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Fig. 1. Equipotential contour plot for CH,, the contour in-
crements are 0.1 eV: (a) For bond stretching in C-H-H linear
geometry; (b) for T-shaped insertion of C into H, diatoms.
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Fig. 3. The reaction probabilities vs. collision energy at different J.
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Fig. 4. Comparisons between the CC and CS probability.
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Wave packet quantum dynamics of C(°P) + Hy(X'X,)
— H(*S) + CH(*II) reaction based on new CH,(X?A”) surface”

Zhao Wen-Li"V  Wang Yong-Gang!  Zhang Lu-Lu?
Yue Da-Guang?  Meng Qing-Tian 31

1) (School of Information Science and Engineering, Shandong Agricultural University, Taian 271018, China)
2) (School of Science, Shandong Jiaotong University, Jinan 250357, China)

3) (School of Physics and FElectronics, Shandong Normal University, Jinan 250358, China)
( Received 18 January 2020; revised manuscript received 20 February 2020 )

Abstract

The C(®P) 4+ H,— CH+4H reaction in a collision energy range of 1.0 2.0 eV with the initial state
v=0,7=0 is investigated based on the new potential energy surface (PES) by using the Chebyshev wave
packet method. All partial wave contributions up to J = 60 are calculated explicitly by the coupled state (CS)
approximation method and the Coriolis coupling (CC) effect. Dynamic properties such as reaction probabilities,
integral cross sections, and state specific rate constants are calculated. The calculated probabilities and integral
reaction cross sections display an increasing trend with the increase of the collision energy and an oscillatory
structure due to the CH, well on the reaction path. The thermal rate constants of the endoergic reaction with a
temperature ranging from 1000 K to 2000 K are obtained also. The calculated rate constants increase in the
entire temperature range, showing a sharp 7T dependence in a range of 1400-2000 K. The rate constants are
sensitive to the temperature due to the high threshold of the title reaction. In addition, the results of the exact
calculations including CC effect are compared with those from the CS approximation. For smaller J, the CS
probabilities are larger than the CC results, while for larger J, they are smaller than the CC ones. For reaction
cross sections and rate constants, the CS results and the CC ones are in good agreement with each other at
lower energy. However, they turn different at higher energy. The comparison between the CC and CS results
indicates that neglecting the Coriolis coupling leads the cross sections and the rate constants to be
underestimated due to the formation of a CH, complex supported by stationary point of CHy(X3A” ) PES. It is
suggested that the CH, complex plays an important role in the process of the title reaction. However, it seems
to overestimate the CS and CC rate constants because the barrier recrossing is neglected. Unfortunately, the
results obtained in the present work have no corresponding theoretical or experimental data to be compared
with, therefore these results provide simply a certain reference significance to the follow-up study of the title

reaction.
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