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Abstract

In this work we investigated fabrication of semiconductor nanomaterials and
evaluated their potential for photo-chemical and photovoltaic applications.
We investigated two different II-VI semiconductor nanomaterial systems;
(i) ZnO oriented nanowire arrays non-epitaxially grown from a substrate;
and (ii) colloidal CdTe nanotetrapods synthesized by solution-based thermal
decomposition of organo-metallic precursors. In both the cases our main focus
has been optimizing material synthesis for improving potential applications
based on photon-electron interactions.

We have studied the synthesis of vertically aligned ZnO nanowire arrays
(NWA), by a wet chemical process on various substrates. The synthesis is
based on epitaxial growth of ZnO seed-layer on a substrate in a chemical bath
consisting of an aqueous solution of zinc nitrate and hexamethylenetetramine
(HMT). We have suggested an additional role played by HMT during the
synthesis of ZnO nanowire arrays. We have also extended this synthesis
method to fabricate hierarchical nanostructures of nanofibers of poly-L-
lactide acting as a substrate for the radially oriented growth of ZnO nanowires.
The combination of high surface area of the nanofibrous substrate with the
flexibility of the PLLA-ZnO hierarchical nanostructure enabled the proof-
of-principle demonstration of a ‘continuous-flow’ water treatment system
that could effectively decompose single and combination of known organic
pollutants in water, as well as render common waterborne bacteria nonviable.

We have studied another chemical synthesis that is commonly used for
size controlled synthesis of colloidal quantum dots, which was modified to
obtain anisotropic nanocrystals mainly for CdE (E=S, Se, Te) compositions.
In this work we demonstrate by use of oleic acid (instead of alkylphosphonic
acids) it is possible to synthesize CdTe and CdSe nanotetrapods at much lower
temperatures (~180 ºC) than what is commonly reported in the literature, with
significantly different  formation mechanism in the low-temperature reaction.

Finally, we have performed preliminary photoconduction measurements
with CdTe nanotetrapods using gold ‘nanogap’ electrodes fabricated in-
house, and obtain up to 100 times enhancement in current levels in the I–V
measurements under illumination with a white light source.
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