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Our group has successfully used the method of “direct quantum chemical molecular
dynamics”  (QM/MD)  for  the  study  of  fullerene,  carbon  nanotube  and  graphene
formation mechanisms.  Key finding in our studies was that fullerene and initial stages
of  carbon nanotube and graphene formations  are  governed by kinetics,  whereas  the
growth  of  nanotube  sidewall  and  large  areas  of  graphene  follow  thermodynamic
principles.

Concerning  the  study  of  fluorescent  dye  molecules,  we  employed  time-
dependent  density-functional  tight-binding  (TD-DFTB)  and  time-dependent  density
functional  theory  (TD-DFT)  to  understand  the  origin  of  the  enigmatic  blueshift  in
[n]cycloparaphenylene  ([n]CPP)  fluorescence,  and  the  role  of  static  and  dynamic
geometrical  distortions  in  the  bright  states.   QM/MD simulations  performed  on the
excited  state  potential  surfaces  are  able  to  explain  the  experimentally  observed
fluorescence blueshift of the strongest emission peaks with increasing molecular size.
This unusual feature turns out to be a consequence of large vibrational amplitudes in
small [n]CPPs, causing greater Stokes shifts, while large [n]CPPs are more rigid and
therefore feature smaller Stokes shifts (“dynamic blueshift”) [2].
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