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Abstract of Thesis

Here, we introduced new designed and synthesized single molecular diodes which can
produce perfect isolation donor part from acceptor part by perpendicularly linked covalently of
donor-acceptor (DA) systems based on metal (Zn" and Rh"I) porphyrin-imide dyads, named ZPI
and RPI respectively and measured its electrical properties. It is regarded that mechanically
controllable break junction technique (MCBJs) or scanning tunneling microscope (STM)
break-junctions method are the most reliable methods for measuring single molecular electronic
properties, in which two anchoring groups of the molecules are connected covalently to two metal
electrodes, reliable contacts can be attained forming metal-molecule-metal junction, allowing for
the observations of the charge transport through the molecule. Although these methods are
-| reliable to measure two terminal e¢lectronic properties of single molecules, it is impossible to
measure more than three wiring measurements of single molecules. Here, we introduced a new
| viable method for wiring single molecule using carbon nanotube as electrodes, because carbon
nanotube is the only conductive material whose diameter is in molecular nanoscale. Although the
method utilizing carbon nanotubes as the electrodes introduced a molecular-scale gap into a
nanotube by precise oxidative cutting through a lithographic mask has already been performed,
however, naturally with this cutting method, single molecule junctions with more than three
wiring is not possible. We must connect suspended carbon nanotubes to molecules. Here we
proposed a new way, linked ZPI and RPI covalently between single-walled carbon nanotubes
(SWNTs) electrodes by chemical synthetic procedure and measured the electrical properties by
PCI-AFM. The averages of I-V curves from both ZPI and RPI resulted from PCI-AFM
measurement showed typical I-V curves of ZPI with RR~27 and RPI with RR~4. Sincc
mechanically controllable break junction (MCBJ) is an established technique to investigate the
electronic transport of single molecule junction, we employed this technique to confirm the
electrical properties for these two molecular diodes. The results of the electrical properties using
MCBJ has a good coincidence with the result observed using SWNTs electrodes by PCI-AFM
measurement which show pronounced rectification with RR of ZPI is larger than RPI, that is, ZPI
has RR~14 and RPI has RR~7. There are several important finding from this research; (1) Single
molecular diodes could be designed and synthesized with perpendicularly arrangement so it could
isolate completely donor part from acceptor part and lead to show strong electronic properties (2).
The electrical properties for single molecular diodes showed very strong rectification behavior.
(3). The electrical properties of the single molecular diodes could be controlled by changing
central metal.
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