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B. MFPADs for NO2

Next we will examine the MFPAD in the coordinate
frame provided by the symmetry axes of the C2v NO2 mol-
ecule. In Fig. 3 we show the orientation used in the theoret-
ical calculations, which has the molecule in the yz plane and
the N atom below the O atoms in the z direction. Using this
orientation, we also give in Fig. 3 the initial orbitals from
which we will consider ionization in this study, the 4a1 and

1a2 orbitals. The 1a2 orbital is essentially a lone pair orbital
primarily composed of px orbitals on the O atoms with the
orbital having a node in the plane of the molecule. The 4a1

orbital is primarily a lone-pair orbital composed of sp hy-
brids on the O atoms that are pointed away from the N atom,
with some 2s contribution on the N atom.

The MFPAD for ionization from the 1a2 orbital at a
photon energy of 14.4 eV as computed using Eq. �1� is given
in Fig. 4 for light linearly polarized in the x, y, and z direc-
tions leading to electrons in the kb2, kb1, and ka2 continua,
respectively. The shape of the MFPADs can be qualitatively
understood by a simple consideration of the angular momen-
tum composition of the initial orbitals as seen in their nodal
structure and the angular momentum and corresponding
nodes contributed by the various polarizations of the light.40

In the case of the 1a2 orbital, the initial orbital can be best
described as an xy orbital. For the x-polarized light, the out-
going wave should be predominately x2y in character and
that is reflected in the strong peaks in the intensity in the ±ŷ
directions. The shape for the z-polarized light is clearly seen
as an l=3 distribution coming from the xyz expected sym-
metry obtained from the product of the orbital and photon
angular momenta. The one surprising MFPAD is that found
in the case of the y-polarized light. In this case the expected
xy2 symmetry is not seen, instead a strong xz symmetry is
found. This must then be attributed to strong scattering of the
photoelectron by the molecular ion potential.

The shapes of the MFPADs in the case of ionization
from the 4a1 orbital at a photon energy of 22 eV shown in
Fig. 5 indicate a propensity for ejection of the photoelectron
in the direction of the orientation of the lone pair on the O
atoms. This is very reminiscent of the direction of ejection of
the photoelectron predicted in the ionization of the O lone
pair in CO.41 This propensity is seen for all three polarization
directions shown in Fig. 5, with the case of the photoemis-
sion with z-polarized light being the most dramatic.
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FIG. 3. Three dimensional representations of the primary hole orbitals for
the two ion states considered in this study. The molecule is oriented in the yz
plane; the C2 symmetry axis coincides with the z axis, with the N atom
below the O atoms in the z direction.

FIG. 4. Computed MFPADs for ionization at a photon energy of 14.4 eV leading to the �1a2�−1 b 3A2 state of NO2
+. The scales of the axes are given in units

of Mb. The molecule is oriented in the yz plane with the C2 symmetry axis coinciding with the z axis. The MFPADs are given for light linearly polarized in
the x, y, and z directions as shown, with the resulting symmetry type of the wave function for the continuum electron indicated in the parentheses.
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