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ABSTRACT

In this work, ZnO nanostructures were synthesized by radio frequency (RF)
sputtering and thermal oxidation techniques, to be used as ethanol sensors and dye-
sensitized solar cells. First of all, different ZnO nanostructures, for example,
nanobelts, nanowires and nano-tetrapods were obtained based on the designing
growth conditions; temperature and supersaturation ratio. Under low temperature and
low super-saturation ratio conditions, the growth results in wire-like structure. In
contrast, under high temperature and high supersaturation ratio conditions, the growth
results in sheet-like or belt-like structure. Moreover, under ultrahigh super-saturation
ratio, the growth results in tetrapod-like structure. In additions, their growth models

have been proposed based on the kinetics of anisotropic growth theory.



Vi

For ethanol sensor application, the sensors based on ZnO nanostructures were
fabricated and investigated for its ethanol sensing properties. It was found that the
sensitivities depended on the average size of ZnO structures, the sensitivity of the
sensor based on ZnO nanobelts exhibit higher value than that of the sensor based on
nanowires and tetrapods, respectively. To improve the sensitivity of the sensor, metal
doping; gold and platinum, was performed in ZnO nanostructures. The enhancement
of sensitivity due to metal doping to ZnO nanostructures can be explained either by an
increase of adsorbed oxygen density or an increase of reaction rate according to a
basic theory of the adsorption reaction of ethanol on ZnO surface. In additions, a new
and general equation to describe ethanol adsorption mechanism underlying the
sensitivity enhancement of ZnO nanostructure sensors has been proposed. The
equation can be used to explain sensitivity enhancement due to effect of metal doping,
surface-to-volume ratio, and surface depletion layer. Also, the slope value of the plot
between log (Sg-1) and log Cy suggested that adsorbed oxygen ion species at the
surface of the ZnO sensors was O*. Thus, it can be regarded as a general equation to

describe the sensitivity characteristics of ZnO sensors.

For dye-sensitized solar cell (DSSC) application, the structures of DSSCs
based on ZnO as a photoelectrode, Eosin-Y as a dye sensitizer, iodine/iodide solution
as an electrolyte and Pt/TCO as a counterelectrode. It was found that DSSCs based
on ZnO nanobelts can generate photocurrent with photoconversion efficiency of
0.6%. The higher Jsc in ZnO nanobelt DSSC sample indicates that larger amount of
dye adsorbed on surface of ZnO nanobelts than that of ZnO powder. The Jsc
increases with increasing a thickness of the ZnO photoelectrode for both powder and

nanobelt. Moreover, the Voc of ZnO DSSCs is independent on morphology and dye
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adsorption surface area of ZnO. To enhance overall energy conversion efficiencies,
buffer layers as a photoelectrode were studied. It was found that types of buffer
layers had effect on the J-V characteristics of DSSC. The DSSCs based on ZnO
nanobelts with ZnO thin films buffer layer exhibited the best performance with
photoconversion efficiency of 0.65%. The DSSCs with buffer layer exhibited better
photoconversion performance than DSSCs without a buffer layer due to the
improvement of interface between ZnO and FTO.  Finally, the obtained
photoelectrochemical results will be discussed in terms of energy band diagram and

the equivalent circuit model.
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