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Abstract of Thesis

This proposal is to study properties of the “chiral” SWNTs decorated with functional molecules to enhance
the functionalities. My research is on, self-organization of porphyrin derivatives on a carbon material surface.
As the carbon material, I'm using graphite (HOPG) and single-walled carbon nanotubes (SWNT).

In our group in the paét studies, the molecular electrical characteristics of the SWNT adsorbed to the
surface had become clear'-2. Also, that self-organized structure of organic molecules on HOPG are significantly
different at the slight differences in the molecular structure have also been revealed®. Together these two past
findings, it is expected that there is a possibility that self-assembled structure of the organic molecules on
SWNT greatly affects the physical properties of organic molecules / SWNT complex. As basic experiment to
demonstrate this hypothesis, by performing the current experiments with a view to clarify the relationship of
the self-assembled structure of the same organic molecules in a self-organized structure and the SWNT organic
molecules on HOPG there. If the lattice structure of the underlying carbon in SWNT is greatly affects the
self-assembled structure of the organic molecules on the surface, and self-organization of organic molecules on
the SWNT which is inverted optically, different optical symmetry of the self-organizing structures is supposed
can be formed, and is intended to observe it with a scanning tunneling microscope (STM)

This work has been dedicated to study some properties of organic molecule / nano-carbon conjugates for
instance investigating and distinguishing the handedness chirality of SWNT using scanning tunnelling
microscopic imaging (for the first time) via the supramolecular structures of some porphyrins and metal
porphyrins on the tube surface, as well as more understanding the mechanisms by which such kind of these
supramolecular structures can be formed on both the flat and curved nanocarbon materials surfaces. Here are
the outputs of our study:

1. We succeed to investigate the handedness chirality of single-walled carbon nanotubes (SWNT) by using
STM imaging technique and DFT calculations for the first time. This is can be achieved using the
supramolecular chemistry of some porphyrin derivatives i.e. 5,15-bisdodecylporphyrin (C12P) on the tube
surface. Surprisingly, by using two different types of chiral SWNTs (right handed P or plus SWNT and left
handed M or minus SWNT); two opposite supramolecular structures have been observed showing the

marvelous effect of SWNT handedness chirality on the alignment of organic molecules on its surfaces. Based




on our results, it has been found that alkyl chain substituted porphyrins can form a well-ordered supramolecular
structure on the basal plane of SWNT surfaces that minutely maintains the Grozsek geometry with a little bit
deviation. This vital finding explicate that SWNTs handedness chirality plays a crucial role for the molecular
orientation of organic molecules on its surface.
2. The supramolecular structures of different central metal porphyrins i.e. ZnPor, NiPor and CoPor were
successfully observed on SWNT (HiPCO raw) surface by using STM imaging technique and further
characterized via HR-TEM and UV - Visible spectroscopy, with the purpose for identifying the effect of
metalation on the supramolecular structures of porphyrins on SWNT surface. All the metal porphyrins can be
adsorbed effectively on the tube surface leading to well-ordered supramolecular structures (especially in the
cases of NiPor and ZnPor) on SWNT surface, as well as strong debundling effect (especially in CoPor case)
for the nanotubes. Among the three metal porphyrins; NiPor produced the best STM resclution images. From
an energetic point of view, DFT results displayed that the stability of these metal porphyrins complexes with
the following order Ni < Zn < Co, additionally all the metal porphyrins complexes took chips shaped like
structure or saddle structure with almost the same intermolecular contact distance between the porphyrin and
SWNT surface which equal around 3 A. Consequently by changing the central metal incorporated inside the
porphyrin ring; different supramolecular structures can be observed on SWNT surface, which displaying the
marvelous effect of different metal centers on the supramolecular structure of porphyrins on SWNT surface.
3.  Successfully we confirmed the identification of SWNT handedness chirality using metalized porphyrin
indicating that even though by changing the molecular structure i.e. insertion a central metals to the porphyrin
ring; the handedness chirality of SWNT still can be recognized using the supramolecular structures of these
organic molecules formed on the tube surface. Interestingly two opposite supramolecular structures of Ni-C12P
molecules have been observed on SWNT surface, by using a mixture of two different types of chiral SWNTs
(right handed P or plus SWNT and left handed M or minus SWNT), displaying the marvelous effect of SWNT
handedness chirality on the alignment of organic molecules on its surfaces. In addition, surprisingly some novel
supramolecular structures of Ni-C12P have been accidently observed on SWNT surface.

Ultimately, as a whole conclusion, by the aid of this study and these vital findings, hopefully it will be
obvious to identify directly the absolute handedness chirality of the SWNTSs, and being as key point for further
understanding and building a new supramolecular architectures on curved nanocarbon surfaces, as well as can

be used for designing and fabricating novel molecular architectonics of porphyrin / SWNTs based devices.
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