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This article reviews the experimental and theoretical
methodology of Penning ionization electron spectroscopy
utilizing He*(23S) + M — He + M* + e~ in the researches on
polycyclic aromatic hydrocarbons (PAHSs) including alkyl-
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bridged paracyclophane. A highly-sensitive retarding electron O/
energy analyzer of the magnetic bottle type was newly A ‘Q Metastable
developed, in which the magnetic bottle effect made it possible ‘ He* Beam
to cpllept qll of the electrons em!tteq |nt.o the 4g steradian from MM He*~ Aftractive
the ionization point. In the Penning ionization electron spectra 2 )

(PIES) of PAHSs, the bands originating from w orbitals were Collision ¢ e
observed about three times strongly compared to those from ¢ w’
orbitals. This propensity is connected with the selective Repulsive Q\He*

sensitivity of Penning ionization electron spectroscopy to the

surface electron of the molecule. Spectral simulations were successfully performed using the
outer-valence Green’s function (OVGF) method and the exterior electron density (EED)
calculations. The EED was defined for each molecular orbital ¢ as the total electron density
outside the van der Waals surfaces of the molecule. Classical trajectory calculations for Penning
ionization were also performed using the quantum chemically calculated potential energy surface
between the metastable He* atom and the target molecule M, in which He* was approximated by
Li. Comparisons between experiment and theory showed that (1) the PIES intensity (ionization
cross-section) is proportional to the exterior electron density (EED); (2) the trajectories of frontal
or grazing collisions roughly correspond to the surface areas where the EED extends; (3) the
velocity dependence of He* is related to the ionization cross-section ai, which is smaller for larger
(smaller) collision energy Ec when an attractive (repulsive) force acts between the metastable
atom He* and the molecule M.
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Figure 1. A highly-sensitive retarding-type
electron energy analyzer of the magnetic
bottle type for Penning ionization and

photoionization electron spectroscopies.
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Figure 2. Penning ionization electron
spectra (PIES) of (a) naphthalene and (b)
pyrene in collision with metastable He*(23S)

atoms.
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Figure 3. Electron density contour maps on
the molecular plane for ¢ orbitals and on a
plane 1 A away from the molecular plane for
n orbitals. The blue line represents the van

der Waals surfaces.
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Figure 4. lonization probabilities of
naphthalene as a function of the impact
parameter b at the collision energy of 200

meV with He*(23S).
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molecule.
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