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ABSTRACT 

 

The interest in molecular electronics is largely due to the scaling down of IC (integrated 

circuit) components. Over the years a number of designs for molecular wires and 

transistors have been proposed. One example is the molecular rectifier. The initial 

designs of the molecular rectifier relied on a donor-bridge-acceptor (DBA) structured 

molecule, in which donor and acceptor are delocalized electron centers and the bridge 

serves as a barrier. It was believed that the asymmetry in donor and acceptor would lead 

to rectification. Later rectification was observed from such DBA structured molecules, 

but they also found out experimentally it was inevitable to introduce asymmetry at the 

molecule-electrode interface. So the interpretation of the rectification became 

complicated. Furthermore, a number of molecular junctions without a DBA structure 

were also found to have a rectifying behavior due to the different electrical contact 

between the molecule and the two electrodes.  

In this thesis we will show the rectification from the asymmetry in the electrical 

contacts between the molecules and the two electrodes. We report room temperature 

measurements of current vs. voltage (I-V) from self-assembled Fe porphyrin [Fe(III) 

5,15-di[4-(s-acetylthio)phenyl]-10,20-diphenyl porphine] molecular islands  formed on 

annealed gold crystal on a glass substrate.  Measurements were performed using an 

atomic force microscope with a platinum coated tip. We observed rectification in the I-V 

curves from molecular islands thinner than sub-nm where the current is much larger 

when the AFM tip is positively biased. The highest rectification ratio (or figure of merit) 

can reach 1000. The rectification can be qualitatively explained by Au-sulfur bonding at 

the substrate. This is in contrast to the symmetric I-V curves observed from a few nm 

thick molecular islands, where the spatial distribution of the energy levels of the entire 

molecular junction becomes more symmetric. 

 


