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ABSTRACT

Flame spray pyrolysis (FSP) was employed to synthesize pure ZnO and niobium-
doped ZnO nanoparticles containing 0.10-3.00 mol% Nb. Precursor solutions of zinc
naphthenate and niobium (V) ethoxide in toluene/methanol (70/30 vol%) were sprayed
and combusted, resulting in crystalline and nanostructured particles. The crystalline
phase, morphology and size of the nanoparticles were characterized by X-ray diffraction
(XRD) and high resolution transmission electron microscopy (HR-TEM). The specific
surface area of the nanoparticles was measured by nitrogen adsorption (BET analysis).

The ZnO nanoparticles were observed as particles having the clear spherical, hexagonal
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and rod-like morphologies. The crystallite sizes of ZnO spherical and hexagonal particles
were in the range of 5-20 nm. ZnO nanorods were found to be ranging from 5-20 nm in
width and 20—40 nm in length. Ave rage diameters of Nb particles/clusters deposited on
ZnO were determined to be approximately 1.5 nm for 1.00 mol% Nb-doped ZnO
nanoparticles. The optical properties of ZnO samples were evaluated in terms of UV-vis
absorption spectra.

Bulk-heterojunction (BHJ) solar cells utilizing P3HT:PCBM composite doped
with Nb-doped zinc oxide nanoparticles produced by FSP were fabricated. The devices
loaded with and without Nb-doped ZnO nanoparticles were compared. It was found that
Nb doping led to a slight increase in open circuit voltage and an increase in short circuit
current that scaled with Nb concentration. Additional comparison was made between the
device fabricated with 3.00 mol% Nb-doped ZnO and pure ZnO device. These also
showed a similar open circuit voltage increased and an increasing in current when doped
with Nb-doped zinc oxide nanoparticles concentration up to 30% by volume and then
drops off at 33% Nb-doped ZnO nanoparticles by volume. The effect of co-solvent (1, 3,
5-trichlorobenzene; TCB) in chlorobenzene in the polymer solution was also investigated
on the morphology and performance of a P3HT:PCBM and P3HT:PCBM:Nb-doped zinc
oxide bulk-heterojunction solar cells. The device efficiency was improved due to a good
quality of the thin film nanostructure and annealing time.

The effect of 0.25, 0.50 and 1.00 mol% Nb doping concentration on gas sensing
properties of pure ZnO based on the results from gas sensing test was discussed. After the

sensing tests, the morphology and the cross-section of sensing film were analyzed by
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SEM and EDS analyses. The sensor performance of spin coated ZnO thick film-based
NO; sensor was enhanced by Nb-doping. ZnO nanoparticles doped with 0.50 mol% Nb
exhibited an optimum NO; response of ~1640 and a very fast response time of 27s
compared to pure ZnO sensing film at a NO; concentration in air of 4 ppm at 300°C. The
low NO, detection limit of 0.50 mol% Nb-doped ZnO was found to be 0.1 ppm at 250°C.
Furthermore the 0.50 mol% Nb-doped ZnO sensor films are highly sensitive to low NO,
concentrations (4 ppm) at 350°C. The sensing films showed lower gas response to other
gases: CO (1000 ppm), C,HsOH (1000 ppm) and acetone (1000 ppm) suggesting the
specific use of 0.50 mol% Nb-doped ZnO sensing films are for selective detection of
these four gases.

High surface area of pure ZnO and Nb-doped ZnO nanoparticles containing 0.25,
0.50 and 1.00 mol% Nb were also investigated for the photocatalytic activities. The
photocatalytic mineralization of ethanol, methanol, sucrose and glucose were investigated
using pure ZnO and Nb-doped ZnO nanoparticles as photocatalysts in aqueous solutions
under UVA irradiation. It was found that the rate of 50% mineralization of ethanol by
0.50 mol% Nb-doped ZnO was higher than that of pure ZnO, indicating an enhanced

photocatalytic performance of ZnO by doping with an optimum amount of Nb.
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