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ABSTRACT

Final Report: Theoretical Chemistry: Theoretical Studies of "Roaming" Reactions

Report Title

This project is a theoretical and computational investigation of a novel and general mechanism for chemical reactions of importance for the 
development of energetic materials.  The mechanism, termed "roaming", was discovered recently in joint theoretical/experimental studies of 
the photodissociation of the formaldehyde and acetaldehyde molecules.  This mechanism, although now firmly established, is not understood 
quantitatively using a statistical theory known as Transition State Theory.  This theory is widely used to obtain the rates of chemical 
reactions which are the input for large-scale computer models of combustion, atmospheric chemistry, etc.   Roaming can significantly affect 
models of chemical reactions that lead to release of large amounts of chemical energy and so it is important to develop quantitative 
approaches that can account for the extent of roaming and also the internal energy distributions of reaction projects.  The proposed research 
will use demanding but rigorous dynamical theory to elucidate the quantitative aspects of roaming.  These methods will be applied to the 
formaldehyde and acetaldehyde reactions for diagnostic purposes and also to the energetic material methylnitrite.  The outcome of this 
research, which will be done in close collaboration with experiment, will be new, predictive and quantitative ways to model the roaming 
mechanism in chemical reactions.
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Research	
  funded	
  by	
  this	
  grant	
  resulted	
  in	
  eleven	
  publications.1-­‐11	
  	
  Most	
  of	
  these	
  
focused	
  on	
  roaming	
  in	
  the	
  isomerization	
  reaction	
  CH3NO2	
  to	
  a	
  variety	
  of	
  products,	
  
but	
  with	
  a	
  focus	
  on	
  the	
  CH3O+	
  NO	
  produces.	
  	
  	
  These	
  calculations	
  made	
  use	
  of	
  a	
  new	
  
global	
  potential	
  energy	
  surface	
  (PES)	
  and	
  then	
  performing	
  tens	
  of	
  thousands	
  of	
  
quasiclassical	
  trajectory	
  calculations,	
  most	
  of	
  which	
  were	
  initiated	
  from	
  the	
  
methylnitrate	
  minimum.	
  	
  In	
  some	
  studies	
  trajectories	
  were	
  initiated	
  from	
  the	
  cis	
  and	
  
trans	
  isomers	
  CH3ONO	
  to	
  investigate	
  the	
  extent	
  of	
  non-­‐statistical	
  behavior	
  in	
  the	
  

reaction.	
  	
  A	
  representative	
  
roaming	
  trajectory	
  is	
  shown	
  to	
  
the	
  left.	
  	
  As	
  seen,	
  the	
  incipient	
  
radical	
  products	
  CH3+NO2	
  appear	
  
to	
  be	
  formed.	
  	
  However,	
  after	
  a	
  
period	
  of	
  “roaming”,	
  (the	
  near	
  
horizontal	
  potential	
  at	
  round	
  75	
  
kcal/mol),	
  a	
  self-­‐abstraction	
  
occurs	
  to	
  form	
  CH3O	
  +	
  NO,	
  with	
  
significant	
  vibrational	
  excitation	
  
of	
  methoxy.	
  This	
  work	
  was	
  done	
  
in	
  collaboration	
  with	
  Prof.	
  Arthur	
  
Suits	
  and	
  resulted	
  in	
  several	
  joint	
  
publications.5,7	
  	
  	
  

A	
  major	
  effort	
  was	
  undertaken	
  to	
  study	
  roaming	
  in	
  the	
  photodissociation	
  of	
  
NO3.	
  	
  This	
  resulted	
  in	
  development	
  of	
  two	
  global	
  PESs	
  based	
  on	
  permutationally	
  
invariant	
  fitting	
  of	
  roughly	
  100	
  000	
  CASPT2	
  electronic	
  energies.3	
  	
  These	
  surfaces	
  
were	
  used	
  in	
  quasiclassical	
  trajectory	
  calculations	
  of	
  the	
  O2+NO	
  products	
  
considering	
  both	
  the	
  ground	
  and	
  first	
  excited	
  doublet	
  states.	
  	
  Agreement	
  with	
  
experiment	
  from	
  North	
  and	
  earlier	
  from	
  Suits	
  is	
  excellent.	
  	
  These	
  PESs	
  were	
  also	
  
used	
  in	
  studies	
  of	
  isotope	
  scrambling	
  in	
  the	
  bimolecular	
  reactions	
  of	
  O2	
  with	
  NO.4	
  	
  
Again	
  agreement	
  with	
  molecular	
  beam	
  experiments	
  of	
  Lee	
  and	
  co-­‐workers	
  is	
  very	
  
good.	
  

Finally,	
  in	
  collaboration	
  with	
  the	
  experimental	
  group	
  of	
  Cassavechia,	
  we	
  
developed	
  a	
  global	
  PES	
  for	
  the	
  N(2D)+H2O	
  reaction.9	
  	
  The	
  detailed	
  dynamics	
  



calculations	
  and	
  comparisons	
  with	
  experiment	
  were	
  reported	
  in	
  a	
  subsequent	
  ARO	
  
grant	
  period.	
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