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Abstract

In this work, we intially aim to find out a novel and simple route to decorate
carbon nanotubes with gold nanoparticles for catalysis/electrocatalysis application. We
first prepared a carbon nanotubes/polyoxometalate suspension by sonicating
mutiwalled-carbon nanotubes, which were synthesized by a template enhanced CVD
method using AAO as a template, in a phosphomolydic acid solution (prepared in a
diluted sulfuric acid solution) for one hour. The resultant was used as a starting material
for gold deposition without any further purification. After adding a commercial gold
sulphite plating solution, ECF-77A, and sulfuric acid, we can obtain a hybrid material of
gold nanoparticles-carbon nanotubes. Thus, this preparative method can be considered
as one-pot simple route for decorating carbon nanotubes with gold nanoparticles without
using any organic solvent, high-cost equipment or heat. Transmission electron
microscopy (TEM) characterization of the obtained samples further indicated that this
synthetic method can generate gold nanoparticles specifically on the surface of the
tubes without any by-product formation when the synthetic condition is well optimized.
However, due to fast dismutation reaction occurring (reaction time can be less than one
minute), this method leads gold nanoparticles with size larger than 10 nm, thus, it finds
difficulty for reaching the catalysis application. Afterward, we investigated experimentally
for first time the thermal stability and electrocatalysis of the ultrathin AUNWSs (diameter
less than 2 nm). These nanowires can be synthesized by a chemical reaction which is
simple as much as dismutation reaction studied in the former case. The study of the

structural stability of the synthesized gold nanowires revealed that the wires exhibited

very low structural stability at the temperature closed to room temperature of 60 °c
when the surface stabilizer was removed. The structure of the wires completely changes
to spherical particle within 24 hours of the heat treatment. This result shows that, in
order to reach practical applications, it is required to prior stabilize the wires surface by
a stabilizer that has potential high enough to retain the wires surface or do chemical
modification of the wires surface or find a suitable supporting material for the wires.
Later, the survey on the electrochemical catalysis of gold nanowires revealed that gold
nanowires (here they can supported on a glassy carbon electrode without using of any
binder e.g. Nafion®) can not catalyze most of important electrochemical reactions, the
methanol oxidation, the ethanol oxidation and the formic acid oxidation, investigated
here while they are electrochemically active for the H,O, oxidation-reduction and the

oxygen reduction (ORR). However, for the H,0, oxidation-reduction, we found that the



potential range corresponding to the reaction is out of range of the electrode potential
window, thus, it can not use suitably for the reaction. In conclusion, the electrode
fabricated by using gold nanowires showed good characteristics only for the ORR
reaction. The ORR reaction detections indicated that gold nanowires can catalyze the
ORR reaction and the reaction occurs so quickly that the reaction rate is the rate of
transport of the reactants through the reaction medium (diffusion-controlled reaction).
The investigation of the electrochemical stability of the electrode showed that the wires
exhibited good stability for the ORR reaction only for 30 first run of the reaction (more
than 95% in current density was retained). After the stability of the wires toward the
reaction was dramatically decreased, only 60% in current desity was reserved after 100
run. Thus, it is expected that the ultrathin AUNWSs could be a new candidate electrode
material for other electrochemical reactions and/or detection if they could be stabilized

by an effective stabilizer or a suitable supporting materials.
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