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CROSS~BEAM STUDIES OF CHEMILUMINESCENT REACTIONS OF METASTABLE ATOMS

C. T. Rettner and J. P. Simons

Chemisfry Department, The University, Birmingham B15 2TT (Gt. Britain)

Molecular beam acceleration, using the high speed rotor technique
originally devised by Bull and Mbonl, provides an excellent basis for
generating supersonic beams of metastable atomic (or molecular) reagents,
e.g. Xe(*Pg, 2), Kr(’Po’z)..... Hg(’Po,z). A novel cross-besgm system has
been constructed” to study the chemiluminescent interaction of metastable
atoms with molecular reagents, at collision energies tunable in the range
< 1.5 ev, It incorporates a carbon fibre composite shafted rotor, which
is spun in a gas at low pressure (typically 10~° Torr) at frequencies
£ 4000 Hz, achieving tip speeds £ 2 km s~'. The rotor, which is magneti-
cally levitated and driven, propels a2 pulsed atomic beam through an electron
bombarder, where a small proportion of the heam Is excited into a metastable
state. For example, the system generates pulses of metastable Xe(’P, ,}
containing * 10° excited atoms/pulse at an average flux ~ 10** ar—' g%,
These intersect a nozzle beam of the molecular reagent at 90° and the chemi-
luminescence signals are monitored along the third perpendicular axis uszing
photon counting and multichannel scaling techniques. A schematic diagram
of the system is shown in fig. 1.

The technique is being used to study the molecular dynamics of a number
of chemiluminescent reactions through the following types of observation.
a) Chemiluminescence spectra: for illustration, the fluorescence

spectra generated under single collision conditions during the cross—

beam interaction of Xe(’Po 2) with Br,, CCl, and BrCN will be displayed at
L]

the Poster Session.

b) Fluorescence polarizationsaz the anisotropy of the fluorescence,

parallel and perpendicular to the relative velocity vector of the colliding
beams, can be recorded as a function of the fluorescence wavelength and
collisgion energy. Results for the fluorescence from XeBr* generated in
the reaction .

Xe(®Py) + Brz + XeBr”™ + Br (1)



and recorded at the 'primary' band at (280 * 10)mm, are shown in fig. 2.
c) Excitation functions: results have been obtained for reaction

(1) (see ref. 2{(b)) and fer the reaction of Xe(’Po,,) with BrCN (see fig.
3).

The observations provide information on the tranaslational energy
dependence of the total chemiluminescent reaction creoss-section and of
the energy disposal and the dispesition of orbital and internal angular
momenta in the separating products. In reaction (1) for example, the
polarization of the fluorescence from XeBr*, p = (Iz- I/ (+ 1),
increases towards a limiting value p v +Y; as the rotor speed increases
(see fig. 2). The positive polarization, which has the same value at
the '"primary’ (v 280 nm) and 'secondary’ (v 350 nm) bands, confirms the
assignment of each component to transitions polarised parallel to the
molecular axis, i.e. with AR = O, The increasing anisotropy with
increasing collision energy reflects the approach to spectator-stripping
dynamics and in general, the observations reinforce the similarity of
reaction (1) to the reaction of alkali metal atoms with halogens.4 The
measurement of polarization ratiocs at controlled collision energies and
at selected wavelengths in the chemiluminescence spectrum is particularly
advantageous, since 1t allows state selection in both the reagent and

product channels.
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