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Benchmark dynamics calculations have played a criticafjuestion of how well multidimensional tunneling calcula-
role in assessing the validity of approximation schemes. Aions will perform as one increases the number of
benchmark dynamics calculation is one in which the nucleardimensions? VTST/OMT has been well tested for atom—
motion Schrdinger equation is solved accuratdtp within  diatom reactions which involve six degrees of freedom in a
some specific numerical tolerander a given potential en- center-of-mass coordinate system, but a recent report of
ergy surfacgor surfaces, if non-Born—Oppenheimer effectsbenchmark dynamics calculatidAs for H+CH,—H,
are involved. The potential energy surface should be realis-+ CHs, a six-body system with 15 degrees of freedom in the
tic, although it need not be quantitatively accurate. By carcenter-of-mass coordinate system, provides an opportunity
rying out calculations employing an approximate dynamicalfor dramatically increases the size of the test system. In the
scheme with the same potential energy surface, one can tgstesent paper we report VTST/OMT calculations for a com-
the dynamical scheme itself more definitively than by com-parison to their results. As explained in the first paragraph,
parison to experiment, where uncertainities in the potentiathe essence of such a comparison is to employ the same
energy surface usually cloud the interpretation. potential energy surface for the accurate and approximate

One dynamical scheme that has been widely tésfed dynamics calculations, and we therefore employ the same
against benchmark rate constants is variational transitiodordan—Gilber{JG) surface'® as used in Ref. 12. We note
state theory with optimized multidimensional tunneling that the JG surface may be considered to be a modified ver-
(VTST/OMT) contributions. VTST has its origins in classi- sion of an older surface by Josephal*
cal mechanic§® but when applied with quantized The version of VTST/OMT that we will test is CVT/
vibration€ and optimized multidimensional tunneling wOMT, which is the standard form that has emerged as a
contributions’, it has been shown to be capable of high ac-widely available todP for polyatomic reaction rate theory.
curacy, although there is always a question of whethe€CVT denotes canonical variational thedig which VTST is
anharmonicity® and mode—mode coupling effett§ are  optimized for a canonical ensemble, ge®MT denotes mi-
handled adequately in actual practical applications. Somerocanonical OMT in which the tunneling mechanism is
but not all, inadequacies in the treatment of these effects aiptimized for each total energy. The optimization consists of
transition states may be cancelled by a consistent treatmenhoosing either the small-curvature tunnelfhtf (SCT) ap-
of transition states and reactants, and it is important to gaugeroximation or the large-curvature tunneltfig® (LCT) ap-
how successful this can be in quantitative terfjust as, in  proximation, whichever yields more tunneliighich corre-
an analogous situation for comparison, one wants to test hogponds to a practically applicable version of the
well electronic structure calculations can predict energiedeast-actio”’ tunneling methold The SCT calculations are
without treating the correlation energy of core electronsbased on the centrifugal-dominant small-curvature semiclas-
which largely cancels outFurthermore, there is also some sical adiabatic ground-state modéland the LCT calcula-
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TABLE I. A ccl)mpiarison of approximate and benchmark rate constantssurface. The JG potential energy surface has a classical bar-
(cm® molecule™ s™) for H+CHy—H,+CHs, rier height of 10.9 kcal/mol and an imaginary frequency at
T(K) TST VT CVT/LOMT Accurate the :_saddltsa point of 1094 cn. However, on the basis of
published® and unpublishel work, we estimate that a more

200 8.2(-22) 3.8(-22) 7.1(-21) 9.0(-21) : : ;

250 1.2(- 19) 6.8(- 20) 43¢ 19) 55 19) accurate surface would have' a clz_issmal barrier height closer
300 3.6(18) 2.2(-18) 7.7(-18) 9.8(-18) to 14-15 kcal/mol and an imaginary frequency closer to
400 2.5(-16) 1.8(- 16) 3.6(—16) 4.0(- 16) 1400icm .

500 3.4(-15) 2.7(-15) 4.1(-15) 3.8(-15) The authors are grateful to Joel Bowman for providing a

preprint of Ref. 12c) and numerical values of the rate con-
stants presented graphically in that paper. This work was
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