Invited Lectures

Fundamental and applied chemistry
of fullerene(CF;), compounds

S.H. Strauss,* O.V. Boltalinaft AA. Popov,§ LE. Kareev,""
N.B. Shustova,i I.V. Kuvychko,jt S.F. Lebedkin," Susie M. Miller,*
R.D. Bolskar,” O.P. Anderson,* K. Seppelt,’ and L. Dunsch®

4 Department of Chemistry, Colorado State University, Fort Collins, CO 80523 USA
§ Chemistry Department, Moscow State University, Moscow, 119899, Russia
" Institute of Problems of Chemical Physics, Russian Academy of Sciences,
Chernogolovka 142432 Russia
Y Forschungszentrum Karlsruhe, Institute for Nanotechnology, Karlsruhe 76021 Germany
¥ TDA Research, Wheat Ridge, CO 80033 USA
? Institute for Inorganic and Analytical Chemistry, Free University Berlin, Berlin D14195
Germany
@ Leibniz Inst. for Solid State and Materials Research, Dresden D01069 Germany

The observation that fullerenes and their derivatives are powerful electron
acceptors has attracted considerable attention because of the potential applica-
tion of these compounds to problems in energy storage and photovoltaic energy
conversion. One of our goals in fullerene science and technology is to prepare
and study series of fullerene(X), derivatives with as wide a range of electron
accepting properties as possible. Only in this way can we completely understand
how different X groups, different values of n (for a given X), and different
addition patterns (for a given X and n) affect the frontier orbitals of those
derivatives, the orbitals that are directly involved in electrochemical and photo-
electrochemical processes.

The X-ray structures of more than 25 hollow fullerene(CF3), compounds
(n = 2-18) have appeared since mid-2005, and the addition patterns of more than
20 others have been deduced by spectroscopy, other physicochemical methods,
and DFT calculations. This wealth of information makes fullerene(CF3), deriv-
atives the largest class of well-characterized fullerene(X), compounds. No other
substituent X that forms one 2c-2e bond with one cage C atom is reported to
form even half as many well-characterized derivatives.

The addition patterns of fullerene(CF;), derivatives prepared at or above
400°C, which are controlled predominantly but not exclusively by thermody-
namic considerations, will be analyzed in light of recent computational results.
In addition, we will present an analysis of new physicochemical and compu-
tational results for 21 C4(CF3), derivatives and new computational results for
more than 70 other Cgy(X), compounds with similar addition patterns, results
that bear directly on the nature of the frontier orbitals of these potentially
important molecules.



