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Abstract

Nanocomposites of iron oxide nanoparticles with dual functionality of
superparamagnetic and photocatalytic properties were prepared using a three step
process. The iron oxide nanoparticles of magnetite and maghemite phases were first
synthesized using a thermal decomposition of iron-oleate complexes. Then amorphous
silica layer was coated onto the iron oxide nanoparticle surface using reverse micro-
emulsion process. In the last step, titania layer (second shell) were coated onto iron
oxide@silica core-shell nanoparticles using a sol-gel process under controlled condition.
The nanocomposites were characterized using X-ray diffractometer, transmission
electron microscope, surface area analyzer, vibrating sample magnetometer, X-ray
fluorescent spectrometer, and Fourier-transform infrared spectroscope. From the
analyses, titania in the outer layer was in the anatase phase and exhibited high
photocatalytic property, while silica interlayer prevents the loss of photocatalytic activity
from electron-hole recombination when anatase titania shells are directly coated onto
iron oxide. Titania-silica-iron oxide nanocomposites showed higher photocatalytic activity
than titania-coated iron oxide nanoparticles in the photodegradation of methylene blue
dye. These composites could be easily recovered from liquid phase using a magnetic
field. The 0.5 g/L composites can degrade more than 90 percent of 3 ppm methylene
blue under ultraviolet irradiation for 5 h. These composites could effectively photo-
degrade the dye for at least three cycles without regeneration. The effects of thickness
of silica interlayer were studied using 45 mg of iron oxide nanoparticles for degrading
methylene blue (12 ppm, 30 mL) under ultraviolet irradiation (5h). From our studies,
approximately 6 nanometer of silica interlayer is an enough thickness for the inhibition
of electron translocation between titania and iron oxide nanoparticles, and enough for
maintaining the efficiency of photocatalytic activity of titania nanoparticles. Moreover, the
nanocomposites exhibited high antibacterial properties against Staphylococcus aureus.
From our study, the nanocomposites can be useful in various applications such as
removal of pollutants and pathogenic bacteria with readily separation from the

environment using an external magnetic field.
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