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ABSTRACT

The quasi-classical trajectory(QCT) calculation for the reaction O(*D)+CH, is carried out based on a constructed
London-Eyring-Polanyi-Sato(L EPS) potential energy surface(PES). Importance in this work has been attached to
calculating the OH+CH, channel. Product angular distribution has been studied so as to make comparison with
experiments. The calculated results arein excellent agreement with available experimental results. It indicates strongly
that there are aforward scattered peak and a backward scattered peak for the OH product relative to the O(*D) beam

direction at the collision energy of 6.8K cal/mol.

INTRODUCTION

Over the past twenty years, There have been tre-
mendous developments in the state-of-art of the
crossed molecular beam experiments*2. The uni-
versal crossed molecular beam apparatus® provides
us with many useful experimental results about the
multiple channel dynamicsinthe O(*D) reactionwith
alkane molecules™,

Thereactivity of thesinglet O atom isvery im-
portant in many research areas. Thisislargely due
to itshigh reactivity with other molecules, owing to
its ability to insert into other chemical bonds with
small or no reactive barriers. The reaction of O(*D)
with CH, has been studied previously using various
experimental 523 and theoretical methods?+?. It is
now well established that the dominant reaction
channel of the O('D) reaction with CH, is the
CH_+OH channel. In spite of the abundant experi-
mental information availablefor the O(*D)+CH, re-
action, theoretical studies on these types of reac-
tions are very scarce. In this article, the QCT cal-
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culation of the O(*D)+CH,—CH_+OH isinvestigated
in order to compare with previous experimental re-
sults. Such study allows the theoretical dynamical
calculations to compare with experimental results.
The comparisonisof great importanceto the under-
standing of these complicated reaction systems.

This paper is outlined as follows. In Sec 1, the
theory and the calculation details are introduced. In
Sec 11, the cal culated results of the potential energy
surface and product angular distribution are dis-
cussed. We end with asummary in Sec IV

THEORY

L EPS potential energy surface

The extended LEPS potential energy
surface(PES) is employed to study the
O(*D)+CH,—OH+CH, reaction using the quasi-
classical trgectory (QCT) method. The methyl group
was treated as an atom of 16.0amu for the LEPS
potential energy surface of the O(*D)+ CH,—»OH+
CH, system.


mailto:wisdomyay@163.com

280 Theoretical study of the O(*D) reaction with methane

OCAIJ, 11(8) 2015

Full Paper ==

V(r1'r2'r3)=Q1 +Q2 +Q3 —(Jf+J§ +J§_J1J2 _‘]2*]3_‘]1*]3)1/2
Where

Q = 5(E+E)
J, =%(1Ei+3Ei)
'E, is defined as the diatomic Morse potential,

and°E, standsfor the anti-Morsefunction

'Ei =D, ({1-exp[-B;(r —ry)1}* - 1)
°E="D; ({1+exp[-B, (r —r,)I}* -1)

Where
3Di = Di(l_si)
2(1+S)

S isan adjustable parameter(The so-called Sato

parameter), D, , B, andr, represent the M orse param-

eters of the diatom, subscript i=1,2,3 indicates OH,
H-CH, and O-CH_,respectively. The parameters of
, and for potential energy surface are taken from
Reference 26 for the reaction
O('D)+CH,—OH+CH,. Thepotentia energy surface

by adjusting (i=1,2,3) is constructed, and all the pa-
rameters are presented in TABLE 1.

Quasi-classical trajectory(QCT)calculations

Thewell-known CLASTR program!® was used
to perform thequasi-classical trgjectory calculations.
Sincethisprogramisonly applied totheA+BC sys-
tem, the methyl group wastreated as an single atom
of 16.0amu. The classical Hamilton’s equations for
motion were integrated numerically in three dimen-
sions. In the calculations, 2x10*trgjectories were
sampled and the trgjectories were initiated with O-
CH,, inter-nuclear separation of 13U. Theintegration
step size in the trgjectories was chosen to be 40fs.

RESULTSAND DISCUSSIONS

Potential energy surface

The LEPS potentia energy surfaceisconstructed
according to the experimental datd®!. The reaction
profile aong the minimum energy path from reac-

TABLE 1: Morse parameters for the LEPS PES for the O('D)+ CH,— OH+ CH, reaction

OH H' CH3 O' CH3
D, /ev 6.587 4.8202 6.03
N |
B IU 0.6413 0.6230 0.5797
1
r,/U 0.9697 1.1562 1.4407
S 1.910 0.5 -0.151

Ef(kJ/imol)
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Figure1: Thereaction profile along the minimum energy path from reactants to products on the LEPS PES of the

BO(*D)+CH,

T
500

T
1000
Reaction cordinate

T
1500

T
2000

Onganic CHEMISTRY o
Au Tudian Yournal



OCAIJ, 11(8) 2015

Ang-YangYu et al.

281

—= Py/] Peper

Figure 2 : The 3D product contour plot for the OH product from the OH + CH, channel. The high peak scattering
direction isthe CM forward scattering direction. The arrows in the figure stand for the incoming directions of the

reactants
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Figure 3 : Theoretical product angular distribution for the **OH formation channel from the *O(*D)+CH,, reaction

in the CM frame(The scattered dots are the calculated results)

tantsto products on our chosen PESisdemonstrated
in Figure 1. Almost no potential barrier isinvolved
and apotential well whose depthisabout 121.1 kJ/
mol appears on the exit valley of the PES.

Product angular distribution

A three-dimension center of mass product flux
diagram is constructed. Asis showninthe Figure 2
above, the overall OH product is clearly forward
scattered relative to the O(*D) beam direction. In
addition to the forward scattered OH product, there
isaso abackward scattered peak for the OH prod-

uct relative to the O(*D) beam direction.

Inthe QCT simulationsusingthe CLASTR pro-
gram, the O(*D)+ CH,—OH+ CH, channel wasin-
vestigated at the collision energy of 6.8Kca/moal.
Based on thetheoretical results, the product angular
distribution is plotted in Figure 3.

In comparison with the experiment product an-
gular distribution, the theoretical diagram also il-
lustrates the backward scattered OH peak and the
forward scattered OH product. The scattered dots
in the figure are calculated from the output file of
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the program. Although there isn’t the result in the
CM 0° direction, the trend is clear. That is to say,
thereis a clear forward scattered OH product peak
relative to the O(*D) beam direction. The theoreti-
cal product angular distribution is in good agree-
ment with the experimental result.

From the product angular distribution of the
O('D)+ CH,—»OH+ CH, channel, along-lived com-
plex pathway islikely to be very important because
of thedeep well inthe MEP path in the LEPS poten-
tial energy surface. There could also beadirect pick-
up or ashort-lived complex mechanism because of
the more obvious forward scattered product.

CONCLUSION

In summary, the QCT calculations were per-
formed in order to compare with the experimental
resultsfor the O(*D)+ CH,—OH+ CH, reaction. The
calculated results demonstrate that there is aso the
forward scattered OH product and abackward scat-
tered peak for the OH product relative to the O(*D)
beam direction at the collision energy of 6.8Kcal/
mol. Thistheoretical product angular distributionis
guite consistent with available experimental result.
Theoretical studies of other reaction channels
O(*D)+CH,—~H,COH/H,CO+H and
O('D)+CH,—H,CO/HCOH+H, areunderway in or-
der to compare with previous experimental results.
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