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ABSTRACT

Copper oxides, CuO and Cu.O, are an attractive semiconductors to apply in
photovoltaic devices due to their high absorption coefficients, good carrier, easy
preparation in several shapes and low cost. These lead to application of copper oxides
used in dye-sensitized solar cell (DSSCs). Nowadays, the DSSCs are still low
efficiency. Therefore, several new ways are purposed to enhance the efficiency and
competitiveness with other solar cell types. The copper oxide nanostructures used in the
DSSCs showing a novel method to improve the enhancement. In this work, copper
oxide nanostructures, were quickly and easily synthesized by microwave-assisted
thermal oxidation technique. They were in mixed phases of CuO-Cu20O structures. Both
structures were obtained in two forms, CuO-Cu.O nanofibers and CuO-Cu.0
nanoparticles. First, the CuO-Cu.O nanofibers were fabricated by using only pure
copper powders as a precursor under microwave radiation under a normal atmosphere at
a room temperature. Masses of copper powders (0.1 - 1.6 g) were varied at different
heating times (1-11 min). The optimum parameters were obtained and were then applied
to fabricate CuO-Cu20O nanoparticles by using ethanol addition at different quantities of
0.2, 0.3, and 0.4 mL. Both of copper oxide nanofibers and nanoparticles were
characterized by FE-SEM, XRD, TEM, and RAMAN. The nanofibers showed a

cylindrical shape with average sizes and length of 500-5,500 nm and 2.5 cm,



respectively. While, the nanoparticles showed a spherical shape in the diameter range of
80-120 nm.

Next, the formation mechanism of CuO-Cu,O nanofibers and the influence of
ethanol on CuO-Cu20 nanoparticle formation were investigated. Without ethanol
addition, wave absorption of copper powders in electromagnetic field provides a major
heating of microwave-Cu interaction resulting in conduction loss at the Cu surface.
Then, the localized heating resulted in high vapor pressure of copper oxides leading to
the formation of copper oxide nanofibers. Whereas, ethanol addition in pure Cu can
generate a dielectric loss by vibration of electric dipoles leading to the higher total
heating and higher supersaturation vapor pressure in the system causing a lower of
activation barrier for nucleation. Moreover, the ethanol, also, accelerated self-

organization process to form copper oxide nanoparticles in spherical shape.

Finally, CuO-Cu.O nanofibers were applied as an additional layer in
photoelectrodes of ZnO based dye-sensitized solar cell (ZnO DSSCs). The nanofibers
were prepared in viscous solution form at different masses (1.14, 2.28, 3.42, 4.56, and
5.70 mg) and coated on the ZnO layer. Whereas, CuO-Cu,O nanoparticles were
prepared in various concentrations, 2-8 mM, followed by coating on ZnO layer in the
DSSCs. Then, both application, ZnO DSSCs with a nanofiber layer and ZnO DSSCs
with a nanoparticle layer, were measured under a solar simulator and UV-vis
spectrometer. The electric and optical properties of the both application were
investigated and compared with pure ZnO layer in DSSCs. It clearly observed that the
efficiency enhancement of the ZnO DSSCs coating by the CuO-Cu20 nanofiber layer is
related to an increase of charge carrier density that faster than charge recombination
rate. The high performance can be clarified by the large internal surface area for dye
adsorption and by the wide photon absorption range. While, the using CuO-Cu,O
nanoparticle layer increased the light-harvesting in the ZnO DSSCs due to the larger
homogenous size of CuO-Cu20 nanoparticles compared to that of ZnO. This resulted in
improving a light scattering. Also, the photovoltaic properties of the CuO-Cu20 can
improve a wide absorbance in the visible light region comparing to a pure ZnO layer
resulting in the higher power conversion efficiency. Therefore, application of the both



nanostructures as an additional layer in the DSSCs can provide more photovoltaic
activation. So far, this is the best approach compared to a single structure electrode for

improving the cell efficiency of ZnO.



