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ABSTRACT
A variable wavelength angle resolving photoelectron spectrometer has been

used to study the effects of autoionization and shape resonances upon molecular
photoionization. Such resonance phenomena produce non-F^anck-Condon effects in
the vibrational intensity distributions and significant variations in the
asymmetry parameters. Results are presented for C2N2 and COp. Constant Photo-
electron Energy (CPE) spectroscopy has been performea on CpHp and spectra are
shown at four kinetic energies. The information concerning energy absorption in
molecules gained from these studies is discussed.

INTRODUCTION
Triply differential photoelectron spectroscopy has been used to study the

effects of autoionization and shape resonance phenomena on the photoelectron
branching ratios and asymmetry parameters in small polyatomic molecules. Re-
sults are reported for C2N2 and C02, and, in addition, a CPE study on C2H2 is
presented. Both autoionization and shape resonances produce non-Franck-
Condon effects in the vibraticnal intensity distributions as well as vibra-
tional state dependent asymmetry parameters. Autoionization is caused by the
creation of an excited state of the neutral system, which lies abcve the
ionization onset and couples to the various available ionization continua of
the ion and free electron. This indirect ionization via an intermediate
state leads to non-Franck-Condon variations in the overall vibrational intensi-
ties and associated photoelectron angular distributions. In shape resonance
phenomena (1) the effective potential experienced by an electron becomes positive
for some range of electron coordinates. This can lead to trapping of a photo-
excited electron in a quasi-discrete state by the centrifugal barrier and again
lead to a breakdown of the Franck-Condon principle.
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EXPERIMENTAL

The experiments were performed using a 50 mm mean radius hemispherical
electron analyzer (2) coupled to a high aperture 2m normal incidence monochro-
mator (3) connected to the NBS-SURF II storage ring (4). With a photon band-
width of 0.4A, the combined resolution of the electron analyzer and monochro-
mator was approximately 110 meV. For elliptically polarized radiation the
differential cross section in the dipole approximation, assuming randomly
oriented target molecules and electron analysis in a plane perpendicular to the
photon propagation direction, may be written in the form (5)

where 3 is the photoeiectron asymmetry parameter, 6 is the photoeiectron ejec-
tion angle relative to the major polarization axis, and P = (I.. - I.)/(I|. -
Ii), the polarization of the incoming light. The data analysis was carried out
by decomposing the spectra into vibrational components by means of a nonlinear
least squares fit to Gaussian line shapes after inclusion of the appropriate
analyzer functions (6).

RESULTS
The vibrationally resolved asymmetry parameters for the ground ionic state

X n of cyanogen are displayed in Figure 1. This band shows a progression in
v,, the C=N symmetrical stretching mode. The cyanogen C=N bond may be expected
to possess some of the characteristics of the nitrogen N=N bond and therefore,
to some extent, exhibit some of the shape resonance effects which have already
been predicted (7) and observed (8) in nitrogen. Below 20eV, the 0 parameters
vary strongly with photon energy and show a vibrational state dependence. The
total photoionization spectrum (9) is dominated by autoionizing resonance struc-
ture from close to threshold (13.36 eV) to almost 15.5 eV and, in addition, an
intense broad peak is observed extending from approximately 15.5 eV to 20.5 eV,
with a maximum around 16.9 eV. It is apparent that, the dip observed in all
three vibrationally resolved asymmetry parameters coincides with this intense;
peak. Hence, as a tentative conclusion, shape resonance phenomena may be }
responsible for the dips in the asymmetry parameters and for the intense peak'
in the total photoionization cross section.

The total photoionization spectrum of carbon dioxide (10) shows a variety
of structure characteristic of autoionization in the first 8 eV above the
ionization threshold. The wavelength region encompassing three sharp autoion-
izing lines at around 752.2A (15.482eV)has been investigated (11) in order to
determine the effect of autoionization on the photoelectron branching ratios and

o

asymmetry parameters. In the wavelength region around the 752.2A autoionzing
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Fig. 2 The C O * X 2n vibra-
tional branching ratios and
total electron count plotted
as a function of photon energy.

Fig. 1 The spectral variation in
the vibrationally resolved asymmetry
parameters for.the9v=0, 1 and 2
levels of C2N2 X \.

resonance it was found that the simple (n,0,0) progression did not adequately
describe the photoelectron spectrum. The approach that seemed to yield the best
fit was allowing for single excitation of the v,, mode, witi«excitation of the v,
mode with n=l, 2 and 3. The photoelectron branching ratios in this photon
energy range are shown in Figure. 2. Near the resonances, the (0,0,0) and the
(1,0,0) intensities drop considerably from the background Franck-Condon values.
The intensity of the substructure attributed to the v7=l, rises in the region
around the 752.2A resonance and makes insignificant contributions elsewhere.
This suggests that this member of the Henning series contains distortions from
linearity which allow for the population of bent configurations of the ionic
ground state.

In CPE spectroscopy (12) the intensity of photoelectrons with a specific
kinetic energy, Ek, is measured as a function of incident photon energy. Such
measurements can be performed using small photon energy increments and can dis-
tinguish between direct and indirect, e.g., autoionization processes. Figure 3
shows CPE spectra of acetylene at ̂ = 0 , 0-l» 0.5 and 1.0 eV. Photoelectron
peaks corresponding to the X, A and B ionic states appear at constant binding
energies. However, two additional features can be observed, between 13 and 14
eV and between 14.5 and 15.5 eV, which remain stationary on the photon energy
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Fig. 3 Constant Photoelectron «»
Energy spectra of CpFL at four
electron kinetic energies;
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scale as the kinetic energy is varied. The energies at which these two features
appear coincide with two broad intense autoionizing resonances in the total
photoionization spectrum.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


