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ABSTRACT

The electronic nose is a useful tool for analyzing, classifying, or identifying 

complex chemical mixtures. It consists of an array of non-specific vapor sensors. In 

general, a sensor array is designed such that each individual sensor responds to a 

broad range of chemicals, albeit with a unique sensitivity relative to the other sensor. 

To improve the electronic nose into a small size with low power consumption and 

sufficient sensing abilities is the aim of development. To fulfill this, smart materials 

are needed. Metal oxides are materials that satisfy such purpose. In this work, 

synthesis of nanostructures of MoO3 and SnO2 were firstly studied. Then, 
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measurement of electrical and optical properties of MoO3 and SnO2 were carried out. 

Sensors based on such materials were fabricated for gas sensor application. Finally, 

array sensors based on these sensors and with commercial sensors were fabricated for 

e-nose applications.   

For synthesis of nanostructures, MoO3 nanoplates were synthesized using 

vapor transport method. Ion implantation technique was used to modify the surface of 

MoO3 single crystals and their electrical properties. MoO3 nanobelts and nanowires 

were also obtained by using carbon ion and nitrogen ion implantation, respectively. 

SnO2 nanowires, mixed nanodendrites and beaded nanoparticles, were synthesized by 

using the carbothermal reduction technique. Characterization of such nanostructures 

was carried out using scanning electron microscopy (SEM), transmission electronic 

microscopy (TEM), x-ray diffractometer (XRD), and Raman spectroscopy. Results 

showed that MoO3 nanostructures had an orthorhombic structure. MoO3 nanobelts 

were grown in the [001] direction. Raman scattering showed that ion implantation 

induced defects in MoO3 single crystals, which led to higher electrical conductivity of 

the implanted whisker compared to that of an unimplanted whisker. SnO2 nanowires 

exhibited a tetragonal rutile structure and growth direction of [101] and ]121[ was 

observed.

For gas sensor applications, sensors based on MoO3 thick film, SnO2 thick 

film, SnO2 nanostructures, and Au-impregnated SnO2 nanostructures, were fabricated 

on an 8 pin IC socket. The thick films of MoO3 and SnO2 were developed based on 

precipitation technique. Gas sensing properties of the sensors were examined with 

ethanol concentrations of 50 1000 ppm at temperatures of 220 380 C. The 
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maximum sensor response of MoO3 thick film, SnO2 thick film, SnO2 nanostructures, 

and Au-impregnated SnO2 nanostructures was 11.5, 9, 43.2, and 52, respectively, at 

200 ppm of ethanol concentration.

The array sensors were examined for ethanol, hydrogen, methanol, acetone, 

toluene, iso-propanol, gasoline, and ethanol blended gasoline. The data generated 

from the array sensors were chemometric studied, including Bayesian analysis, 

principal component analysis (PCA), and linear discriminant analysis (LDA). In 

addition, a row-wise standardization technique was employed to eliminate the 

concentration dependence of response. The results showed that these array sensors 

could be used as devices for e-nose application. 
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