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ABSTRACT

An optical gas sensor is a device which detects and analyzes various kinds of
gases based on changes in the optical properties of a thin film of sensing materials.
For organic optical gas sensors, this film is fabricated from organic compounds,
e.g. porphyrin molecules, which can detect vapor molecules by monitoring the
optical absorption spectra. The objective of this thesis is the development of
magnesium-5,10,15,20-tetraphenyl-porphyrin (MgTPP) to detect various volatile
organic chemical vapors. The performance of optical gas sensors fabricated from
two types of organic molecules, namely, MgTPP and 5,10,15,20-tetra-phenyl-
21H,23H-porphyrin (ZnTPP), has been compared. The organic thin films were
prepared from the spin coating technique. MgTPP thin films which were processed
by thermal annealing under argon atmosphere exhibited responses with methanol,
ethanol and isopropanol. The annealed films were investigated by an atomic force
microscope (AFM). The results confirmed that the annealed films were
microcrystalline. The alcohol sensitivity of the films, normalized by the alcohol
molar concentration, was compared with the density functional theory (DFT)
calculations for the interactions between MgTPP and VOCs molecule by varying
the distance between the oxygen atom in an alcohol molecule and the magnesium
atom in the porphyrin molecule. The calculations indicated some charge transfer
between Mg-O bonds when porphyrin interacts with the alcohol molecule.
Moreover, MgTPP films which were processed by a methanol-vapor treatment
were found to yield a good sensing response only with a methanol vapor. Finally,
the efficiency of optical gas sensors fabricated from two types of organic
molecules, MgTPP and ZnTPP, was compared. The results from the PCA method
confirmed that both gas sensors were able to separate three types of alcohol,
acetone, acetic acid and three types of alcoholic beverages. MgTPP exhibited a
better sensing response with methanol than ZnTPP, whereas ZnTPP showed a
better sensing performance with alcoholic beverages and water.
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