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ISOTOPE EFFECTS IN THE EMISSION CROSS SECTION OF THE BALMER LINES
(B,Y,8) PRODUCED BY CONTROLLED ELECTRON IMPACT ON HC1 AND DC1

Teiichiro OGAWA, Morihide HIGO, Minoru TOYODA, and Nobuhiko ISHIBASHI
Faculty of Engineering, Kyushu University, Hakozaki, Fukuoka 812

The relative emission cross section (GD/GH) of the excited
hydrogen and deuterium atoms produced in the dissociative excitation
of HC1 and DC1 by 300 eV electrons revealed an isotope effect, which
varied with the principal quantum number of the excited atoms.

oD/cH B:0.83+0.04, v:0.87+0.04, §:0.93+0.05.

Platzman suggested that formation of a superexcited state with subsequent
competition between pre-ionization and dissociation is the dominant primary process
for electron impact and that the slower motion of the heavier atom induces the
isotope effect of the dissociation.l) This effect has been investigated on
hydrogen,z) methane,z) methanol,s) acetonitrile4) etc. However, the dissociative
excitation of the hydrogen atom of these molecules may be complicated because of
the presence of more than two processes.s)

The emission spectra produced by electron impact on HC1l and DC1l have been
measured by Toyoda et 31.6) and Mohlmann et al.7) The excited hydrogen atom thus
produced was found to have a large translational energy.s)
excitation of the hydrogen atom seems to proceed predominantly through a repulsive
potential curve, predicting a simpler process and a small isotope effect in its
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The quantitative measurements were carried
out where the intensity of the Balmer B
radiation was proportional to both the gas Fig. 1. Schematic diagram of
pressure and the electron-beam current. the apparatus.
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A typical spectrum of the Balmer B lines from a mixture of HC1l and DC1 is
shown in Fig. 2. The relative emission cross section of the Balmer lines was
determined by comparing their areas of the spectral lines. The results were
independent of the electron-beam current (0.3 -2.0 mA), and the gas pressure (0.2
- 3.0 mTorr). The uncertainties of the results owing to the random experimental
fluctuation, the line overlap, and the sample composition were estimated to be
about 2-4 %, below 2 %, and 3 %, respectively.
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Fig. 2. Spectra of the Balmer B lines by electron

impact on HC1l and DCl. Electron energy, 300 eV.

The results are summarized in Table 1. The isotope effects in the emission
cross section of the Balmer lines varies with the principal quantum number of the
excited hydrogen atom, as in the case of acetonitrile. The excited hydrogen
atom from hydrogen chloride has been estimated to be produced mainly through
repulsive Rydberg states, since its translational energy is large and seems to
have an almost single distribution;g) whereas the excited hydrogen atom from such
molecules as H2 and CH4 seems to have more than two components.s) It is note-
worthy that the dissociative excitation from such repulsive state has still
isotope effects in the emission cross section; this finding indicates that there
are competing processes even for the dissociation from a repulsive state.

Table 1. The relative emission cross section of the dissociative
excitation of hydrogen and deuterium atoms from HC1l and DC1.

Balmer B Y §
oD/o‘H 0.83+0.04 0.87+0.04 0.93+0.05
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