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Research visit: “Collaborative research work on the
physical and chemical properties of carbon

nanostructures”
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— ~ {42 Summary
A collaborative visit to the research laboratory of Professor Stephan Irle
at Nagoya University was mainly focused on pursuing the existing research
projects and planning new collaborations. The time in Nagoya was spent in a
very energetic way, writing up resulting manuscﬂpts, decidjﬁg the content of
new manuscripts, and discussing with Prof. Irle and his students the direction of
future efforts.
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In the period February 7-17, 2011, I was invited for 10 days visit in the
laboratory of professor Sfephan Irle at the Institute of Advanced Research and
the Department .of Chemistry of Nagoya University in Nagoya, Japan. The
primary reason of the visit was the shared collaborative effort oriented toward
finalization of currently lasting research project and planning and coordination
of new projects being the continuation of our work on the physical and
chemical properties of various nanostructures, mainly composed of carbon
atoms. The present visit to Japan was also very important to clarify a number
of disputable question originated from the student exchange between our two
groups: Yoshifumi Nishimura visits to Hsinchu and Wunfan Li visit to Nagoya.
Another important aspect of the visit was writing the publication describing
the application of the SCC-DFTB method to various aspects of physics of
carbon nanotubes and fullerenes. During the stay in Japan, I was lodged in the
Symposion lodging facility, conveniently located on the campus area within a
walking distance from the Institute of Advanced Research of Nagoya
University. A laboratory spare key and an electronic access card enabled
working at the Institute even outside of regular working hours.
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(=) [MEFEEE What has learned/suggestion

The collaboration. between professor Irle and me dates back to 2003,

when we both spent few years in the group of professor Keiji Morokuma at the
Emory University in Atlanta, USA. At that time, professor Irle was a right
hand of professor Morokuma, responsible for the projects related to
nanostructures and I was a post-doctoral fellow in the same group. The
~ collaboration concerned various aspects of chemistry and physics of carbon
fullerenes and nanotubes, including their aggregates. Since that period, we
have been working together on many interesting problems and coauthored a
- number of scientific papers. The collaboration is irery dynamic and the already
published papers result in new ideas leading to new publications. The present
visit in Nagova was mainly oriented toward finishing our two recent
collaborative efforts. The first of them is devoted to explaining the unusual
screening properties of carbon nanotubes and fullerenes, which almost
completely extinguish the IR activity of molecules encapsulated inside them.
This observation has profound importance for experimental characterization of
encapsulated species (e.g., peapods). The resulting manuseript is currently
undergoing the review process in the Journal of American Chemical Society
and should be published soon. The second effort concerns the issue of
explaining the experimentally observed abundance of fullerene and nanotube
isomers. Our groups, together with collaborators from Krasnoyarsk, Russia,
developed a kinetic stability model, which for the first time in the history of
fullerene research was able to correctly predict the higher abundance of Cgp in
comparison to Cy; all previous efforts, based mainly on thermodynamic
quantities, predicted the relative abundance in incorrect, opposite' order.
During the visit in Nagoya, we were working very intensively on a redaction
of a manuscript suitable for Physical Review Letters, which is probably an
appropriate place for publishing such a ground-breaking discovery. The
manuscript is ready and will be submitted within a few days to PRL. Another
topic we have been working during the visit concerns the physics of Goldberg
fullerenes. The work on this project is already pretty advanced and we need
jﬁst a few new data to start writing the resulting manuscript. During the visit
we have discussed and planned how to obtain these new data, closely related
to the topology and geometry of carbon networks in these very interesting
molecular systems. In addition to the discussed here three scientific projects,
we have spent considerable time on planning new scientific collaborations
including expanding the kinetic stability model to large fullerene cages,
modeling dynamical IR and Raman spectra obtained via Fourier transform of
appropriate autocorrelation functions obtained from SCC-DFTB calculations,
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and explaining the missing. CO and benzene ring activity m the
sum-of-frequency generation spectroscopy of polymeric PMMA and
polystyrene deposited on single graphene sheets by performing appropriate
molecular calculations with the SCC-DFTB method.
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