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Abstract 

The deexcitaion probability calculation of the total Penning ionization cross section 
for Ne(3P2) by Xe has been made in the region of the collisional energy from 18.5 to 38.1 
meV. The experimental cross sections have been compared with the deexcitation probability 
for Ne(3P2) by Xe.  Considering the magnitude of the mean collisional energy with respect to 
D, the application of the analysis in the case E >> D is expected to be more appropriate 
than in the case E << D. For further insight into this results, it is also of great importance 
to evaluate theoretical investigations of Ne(3P2) by Xe for the case  E >> D. 

Keywords: Metastable atoms, deexcitation probabilities, pulse radiolysis, collisional 
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Introduction 

Investigation of deexcitation processes of excited rare gas atoms by atoms and 
molecules is of great importance in both fundamental and applied sciences, which provides 
the essential features of chemical reactions, in particular, those including electronic energy 
transfer1-4. The deexcitation processes of excited rare gas atoms play a key also to 
understand fundamental processes in the interaction of ionizing radiation with matter and 
the phenomena in ionized gases4,5. 

The rate constants or the cross sections for the deexcitation processes have been 
measured by several methods such as a flowing afterglow technique, a beam method,   and a 
pulse radiolysis method. A few measurements of the rate constants or cross sections for the 
deexcitation of excited neon atoms have been studied in comparison with the excited helium 
atoms1-6. The excitation energy of a rare gas atom is sufficiently large to excite 
electronically or ionize various atoms and molecules.  The lowest excited atoms are divided 
as short-lived resonant atoms and long-lived metastable atoms. Theoretical formulations of 
the deexcitation of metastable atoms have also been studied7-12. However, ab initio 
calculations are still limited to some simple cases.13-17 On the contrary, few experimental 
works have been reported for the resonance or the radiative states in spite of much 
theoretical work because of experimental difficulty18,19. However, several experimental and 
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theoretical results on the collisional energy dependence of the cross sections for deexcitation 
of the resonance states as well as metastable states have been obtained by the present 
author20-22. 

In this paper, the deexcitation probability calculation of the total Penning ionization 
cross section for Ne(3P2) by Xe  has been made in the region of the collisional energy from 
18.5 to 38.1 meV. Comparing the magnitude of the mean collisional energy with respect to 
D, the application of the analysis in the case E >> D is expected to be more appropriate than 
in the case E << D. The experimental cross sections have been compared with the 
deexcitation probability as a function of the collisional energy for Ne(3P2) by Xe suggest 
that further theoretical calculations of case  E >> D are needed. 

 

Experimental Method and Calculation Procedure 

The experimental apparatus for measuring the rate constants or cross sections for the 
deexcitation a pulse radiolysis method is employed. The experimental method and 
calculation procedures have been described elsewhere3,4,18-24. 

At the limit of the case E << D the deexcitation probability should be obtained as 
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However, the reported cross section is thermally averaged over the Maxwellian 
distribution of f(v) so that in the present analysis20  
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Results and Discussion 

A major part of total Penning ionization cross sections of the reported experimental 
cross sections are considered to be due to collisional ionization of Xe by Ne(3P2) including 
both Penning ionization and associative ionization. This is because the excitation energy of 
Ne(3P2) greater than the ionization potentials of Xe is enough to ionize the Xe through the 
transfer of excitation energy by deexcitation. 

The reported experimental data are analyzed by considering the case E<<D20. For the 
case E << D, the obtained deexcitation cross sections (σM) and deexcitation probabilities 
(Pc) are shown in Table 120. In figure 1, the cross sections values for Ne(3P2) by Xe are 
plotted as a function of collisional energy.  The cross section values slightly decrease or 
constant with increasing the collisional energy. In figure 2, the deexcitation probabilities for 
Ne(3P2) by Xe are plotted as a function of collisional energy. The deexcitation probability 
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values of Pc in Fig. 2 slightly decrease or constant with increasing the collisional energy for 
the deexcitation of Ne(3P2) by Xe. It shows that the assumption for the constant value of 
P(b) = P at b< bc to derive  σ = Pπb2

c is not appropriate. The region of collisional energy 
which fills the 0 < E < D coincides with the region where the cross section obtained by cross 
beam experiments dispersively increased with decreasing the collisional energy.25 

 
 

Figure 1: Cross sections vs collisional 
energy for the deexcitation of 
Ne(3P2)by Xe. 

Figure 2: Deexcitation probability vs 
collisional energy for the 
deexcitation of Ne(3P2) by Xe. 

Table 1:  Deexcitation probabilities Pc of Ne(3P2) by Xe for the case E<<D.  

Collisional 
energy (meV) 

  
38.1 

 
35.3 

 
32.7 

 
30.1 

 
27.5 

 
24.9 

 
22.4 

 
19.8 

 
18.5 

σXe (Å
2)  

20.2±1.2 

 

18.8±1.8 

 

17.9±1.7 

 

18.1±1.9 

 

18.0±1.7 

 

17.9±1.4 

 

20.0±1.3 

 

19.5±1.7 

 

18.7±1.9 

Pc  

0.17±0.01 

 

0.15±0.02 

 

0.14±0.01 

 

0.14±0.02 

 

0.13±0.01 

 

0.13±0.01 

 

0.14±0.01 

 

0.13±0.01 

 

0.12±0.01 

 
Since the obtained thermally averaged cross sections are the averaged values of cross 

sections weighted by the Maxwellian distribution, a small amount of contribution  of the 
collisions for 0 < E < D is involved. An extrapolation of Pc together with the collisional 
energy dependence of πb2

c by P = σM/πb2
c to the region 0 < E < D does not appear to give 

such a collisional energy dependence.  The experimental cross sections have been compared 
with the deexcitation probability as a function of the collisional energy for Ne(3P2) by Xe  
and considering the magnitude of the mean collisional energy with respect to potential well 
depth suggests that further theoretical calculations for case  E >> D are needed.  For further 
understanding of deexcitation of Ne(3P2), the quantum mechanical optical model 
calculations and ab initio calculations of the optical potentials and further absolute 
measurements of the rate constants or  cross sections in a adequately wide collisional energy 
region are also needed.  
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Conclusions 

In this paper, the deexcitaion probability calculation of the total Penning ionization 
cross section for Ne(3P2) by Xe has been made in the region of the collisional energy from 
18.5 to 38.1 meV. Considering the magnitude of the mean collisional energy with respect to 
D, the application of the analysis in the case E >> D is expected to be more appropriate than 
in the case E << D. The experimental cross sections have been compared with the 
deexcitation probability as a function of the collisional energy for Ne(3P2) by Xe suggest 
that further theoretical calculations for case  E >> D are needed. The quantum mechanical 
optical model calculations and ab initio calculations of the optical potentials and further 
absolute measurements of the rate constants or  cross sections in a adequately wide 
collisional energy region are also needed for further understanding of deexcitation of 
Ne(3P2). 

 

Acknowledgements  

The author would like to express his sincere gratitude to Professor Emeritus 
Dr.Yoshihiko Hatano of Tokyo Institute of Technology, Tokyo, Japan for providing the 
research facilities for conducting this research work. 
 

References 
1. A. Niehaus; in Physics of Electronic and Atomic Collisions, ed. by S. Datz, 

Amsterdam, North-Holland, 1982, p. 237. 
2. A. J. Yencha, in Electron Spectroscopy-Theory, Techniques and Applications, ed. 

by C. R. Brundle   and A. D. Baker, Academic, New York, 1984, vol. 5, p.197. 
3. M. Ukai and Y. Hatano, in Gaseous Electronics and Its Applications (eds R. W. 

Crompton, M. Hayashi, D. E. Boyd and T. Makabe) KTR Scientific  Publishers, 
Tokyo, 1991, p. 51. 

4. Y. Hatano, in Pulse Radiolysis, (ed. Y. Tabata) CRC Press, Boca Raton, 1991, 
p.199. 

5. B. Brunetti and F. Vecchiocattivi, in Cluster ions, (eds C. Y. Ng, T. Baer, and I. 
Powis) Wiley, New York, 1993, p.359. 

6. P. E. Siska, Rev. Mod. Phys., 1993, 65, 337. 
7. K. S. Lam, T. F. George, and D. K.  Bhattacharyya, Phys. Rev. A, 1983, 27, 1353. 
8. K. S. Lam, and T. F. George, Phys. Rev. A, 1984, 29, 492. 
9. W. H. Miller, J. Chem. Phys., 1970, 52, 3563. 
10. H. Nakamura, J. Phys. Soc. Jpn., 1969, 26, 1473. 
11. H. Fujita, H. Nakamura, and M. Mori, J. Phys. Soc. Jpn., 1970, 29, 1030. 
12. H. Nakamura, J. Phys. Soc. Jpn., 1971, 31, 574. 
13. W. H. Miller, and H. F. Schaefer III, J. Chem. Phys., 1970, 53, 1421. 
14. W. H. Miller, C. A. Slocomb and H. F. Schaefer III, J. Chem. Phys., 1972, 56, 1347. 
15. A. P. Hickman and H. Morgner, J. Chem. Phys., 1977, 67, 5484. 
16. J. S. Cohen and N. F. Lane, J. Chem. Phys., 1977, 66, 586. 



 
 
 
 

 
J. Nepal Chem. Soc., vol. 25, 2010 

 
 
 
 
 
 

- 74 - 

17. A. P. Hickman, A. D. Isaacson and W. H. Miller, J. Chem. Phys., 1977, 66, 1483. 
18. M. Ukai, H. Koizumi, K. Shinsaka  and Y. Hatano,  J. Chem. Phys., 1986, 84, 3199. 
19. M. Ukai, Y. Tanaka, H. Koizumi, K. Shinsaka and Y. Hatano, J. Chem. Phys., 1986, 

84, 5575. 
20. D. B. Khadka, Y. Fukuchi, M. Kitajima, K. Hidaka, N. Kouchi, Y. Hatano and M. 

Ukai, J. Chem. Phys., 1997, 107,  2386. 
21. D. B. Khadka, N. Kouchi and Y.Hatano, J. Nepal Chem. Soc., 1998-99, 17-18, 30. 
22. H. Fukuzawa, M. Murata, N. Kiyoto, T. Mukai, Y. Fukhchi, D. B. Khadka, M. 

Ukai, T. Odagiri, K. Kameta, N. Kouchi and Y. Hatano,  J. Chem. Phys., 2003, 118, 
70. 

23. D. B. Khadka, J. Nepal Chem. Soc., 2009, 24, 19. 
24. D. B. Khadka, J. Nepal Chem. Soc., 2009, 24, 45. 
25. M. J. Verheijen and H. C. W. Beijerinck, Chem. Phys., 1986, 102, 255. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


