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This research program focuses on both the development and application of accurate quantum mechanical
methods to describe gas phase chemical reactions and highly excited molecules. Emphasis is often
placed on time-dependent or integrative approaches that, in addition to computational simplifications,
yield useful mechanistic insights. Applications to systems of current experimental and theoretical
interest are emphasized. The results of these calculations also allow one to gauge the quality of the
underlying potential energy surfaces and the reliability of more approximate theoretical approaches such
as classical trajectories and transition state theories.

RECENT PROGRESS

Much recent progress resulted from extensions and applications of the “real wave packet”
approach(Gray and Balint-Kurti, 1998), which allows one to infer scattering observable efficiently by
focusing on just the real part of an evolving wave packet. For example, it was shown how standard
methods of determining reaction probabilities based on calculating the flux through a dividing surface
could be used (Meijer et al., 1998). This development complements the previously employed approach
(Gray and Balint-Kurti, 1998), which involved Fourier transformation of amplitudes in the asymptotic
limit, and adds much more flexibility to the general real wave packet approach since the dividing
surfaces need not be in the asymptotic region of a scattering problem.

The real wave packet approach was applied to the O(lD) + Hz + OH+ H reaction. Complementing a
detailed, three dimensional initial total angular momentum J = O study (Gray and Balint-Kurti, 1998),
helicity decoupled quantum dynamics calculations for a variety of total angular momenta were
performed and a new capture model for interpolating and extrapolating such results was introduced
(Gray et al., 1999). The flux approach noted in the above paragraph was found to be particularly useful
in describing tunneling through centrifugal barriers, Cross sections and rate constants were determined
and comparisons with classical trajectory and experimental results were made. These results largely
justib the classical trajectory results, but some discrepancies between theory and experiment at higher
collision energies point to the importance of electronic non-adiabacity in the reaction dynamics.

The real wave packet approach and, indeed, most wave packet approaches may be viewed as iterative
methods for determining scattering information. Iterative methods are also of great use in determining
bound state information. Recently, all the vibrational states of HOCI were determined and analyzed

> (Skokov et al., 1998). The iterative Lanczos method, as well as Chebyshev iterations (essentially the
real wave packet approach) were found to be particularly effective in determining the highest excited
states of HOC1 since very large grid representations can be employed.
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FUTUREPLANS
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The role of electronic non-adiabacity in the O(lD) + Hz -+ OH + H reaction will be explored with three-
dimensional calculations that include two relevant potential energy surfaces and their non-adiabatic
coupling. The real wave packet approach, owing to its favorable memory and computational
requirements, will prove to be extremely usefid for this study. Comparisons with experiment and
trajectory surface hopping methods will be made and the nature of the electronic non-adiabacity (long
range versus short range couplings) will be analyzed in detail.

Because it is possible to carry out flux analysis within the real wave packet formalism, it will prove
possible to combine this formalism with the transition state wave packet approach @3.-H.Zhang and J.
C. Light, J. Chem. Phys. 104,4544 (1996)], yielding a very efficient approach to the cumulative reaction
probability and thus temperature-dependent rate constant. Applications to three and also four-atom
chemical reactions will be considered.

The bound and resonance states of H20 will be investigated with a variety of techniques including
iterative Lanczos and Chebyshev iterations. The possible persistence of local modes and other types of
vibrational excitations in the dissociative continuum will be investigated. Complementary bimolecular
scattering studies will also be performed.

PUBLICATIONS (1997-1999)

1.

2.

3.

4.

5.

6.

E.M. Goldfield and S.K. Gray, Total angular momentum and decay of unimolecular resonances:

IVR mediated vibrational predissociation, J. Chem. Sot. Faraday Trans. 93,909 (1997).

E.M. Goldfield and S.K. Gray, Vibrational predissociation from different asymmetric rotor

levels: Full dimensional quantum dynamics for Ar12 with total angular momentum J = 10,

Chem. Phys. Lett. 276, 1 (1997).

C.-Y. Yang and S.K. Gray, The effect of angular momentum on the unimolecular dissociation

HCO + H + CO, J. “Chem. Phys. 107,7773 (1997).

R.I. McLachlan and S.K. Gray, Optimal stability polynomials for splitting methods, with

application to the time- dependent Schr6dinger equation, Applied Num. Math. 25, 275(1997).

S.K. Gray and G.G. Balint-Kurti, Quantum dynamics with real wave packets, including

application to three-dimensional (J=O) D + Hz + HD + H, J. Chem. Phys. 108, 950(1998).

R. Lehoucq, S.K. Gray, D-H. Zhang, and J.C. Light, Vibrational eigenstates of four-atom

molecules: A parallel strategy employing the implicitly restarted Lanczos algorithm, Comp.

Phys. Comm. 109, 15 (1998).



7.

8.

9.

10.

11.

G.G. Balint-Kurti, A.I. Gonzalez, E.M. Goldfield, and S.K. Gray, Quantum reactive scattering

of O(1D)+H2 and O(ID)+HD, Faraday Discussions 110, 169 (1998).

A.J.H.M. Meijer, E.Nl. Goldfield, S.K. Gray, and G.G. Balint-Kurti, Flux analysis for

calculating reaction probabilities with real wave packets, Chem. Phys. Lett. 293, 270 (1998).

S. Skokov, J. Qi, J.M. Bowman, C-Y. Yang, S.K. Gray, K.A. Peterson, and V.A. Mandelshtam,

Accurate variational calculations and analysis of the HOC1 vibrational energy spec~. J.

Chem. Phys. 109,10273 (1998).

K. Runge, B.G. Sumpter, D.W. Noid, S.K. Gray and C-Y. Yang, Electron propagation along a

nanowire: a study in chattering, Nanotechnology 9,365 (1998).

S.K. Gray, E.M. Goldfield, G.C. Schatz, and G.G. Balint-Kurti, Helicity decoupled quantum

dynamics and capture model cross sections and rate constants for O(lD) + Hz +OH + H

Phys. Chem. Chem. Phys. 1, 1141 (1999).


