Electron interaction with radicals; experimental observation of dissociative electron
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I. INTRODUCTION

Dissociative electron attachment (DEA) is a funda-
mental molecular fragmentation process and a major
process in plasmas, electrical breakdown phenomena,
combustion, the upper atmosphere and many other sit-
uations where there is a high density of free electrons.
These are all environments where unstable free radicals
have a crucial impact on the overall chemistry, but few
studies of electron attachment to unstable molecules have
been reported although many studies of stable molecules
and clusters have been reported, see e.g. [1, 2]. It ap-

pears that DEA has only been observed experimentally
to stable free radicals, such as NO [3], or partially stable
ones, such as OCIO [4, 5]. The experimental results for
OCIO are in agreement with theoretical calculations [6].
Theory has also been used to calculate the scattering of
low energy electrons by free radicals such as ClO, CF,
CF2 and CF3 [7-10] for which there are no experimen-
tal data. Electron attachment to excited states, such as
SO; in the B !By state [11, 12], and some exotic species,
such as So [13] and Nag [14], has been observed exper-
imentally. In this work a new spectrometer has been
developed to study DEA to unstable molecular species
such as free radicals; first results have been presented for
SQO and SQOQ [15]
II. RESULTS

The figure shows DEA spectra gathered for a mixture
of He and SO4 with the microwave discharge off, (a), and
on, (b), with linear and logarithmic vertical scales. The
results with the discharge off are consistent with previ-
ous measurements of dissociative electron attachment to
sulphur dioxide, see e.g. [12, 16-18]. Several new reso-
nances are observed with the discharge on, which have
been assigned to the radicals S2O and S04 [15].

Acknowledgments

The authors gratefully acknowledge financial assis-
tance from the EPSRC (GR/N04362/1 and 2), Royal
Society (RSRG 21245) and EPIC european network.

[1] A. Chutjian, A. Garscadden, and J. M. Wadhera, Phys. Reports
264, 393 (1996).

[2] T. Oster, A. Kiihn, and E. Illenberger, Int. J. Mass Spectrom. Ion.
Proc. 89, 1 (1989).

[3] Y. Chu, G. Senn, P. Scheier, A. Stamatovi¢, T. D. Mark,
F. Briining, S. Matejcik, and E. Illenberger, Phys. Rev. A 57,
R697 (1998).

[4] G. Marston, I. C. Walker, N. J. Mason, J. M. Gingell, H. Zhao,
K. L. Brown, F. Motte-Tollet, J. Delwiche, and M. Siggel, J. Phys.
B 31, 3387 (1998).

[5] G. Senn, H. Drexel, G. Marston, N. Mason, T. Mark, M. M. amd
C. Schmale, P. Tegeder, E. Rihl, and E. Illenberger, J. Phys. B
32, 3615 (1999).

[6] K. L. Baluja, N. J. Mason, L. A. Morgan, and J. Tennyson, J.
Phys. B 34, 4041 (2001).

[7] K. L. Baluja, N. J. Mason, L. A. Morgan, and J. Tennyson, J.
Phys. B 33, L677 (2000).

[8] I. Rozum, N. J. Mason, and J. Tennyson, J. Phys. B 36, 2419
(2003).

[9] I. Rozum, N. J. Mason, and J. Tennyson, J. Phys. B 35, 1583
(2002).

[10] I. Rozum, N. J. Mason, and J. Tennyson, New J. Phys. 5, 155
(2003).

[11] T. Jaffke, T. Hashemi, L. G. Christophorou, E. Illenberger,
H. Baumgartel, and L. Pinnaduwage, Chem. Phys. Lett. 203, 21
(1993).

[12] E. Krishnakumar, S. V. K. Kumar, S. A. Rangwala, and S. K.
Mitra, Phys. Rev. A 56, 1945 (1997).

[13] Y. LeCoat, L. Bouby, J. P. Guillotin, and J. P. Ziesel, J. Phys. B
29, 545 (1996).

[14] M. Kiilz, M. Keil, A. Kortyna, B. Schellhaa8, J. Hauck,
K. Bergmann, W. Meyer, and D. Weyh, Phys. Rev. A 53, 3324
(1996).

[15] T. AA)Field, A. E. Slattery, D. J. Adams, and D. D. Morrison, J.
Phys. B 38, 255 (2005).

[16] O. J. Orient and S. K. Srivastava, J. Chem. Phys. 78, 2949 (1983).

[17] I. M. Cadez, V. M. Pejéev, and M. V. Kurepa, J. Phys. D 16, 305
(1983).

[18] S. M. Spyrou, I. Sauers, and L. G. Christophorou, J. Chem. Phys.
84, 239 (1986).



