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In this Letter are presented three-dimensional quantum mechanical cross sections for the title reaction, as
calculated for theb initio potential energy surface of Urban, Jaquet, and Staemmler. The calculations were
done within the coupled-states approximation. It is shown that not only ar&=th@ probabilities affected

by numerous sharp resonances but even the energy-dependent cross sections, for which such resonances are
expected to be smoothed out, are characterized by a rich resonance structure. This is the first time that such
oscillatory integral cross sections have been obtained for a chemical exchange process. From comparison
with quasi-classical-trajectory results, it is shown that the reaction is dominated by quantum effects to the
extent that the quasi-classical-trajectory calculations sometimes become irrelevant.

The (X + Hy"), X = He, Ne, systems were studied in sections and found them to be significantly larger than the quasi-
numerous high-quality experiments which yielded data that classical-trajectory (QCT) onés. To our knowledge, no three-
ranged from temperature-dependent rate constants to differentiainathematical-dimensional (3MD) QM cross sections had been
cross sectionk.” Moreover, there are available potential energy reported for these two systems, and therefore it was not clear
surfaces (PES8YP that can be used to compare the different to what extent reactive cross sections are affected by the
theoretical approaches and experiments cited above. Howeveryesonances or eventually by other nonclassical processes (e.g.
the feature which makes these systems particularly interestingtunneling). In this paper are presented, for the first time, 3MD-
is (according to quantum mechanical reduced dimensionality QM energy-dependent cross sections for the reactions
treatments) that they, more than other known reactive systems,
are dominated by strong quantum effe¥&! Already in the Ne+ H," (v,j;=0)—NeH +H; »=0,1,2 ()
first gquantum mechanical (QM) treatment, carried out by Kouri

and Baef™ it was established that the (HeH) reactive a5 calculated within the coupled-states approximation (GSA).
interaction produces numerous sharp resonaneebably even The results were compared with QCT cross sections. The two
sharp enough to affect total cross sections. A few years Iatertypes of calculations were done employing the Urban, Jaquet,
Baer et al% obtained QM reduced dimensionality (reactive and Staemmieab initio PES? as fitted by Pendergast et%l.
infinite order sudden approximation, I0OSA) integral cross ysing an analytic form of Aguado and Paniagtia.

The QM calculations follow from a time-independent ap-
€ Abstract published ilAdvance ACS Abstractgune 15, 1997. proach which was introduced a few years adt is based on
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solving the perturbative-type Schroedinger equation (SE) in the
reagents (i.e., N&- H,™) arrangement channel (AC). In order
to be able to solve this equation, arrangement decoupling
negative imaginary potentials (NiP)were added to the
Hamiltonian to form absorbing boundary conditions at the exits
to the various products ACs. As was mentioned above, the SE
was solved within the CSA known to be a reliable approximation
not only for energy transfer procestebut also, as we found
recently, for reactive systems.

The aim of the calculation was to obtain the following
(reactive)S-matrix elements

m
S(tv|t0/1) = m_zﬁy}tv'\/tv'lptm':bquwtv) (1)

where Wy, is the total wave function as calculated in the
reagents AC for a given initial state labeled gy, v, is the
unperturbed wave function in the products A, is the (-
dependent) perturbatiom, is the corresponding (elastic) phase
shift related toyy,, andty, andt, stand for a set of relevant
quantum numbers, namely:

Total reaction probability (J=0)

0.15—

0.10

= (o@D a=4,v @
0.05

Here the letters andj label vibrational and rotational quantum
numbers, respectively,is the total angular momentum quantum 0.00 | : :
number, and? is the corresponding projection along the body- 07 08 E (\),'9 1o M
fixed axis. The indiced andv designate arrangement chan- ot _)_ .
nels: 1 for the reagents and for the products. Figure 1. Energy;dep_endent transition probabllltles for the following

The matrix elements in eq 1, once derived as a function of ;gfﬁt'ing’ Ee;rgzs e%”t'égl_cﬁga)gsew+ s'egﬁsof’réhz’r:f fflcmated
various initial conditions, are used to calculate the reactive state- ' ' '

to-state integral cross sections according to the followin . .
formula: 9 g g Ewt. Due to the oscillatory nature of tedependent probability

functions, the cross sections had to be calculated for éach
i.e. AJ=1.

o), Voo = _ _ X The first task within the numerical treatment was the
kz(UOAJox)(zlox"‘ 1) calculation of J = 0 energy-dependent reactive transition
Z(ZJ +1) Z |S(tv|t01)|2 (3) probabilities for three initial vibrational states, namely= 0,
1Qu=10: D=1, 1, 2, in order to compare them with available results. Since
the energy dependent probabilities were so strongly oscillatory

Herek(vgijoy) is the reagents wave vector and the stand for and in order to get the overall shape of the probability functions,

the following expressions: the calculations were done f&300 energies and then smoothed
by a five-point progressing average (along the energy axis)
7= Min(J,j) (4) process. (ltis important to emphasize that each of our numerical

results are accurate and well converged, and the smoothing
To calculate the require8-matrix elements, the perturbed process was carried out just for the sake of the above mentioned
part of the total wave functionVyp;, was expanded in terms of  reason.) A similar process was done for the original prob-
L2 functions (in all coordinates). Those chosen for the present apjlities of Kress, Walker, Hayes, and Pendergast (KWHP).
calculations are localized functions along the translational axis we got from KWHP their actual results as calculated for 600
R: (=Rne-H,) and an adiabatic basis set related to the internal energietl® and smoothed them to the same extent; namely,
coordinatesr(,y;). In order to keep the number bf functions  pecause they have results for twice as many energies, we used

as small as possible, tif%; axis was divided into sectors and to 5 10-point progressing average process. The two types of results
each sector was attached one translational (Gaussian) function o presented in Figure 1. As is noticed, a qualitative fit is

and a set of the relevant adiabatic (internal) basis functions.
The size of the adiabatic set of functions in each sector was
controlled by an energy parametgg“c which was chosen to

obtained, although quite frequently the fit becomes even
guantitative. In our opinion the discrepancy could be attributed,

beE. = 1.8 eV. The numerical effort concentrated (for each mainly, to the relative short range assumed for the hyperspheri-

Ewt and J) on solving~6200 complex equations by the LU cal radiusp (<14 au) in the KWHP calculatiors.

decomposition method. The unusually large number of equa- [N Figure 2 are presented the full 3MD reactive cross sections
tions was dictated by the ionic character of the surface. We as calculated from eq 3 using tiematrix elements of eq 1.
found that in order to obtain converged results the range of the The cross section curves are seen to be oscillatory but less so
translational coordinat®; had to be extende@ 8 A (~15 au) than the corresponding probability curves (although sharp spikes
and so the number of sectors had to be increasedBth The were sometimes encountered). The QCT excitation functions
cross sections were calculated employdngalues in the range  are also shown, and they are, for all practical purposes, smooth.
0 < J < Jnax WhereJnaxis in the range (28,40) depending on  As is noticed the QCT curves deviate rather significantly from
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Figure 2. Energy dependent cross sections for the following reactions,
Ne + Hy* (v, ji = 0) — NeH" + H; » = 0, 1, 2. — Quantum
mechanical results. - - - Quasi-classical-trajectory results.

the QM curves; the deviations are manageablevfer 0, but
they increase to about 30% for= 1 and then to 50% fow;
2.

The results presented here require a detailed analysis as the
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