated by supercritical fluid treatment of 
FePt-nanoparticle/polymer/silica core-shell particles, followed by the removal of silica template 
particles.  

Firstly, FePt nanoparticles were accumulated to five kinds of polymer-modified silica template 
particle, and I showed FePt nanoparticles were accumulated uniformly onto the surface of silica 
template particles modified with cationic polyelectrolyte. The cationic polyelectrolyte can be adsorbed 
uniformly to the negatively charged surface of silica particle, and the FePt nanoparticles are 
accumulated to the polymer layer, which supplies nucleation sites for the nanoparticles. 

Nanosized thin shells with large pores were fabricated by controlling an accumulation density of 
FePt nanoparticles to the polymer layer for the two types of porous hollow sphere. In the hybrid 
capsule, the occupancy of FePt nanoparticles on the surface of silica template particles was required to 
be above 70 % to maintain the three-dimensional structure. In the porous hollow spheres with the 
netlike nanoshell, the three-dimensional structure was maintained by optimizing conditions of 
supercritical ethanol treatment even when the occupancy was 50 ± 10 %, and the netlike nanoshell 
with large pores was obtained. To obtain the porous structure, the occupancy of FePt nanoparticles on 
the surface of template particles should to be less than 87 ± 8 %. 

The FePt netlike nanoshell was fabricated by changing thermal treatment conditions, and I revealed 
that the netlike structure was obtained by optimizing the treatment time and that the island structure 
was obtained at the final stage. Thermal fusion of FePt nanoparticles are needed to obtain the netlike 
structure, and neighbouring FePt nanoparticles must be contacted to obtain the fused netlike structure 
from FePt nanoparticles. 

I showed supercritical fluid treatment was a novel method for fabricating porous hollow spheres 
with the netlike nanoshell. Under a typical condition (supercritical ethanol treatment at 673 K and 10 
MPa for 1.5 h), I obtained porous hollow spheres with an FePt netlike shell whose pore size was 18.3 
± 8.3 nm, shell thickness was 10.5 ±3.0 nm and magnetization at 9 T was 26.2 emu/g. 

In a cell assay, I showed that the porous hollow spheres have functions of loading and releasing 
drug agents, and they can be attracted as a drug carrier by external magnetic fields, leading to the 
death of cancer cells more effectively than nonmagnetic carriers. 


