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Validation of variational transition state theory with multidimensional
tunneling contributions against accurate quantum mechanical dynamics
for H+CH,—H,+CH; in an extended temperature interval
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Variational transition state theory with multidimensional tunneling contributidfiBST/MT) is

tested against quantum mechanical rate constants for the reactio@Hi—H,+CH; at
temperatures up to 1000 K. The VTST/MT method can be and has been applied to many reactions
that cannot be treated by rigorous quantum dynamics methods. Studying the accuracy of VTST/MT
by comparison with accurate quantal results that are becoming available for systems of increasing
size is important for validating the theory. In the present study, covering a factor of five in
temperature, the VTST/MT method is found to have a mean deviation from accurate quantal rate
constants for a six-body reaction of only 13% and maximum deviation of only 23%920@G2
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Model chemistries for electronic structure calculations  The potential energy surface used for the previbus
are consistent levels of theory that can be applied to a varietgnd present studies is the Jordan—Gilbert surfaedich is
of systems.? An advantage of model chemistries is that theya modified version of an older surface by Joseptal®
can be tested and validated on systems for which accurate The quantum dynamics calculatidis® are well con-
results are available so that their level of reliability can beverged for total angular momentum zero, and contributions
assessed; such validation and reliability estimates are veryf higher total angular momenta are added by the separable
useful when computational methods are applied to practicabtation approximation.
applications. _ _ The versions of VTST used here are canonical varia-
For dynamics computations, there are two sources Ofional theory(CVT3*) and improved canonical variational
error—the potent_lal energy surface_ or surfaces and the d)fheory(ICVT“'l%. Tunneling contributions are included by
namical method itself. In order to disentangle these sourcege microcanonically optimized multidimensional tunneling
of error, it is desirable to compare appro>_<|mate dyn‘_am'C’i;LOMT) algorithnf*® which involves the ground-state trans-
cglculauor)s.to accu_rate quantum mechgnlcal dynamics forlhission coefficient approximatichsemiclassical methods
given realistic potential energy surfaceBhis enablgs oneto g, calculating tunneling probabilities in terms of multidi-
_est|mate hOW _mu_ch error 1 due_to the dynam|c§1I metho mensional imaginary-action integr&s’ and choosing at
itself, and in principle this information can be combined with .
. o . each total energy between the small-curvature tunnéling
a separate estimate of the reliability of the potential energy(SC_D approximation, and the large-curvature tunneifd
surface to gauge the overall credibility of a dynamical pre- LT . .
(LCT) approximation. The version of the LCT approxima-

diction. . : . .
tion used here is the most recent dnealled version 4; this

Variational transition state theory with multidimensional dificati ¢ th . loorft
tunneling contributiorfs® (VTST/MT) has been extensively '€Presents a modification of the version-3 algorithimat

validated against accurate quantum mechanical dynamic¥/@s used for many years in order to take better account of
especially for atom-diatom reactiofsRecently, well con- @nharmonicity along low-energy tunneling paths. All gener-
verged quantum dynamical calculations for a realistic poten@/izéd normal mode analyses required for the calculation
tial energy surface became available for the title reactiovere carried out in redundant curvilinear coordinates with
over the 200-500 K intervdf and these were usko test  the harmonic approximatiot?:*?

VTST/MT. In an even more recent papthe results at Although anharmonicity is known to be import&ht®
400-500 K were revised, and the temperature interval wagne can rely on a certain amount of cancellation between
extended up to 1000 K. This extension is very importantanharmonic corrections for the reactant and for the general-
because now the upper temperature limit includes the loweged transition state’;**and testing the validity of this and
range of temperatures of interest for combustficend be-  other assumptions of the standard VTST/MT approach is the
cause the rate constant at higher temperatures includes mughal of the present work. VTST/MT also involves the sepa-
greater contributions from excited vibrational states. Thigable rotation approximatioff, but that is not really tested
provides an opportunity to extend the previous critical test ohere because it is also used in the quantum dynamics calcu-
VTST/MT for a polyatomic reaction, and this extension is lations; however, tests of the separable rotation approxima-
presented in the present note. tion on simpler systems indicate that it is very accurate when
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TABLE |. Generalized transition state theory and benchmark rate constantsr(@iecule * s1).

T (K) TST cVT CVT/uOMT ICVT/uOMT Accuraté
400 2.50( 16) 1.78(- 16) 3.58(- 16) 3.60(- 16) 4.20(- 16)
500 3.38( 15) 2.65( 15) 4.11(15) 4.15(-15) 4.67(-15)
600 2.02(-14) 1.68( 14) 2.26(-14) 2.30(- 14) 2.50( 14)
700 7.53( 14) 6.53(14) 8.03(14) 8.22(- 14) 8.70( 14)
800 2.09¢13) 1.86(- 13) 2.16(-13) 2.22(-13) 2.31(-13)
900 4.74¢13) 4.31(-13) 4.80(13) 4.95(-13) 5.09(13)

1000 9.32(13) 8.60( 13) 9.31(-13) 9.62(- 13) 9.74(- 13)

%Reference 13.

applied using accurate dynamical data from a high enougkions for testing dynamical theories is very encouraging for

value ofJ.?527 the future progress of computational science in addressing
The comparison of the new calculations to the quantunthe fundamental problems of chemical kinetics.

dynamicat**®rate constants is given in Table I. For conve-
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12 and here to the quantum dynamical ones are given in(wiley, New York, 1973, p. 51.
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T (K) 1000m TST CVT CVT/uOMT ICVT/uOMT
200 5.00 0.09 0.04 0.79 0.80
250 4.00 0.23 0.12 0.77 0.77
300 3.33 0.37 0.22 0.79 0.79
400 2.50 0.60 0.42 0.85 0.86
500 2.00 0.72 0.57 0.88 0.89
600 1.67 0.81 0.67 0.90 0.92
800 1.25 0.90 0.81 0.94 0.96
1000 1.00 0.96 0.88 0.96 0.99

®Reference 12 and present.
PReference 11 foll =200—300 K and Ref. 13 foF =400—1000 K.
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