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The goal of this program is to calculate accurate potential energy surfaces for both reactive and 
nonreactive systems. To do this the electronic Schrodinger equation must be solved. Our approach 
starts with multiconfiguration self-consistent field (MCSCF) reference wave functions. These 
reference wavefunctions are designed to be sufficiently flexible to accurately describe changes in 
electronic structure over a broad range of geomemes. Dynamical electron correlation effects are 
included via multireference, singles and doubles configuration interaction (MRCI) calculations. 
With this approach, we are able to provide chemically useful predictions of the energetics for many 
systems. A second aspect of this program is the development of techniques to fit multi-dimensional 
potential surfaces to convenient, global, analytic functions that can then be used in dynamics 
calculations. 

0 2  + CCH Reaction. MRCI calculations employing a three electron, three orbital CAS 
reference and a polarized double zeta basis set have been used to examine possible pathways for 
the reaction of C2H with 0,. The overall mechanism is summarized by the following scheme: 

HCC+02  + HCCOO. -+ HCCO+O 

3 OHC-CO + HCO+CO 
\o 

The first step in the reaction is a barrier-less addition forming a peroxy-radical. The exothermicity 
of this adhtion is sufficient to form this peroxy-radical in either its ground state, 2A”, or first 
excited state, 2A’. The two lowest energy pathways found for decomposition of the peroxy-radical 
are cleavage of the 00 bond to form ketyl radical plus atomic oxygen or ring closure, forming a 
three membered ring. The three membered ring can then decompose by either of two pathways, 
one leading to CH + CO, and the second leading to HCO + CO. 

An alternative pathway in which the initial peroxy-radical closes to form a four membered 
dioxetane ring which then splits forming HCO + CO is predicted to be significantly higher in 
energy. DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, ream- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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H2 + CN Potential Energy Surface. Last year large portions of the H2+CN potential surface 
were examined at a relatively low level of theory with the goal of understanding the global 
topology of the surface. This year more accurate calculations have been carried out on the direct, 
co-linear abstraction, reaction (1). 

Part of the motivation for this study steins from in inconsistency between the barrier for the 
reaction derived from transition state theory modeling of the observed thermal rate by Wagner (4.1 
kcal/mole) and the threshold for reaction observed in molecular beam studies by Liu (2.5 
kcal/mole). The results from the present calculations may be summarized as follows: 

AEb 

RHF+ 1+2(+QC)/c~-pvdz 5.7(5.5) -27.2(-20.8) kcal/mole 

Three electron - Three Orbital CAS reference 
CAS+~+~(+QC)/CC-~V~Z 4.3 (4.9) -26.7(-20.9) 
CAS+ 1+2(+QC)/c~-pvtz 3.8 (3.9) -28.2(-22.9) 
CAS+ 1 +2(+QC)/aug-~~-pvtz 3.4( 3.4) - 2 8.4 (- 23.2) 

Seven electron - Five Orbital CAS reference 
CAS+1+2(+QC)/cc-pvdz 4.7 (5.4) -24.9(- 19.7) 
CAS+ 1 +2(+QC)/c~-pvtz 4.3(4.7) -26.4(-20.9) 
CAS+ 1+2(+QC)/aug-cc-pvtz 3.9 (4.2) -26.7(-2 1.2) 

Exp't 4. I -20.6+1. I 

The 0.5- 1.0 kcalhole difference in barrier heights between the CAS(3E,30) reference and the 
CAS(7E,50) reference appears to be due to a resonance effect manifested by excitations from the 
nitrogen 2s lone pair into the singly-occupied carbon radical orbital of CN. This resonance effect 
is quite important for CN, Iess important for the transition state and inconsequential for HCN. 
Calculations with a larger, cc-pvqz, basis set are in progress. 

The two dimensional ( RCH and Rm) colinear abstraction potential surface has been extensively 
mapped including the dependence of the non-active vibrational frequencies. These results should 
make it possible to carry out an accurate dynamical study of this reaction. 

HCI + CN Potential Energy Surface. Reactions leading to HCl+CN have been studied 
recently by both Crim et a1 (1994) and Reisler, Wittig et al (1988). Crim looked at the reaction of 
C1 with vibrationally excited HCN, (2). 

a+ H C N ~  + HC1+ CN (2) 

They observed significant vibrational excitation in the CN product. They concluded that this is not 
a simple direct abstraction and the CN bond is not a spectator in reaction (2). 



Reisler and Wittig looked at the reaction of translationally hot H atoms with ClCN, (3). 

H +  ClCN + HCI + CN (3) 

They observed no vibrational excitation in the CN product, concluding that their results were 
consistent with a direct abstraction reaction in which the CN bond is a spectator. 

We have now made an initial survey of this surface at a relatively low level of theory, 
RHF+1+2/cc-pvdz, with the goal of establishing qualitative features of the surface topology. 
These results indicate that the only energetically accessible reaction paths for both reactions (2) and 
(3) are direct abstractions. Extensive searches were made for an alternative, addition-elimination, 
pathway, i.e. 

C1+ HCN ++ [HClCN] + HCl+CN (4) 

The calculations predict that addition forming the HClCN intermediate is quite facile but there 
seems to be no direct pathway for decomposition of this intermediate to HC1+ CN. A contour plot 
of this surface including the Cl+HCN, H+ClCN, HClCN and HCl+CN minima is shown in 
Figure 1. Two intersecting ridges can be seen in this plot. The horizontal ridge corresponds to 
processes in which a CH bond is broken while the vertical ridge to processes in which a C-C1 
bond is broken. The region in which these two ridges intersect is predicted to lie -28 kcal/mole 
above the energy of HCl+CN and appears to block any direct route from HClCN to HCl+CN. 
This topology is quite similar to that found previously for H2CN. 
L Work performed under the auspices of the Office of Basic Energy Sciences, Division of Chemical 
Sciences, U.S. Department of Energy, under Contract W-31-109-Eng-38. 
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Figure 1. Potential energy surface for HC1 + CN. The contour increment is 2 kcal/mole. 'Solid 
contours denote positive (repulsive) energies; dashed contours denoted negative (attractive) 
energies and the heavy solid contour indicates the energy of the HCl+CN asymptote. In all regions 
the geometry is assumed to be planar. The HCCl and ClCN angles are optimized at each point. 


