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Abstract

YVO.:Bi* Eu®" converts near-UV light to red light. Its nanoparticles whose sizes are less
than wavelength of the visible light shows high transparency owing to low light scattering
intensity. Composites of the nanoparticles and a transparent matrix have a potential to enhance
photoelectric conversion efficiency of monocrystalline silicon photovoltaic (c-Si PV) modules
with low spectral response in the near-UV region. High transparency in the visible region is
needed for this application. Therefore, nanoparticles must be dispersed in a transparent matrix
without their aggregation. The surface of the nanoparticles is negatively charged by adsorbed
citrate ions. In this study, highly transparent composites containing well-dispersed nanoparticles
in a matrix are fabricated by taking advantage of electrostatic repulsion.

Chapter 1 describes the background and purposes of this study.

Chapter 2 describes the methods for characterization.

Chapter 3 describes optical properties of YVOs, YVO«Bi**, and YVO4Bi** Eu®
nanoparticles prepared from citrate precursors by wet synthesis. Moreover, composite films of
the nanoparticles and hydrophilic polyurethane resin were fabricated on glass substrates by
barcoating method. The film samples showed transmittance >80% in the visible region. On the
other hand, nanoparticles in films absorbed near-UV light. Photoluminescence properties of the
film samples depend on the used nanoparticles.

Chapter 4 describes the composite of YVO.:Bi®" Eu®" nanoparticles and silica. Monolithic
composites were fabricated from tetramethylammonium silicate aqueous solution and the
nanoparticles by sol-gel method. The samples showed transparency >75% in the visible region
and photoluminescence properties of the nanoparticles. The proportional relationship between
photoluminescence intensity and optical density at excitation wavelength indicates that light
scattering intensity of the nanoparticles is negligibly low.

Chapter 5 describes the composite of YVO.:Bi**,Eu®" nanoparticles and silicone-modified
acrylic resin nanoparticles. Films were fabricated on transparent conductive substrates by
electrophoretic deposition. The 3 um thick film showed transparency >80% in the visible
region. However, light scattering intensity of the resin nanoparticles increased with increasing
the thickness. The relationship between photoluminescence intensity and the optical density
indicates enhancement of the excitation efficiency for the fluorescence nanoparticles.

Chapter 6 describes the application of YVO4:Bi** Eu* nanoparticle film to a photovoltaic
module. Effects of the wavelength conversion on the photoelectric conversion efficiency was
revealed from measurement of a c-Si PV module attached with samples prepared in Chapter 3.

Chapter 7 describes the investigation on photoluminescence properties of annealed
YVO4:Bi**,Eu®" nanoparticles. Annealing at 300 °C improved photoluminescence quantum
efficiency and photostability. This is attributed to elimination of adsorbed water which quenches
excited Eu** and decomposition of the citrate ion with photoreducibility. However, the
photoluminescence intensity decreased at >400 °C. This might be attributed to formation of
byproducts and increase in surface defects due to decomposition of the surface modifier.

Chapter 8 summarizes the results of this study and further prospect.




