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Abstract:

Electrochemical sensors and biosensors are very favorable due to their high sensitivity
and selectivity, portable field-based size, rapid response time and low-cost. On the other
hand, electrochemical sensors have had some limitations: electrochemically active
interferences in the sample, weak long-term stability, and particularly troublesome
electron-transfer pathways. Recently nanostructures have been significant role in
development of fast, sensitive and selective electrochemical sensors and biosensors for
clinical, inviromental and industrial analysis. Among various nanostructured materials,
metal oxides and carbon nanotubes have wide practical applications in the field of
electroichemistry in particular electrocatalysis. Furthermore electrochemical properties of
nanostructres strongly depended to the construction method. Between different possible
synthesis methods for preparation of metal oxide nanostructures, electrodeposition
synthesis are attracting because it is safe, environmentally friendly, easy and is typically
performed at low temperatures (less than 200 °C). Electrocrystalization methods and
various affective parameters were explained. In addition, different characterization
methods were briefly illustrated. Finally, application of metal and metal oxide
nanostructures in design and construction of sensors and biosensors were studied.

In chapter 2, fabrication of three types of metal oxides was studied. Metal oxide
nanostructures, including cobalt oxide (CoOx), zinc oxide (ZnO), and iridium oxide
(IrOx) nanostructures, were prepared by the electrodeposition techniques. A polished and
clean surface of the glassy carbon electrode is used as a substrate for el ectrodeposition of
metal oxide nanoparticles. Preparations of cobalt and iridium oxides nanoparticles were

taken place during dynamic potential condition, but static potential condition was used to



synthesis of zinc oxide nanoparticles. The morphology and structure of resultant
nanoparticles were evaluated by scanning electron microscopy (SEM) and X-ray
diffractometry (XRD). Electrochemical behaviors of metal oxide nanostructures were
characterized by impedance spectroscopy and cyclic voltammetry. Shape and size of
cobalt oxide are changed due to the variation in applied potential condition from
spherical to worm like nanostructures.

In chapter 3, further characterization and different applications of cobalt oxide
nanostructures was studied. Cyclic voltammograms of electrodeposited cobalt oxide
nanostructures on to glassy carbon electrode showed well defined and stable redox couple
due to the reduction and oxidation of cobalt oxide and hydroxide film. The
electrochemical behavior of cobalt oxide film was studies in solutions with different pH
value. Kinetic charge transfer properties of corresponded redox couple were evaluated.
The result showed cobalt oxide could be used as an electron transfer mediator due to its
fast electron transfer properties. Recorded cyclic votammograms of cobalt oxide in the
presence and absence of different analyte showed excellent electrocatalytic activity
toward hydrogen peroxide, insulin, guanine and arsenit ions. Furthermore, due to high
porosity and good compatibility of cobalt oxide nanostructure, it can be used to
immobilization of different enzymes and biomolecules. Cobat oxide was used to
immobilization of Hemoglobin (Hb), Flavin Adenine Dinucleotide phosphate (FAD) and
Cholesterol Oxidase(CHox). Immobilizations of these biomolecules were taken place via
consequent cyclic voltammetry. Electrochemical behaviors of constructed bio-electrodes
were investigated by cyclic voltammetry, impedance spectroscopy and UV-Visible

spectroscopy. Applicability of the fabricated cobalt oxide/biomolecules modified



electrodes to determination of different spices was studied. Recorded cyclic
voltammograms of FAD-cobalt oxide, Hb-cobalt oxide and ChOx-Cobalt oxide modified
electrode showed drastic electrocatalytic activity toward nitrite, hydrogen peroxide and
cholesterol respectively. Typica amperometry and flow injection analysis were used to
achieving the optimum analytical parameters.

Applicability of the electrodeposited nanostructures of zinc and iridium oxides in
designing of sensor and biosensor was studied in chapter 4. Electrodeposition under
potentiostatic condition was used for the fabrication of zinc oxide nanoparticles. The
SEM-imaging techniques showed that the obtained ZnO nanparticles are spherical , with
same size and shape. Due to the individual interaction between zinc oxide and most
biomolecules, immobilization of guanine oxidation products was take place by repetitive
cyclic voltammetry. Electrochemical investigations indicated that 8-oxo-guanine was
immobilized onto zinc oxide nanoparticles. Direct electrochemistry of 8-oxo-guanine was
studied at the surface of zinc oxide nanoparticles. Finaly, electrcatalytic activities of the
modified metal oxide nanoparticles were proved by voltammetric techniques. The results
showed excellent electrocatalytic activity of 8-oxo-guanine modified glassy carbon
electrode toward the electrooxidation of I-cysteine. Amperometric technique was used to
evaluation of the fabricated sensor. Morphology of resultant Iridium oxide film during
electrochemical deposition was investigated by AFM and SEM microscopy. The results
showed very rough and needle like structure. Cyclic voltammograms of the Iriduim
oxides nanoparticle showed well defined and very stable redox couple, due to reduction
and oxidation of oxide film. In this work for the first time, iridium oxide nanoparticles

were used in electroreduction process. Recorded cyclic voltammograms of iridium oxide-



glassy carbon electrode showed drastic catalytic activities toward electroreduction of
iodate and periodate at unusual positive potential (+0.7V). Typical amperometry and flow
injection analysis were used to evaluation of analytical parameters of modified electrode.
Based on consumption of periodate in the presence of vicinal-diols, a sensitive sensor for
sugars was fabricated. Cyclic voltammetry, amperommetry and flow injection analysis
were used to determination of sugars via consumption of periodate.

In the last part of this thesis, the GC electrode was modified by multiwall carbon
nanotube and Rh-Complex. Electrochemical behavior of the modified electrode was
investigated in different pH values. The electrocatalytic behavior of modified electrode in
presence of nitrite was studied by cyclic voltammetry. The results showed two well
known catalytic responses corresponded to electrocatalytic oxidation (at 0.75V) and
electroreduction (at -0.5V) of nitrite. Typical amperometric and Flow injection analysis
were used to characterization of fabricated sensors. Anti-interferences effect of the
modified electrode was proved by recording of amperometric responses in the presence
of nitrite and different interferences. The performance of sensor was investigated by
determination of nitrite in meat products as a real sample. The results obviously shows

the advantages of nanostructures which applied in fabrication of sensors and biosensors.
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