N
N

N

HAL

open science

Resonant Auger decay of iodobenzene below the I 4d

edge

Stephen T Pratt, Ugo Jacovella, Bérenger Gans, John D Bozek, David M P
Holland

» To cite this version:

Stephen T Pratt, Ugo Jacovella, Bérenger Gans, John D Bozek, David M P Holland. Resonant Auger
decay of iodobenzene below the I 4d edge. The Journal of Chemical Physics, 2024, 160 (17), pp.174309.

10.1063/5.0203661 . hal-04749344

HAL Id: hal-04749344
https://hal.science/hal-04749344v1

Submitted on 23 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04749344v1
https://hal.archives-ouvertes.fr

RESONANT AUGER DECAY OF IODOBENZENE BELOW THE I 4d EDGE

Stephen T. Pratt,* Ugo Jacovella,” Bérenger Gans,® John D. Bozek,*

and David M. P. Holland4

#Chemical Sciences and Engineering Division, Argonne National Laboratory, Lemont, IL 60439
USA
bInstitut des Sciences Moléculaires d’Orsay, CNRS, Université Paris-Saclay,
F-91405 Orsay, France
“Synchrotron SOLEIL, 'Orme des Merisiers, Départmentale 128, 91190 Saint-Aubin, France

4STFC, Daresbury Laboratory, Daresbury, Warrington, Cheshire, WA4 4AD, UK

*Corresponding Author Email: stpratt@anl.gov

The submitted manuscript has been created by UChicago
Argonne, LLC, Operator of Argonne National Laboratory
(“Argonne”). Argonne, a U.S. Department of Energy Office
of Science laboratory, is operated under Contract No. DE-
ACO02-06CH11357. The U.S. Government retains for itself,
and others acting on its behalf, a paid-up nonexclusive,
irrevocable worldwide license in said article to reproduce,
prepare derivative works, distribute copies to the public, and
perform publicly and display publicly, by or on behalf of the
Government.


mailto:stpratt@anl.gov

ABSTRACT
New data are presented on the resonant Auger decay of iodobenzene (CsHsl) in the region of the I
4d! ionization threshold. The excited molecules decay by participator and spectator processes to
populate single-hole valence states and two-hole, one-particle excited states of the cation,
providing new information on the structure of CesHsI'. Excitation of dissociative CeHsI (I
4dsn32")o* resonances can in principle result in ultrafast dissociation to CsHs + I** and the
subsequent autoionization of I**, but no evidence for this process is observed. The results are

compared with our recent study of the resonant Auger decay of methyl iodide (CHsI).
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I. INTRODUCTION

The excited states produced by resonant excitation near a core-ionization threshold can decay by
a number of competing ionization, dissociation, and fluorescence processes, as well as by more
complex sequences of these processes.>>>*® This competition provides a unique probe of electron
correlation, the coupling of electronic and nuclear motion, and the structure of atomic and
molecular ions. The autoionization of such resonantly excited states via Auger processes can

proceed via two general mechanisms.%"8

If the electron in the resonantly excited orbital is directly
involved in the ionization process, it is called participator decay. This process generally results in
the production of single-hole states of the ion. If, however, the excited electron is not directly
involved in the decay process, it is called spectator decay, and results in two-hole, one-particle
states of the cation. Such states are typically not accessed in single-photon valence photoelectron
spectroscopy’ because they require two-electron transitions that tend to be weak. Electron

correlation and relaxation effects can complicate this simple picture, resulting in "shake-up" and

"shake-down" processes and more complex electron dynamics.

In the present paper, we focus on resonant Auger processes in iodobenzene (CeHsl) in the region
just below the I (4dsp2327") thresholds, and compare these with our recent results on the analogous
processes in CH3L.2° The dominant features in the CsHsl absorption spectrum in this region
correspond to transitions from the ground electronic state to the CsHsI (I 4ds2,327')o* resonances,
where the o* orbital is the antibonding LUMO. Somewhat weaker transitions are also observed to
Rydberg states converging to the I 4d™! thresholds. The differences between the C¢HsI and CHsl
decay processes result from two principal effects. First, the phenyl group is a better electron donor
than the methyl group, so that the resonances and thresholds due to I 4d excitation and ionization
are shifted to lower energy. Second, for neutral dissociation processes, the heavier phenyl group
results in the slower separation of the two fragments along the dissociation coordinate. As a result,

11,12,13

ultrafast dissociation is expected to be less important for C¢Hsl than for CHsl.



In what follows, we briefly describe the experimental apparatus and approach to the data analysis,
and follow this with a discussion of the results. As in our previous paper on CHsl, we focus

primarily on the lowest energy participator and spectator Auger processes.

II. EXPERIMENT

The experiments were performed at the PLEIADES undulator beamline of the Synchrotron
SOLEIL following the approach described in our recent paper on resonant Auger processes near
the I 4d edge of CHsl. The details of the undulator, beamline, and end station have been described

previously,'* and only a few relevant details are discussed here.

Vapor from a room temperature sample of iodobenzene was introduced through a leak valve into
a differentially pumped gas cell. All of the spectra were recorded within a small range of photon
energies (50 — 60 eV), and the photon energy was calibrated by using the spectrum of atomic Ne
in the same energy range.'®® The electron kinetic energies were calibrated by using the known
energies of features within the C¢HsI” X 2B1 <— C¢HsI X 'A1 band.}” The photon energy resolution
and electron energy resolution were determined to be ~ 0.007 eV and 0.047 eV, respectively, and
the calibration of the photon energies and electron kinetic energies is accurate to better than + 5
meV and £10 meV, respectively. The transmission of the electron spectrometer is relatively
independent of electron kinetic energies over the range of interest, and the intensities were not

corrected for any such dependence.

Photoelectron spectra were recorded for both the parallel (0°) or perpendicular (90°) geometry of

the linearly polarized light relative to the detection axis of the electron spectrometer. The well-

known formula:18-19-20

da_ o

0= an [1+ BP,(cosh)] , (D



gives the angular distribution of the photoelectrons in the electric dipole approximation. Here, ¢
is the angle-integrated cross section, A is the angular distribution parameter, P2(cos#) = (3cos*8 -
1)/2, and @ is the angle between the polarization axis of the light and the detection axis of the
electron spectrometer. The electron intensities at 0° and 90° can be used to derive the value of S
using:?

_ 2o = Iso)

o+ 2Iy) @)

and the total cross section ("magic-angle" photoelectron spectrum) is proportional to:

Iy + 21
oo ot 2leo) (3)
3
For the photoelectron angular distributions, the electron signals at 0° and 90° were scaled by using
an average value of the relative photon fluxes for the two undulator polarizations. The resulting f

values for the first six valence bands at photon energies around 50 eV are in reasonable agreement

with the values reported previously by Holland et al.!’

Molecular orbitals for ground state neutral iodobenzene were obtained at the M062X/MidiX level

of theory using Gaussian162? and visualized using the Avogadro software package.?>?*

I11. RESULTS AND DISCUSSION

Figure 1 shows the photoelectron spectrum of iodobenzene in the region of the I 4d! thresholds at
a photon energy of 120 eV and 6= 0°. The two peaks correspond to transitions to the CeHsI" (I
4d™") ?Ds» and D3 thresholds, yielding values of 56.49 = 0.010 and 58.203 + 0.010 eV,
respectively. In the ligand field of the molecule, the I 4d™!' 2Ds/2 and ?D3/2 peaks split into three and
two components, respectively, but these splittings are not resolved in the present experiments. The

observed values are ~0.2 eV lower than the corresponding values for CH31.%
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Figure 1. The photoelectron spectrum of iodobenzene
in the region of the I 4d threshold, recorded at a
photon energy of 120 eV by using linearly polarized
lieht with = 0°.
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Figure 2. The Auger electron spectra of iodobenzene
following 4d ionization at a photon energy of 137.5
eV for 6= 0° and 90°. The S angular distribution
parameter calculated using Equation 2 is also shown,
where the error bars from counting statistics
correspond to less than £0.03. Background levels have
been added to highlight the signal at points 1 and 2.

Figure 2 shows the normal Auger
spectrum of Ce¢HsI" taken following
photoionization at 137.5 eV for both
€= 0° and 90°. The electron energies
were calibrated using the Auger
electrons from Xe 4d' decay.?® The
energies of the numbered features are
given in Table 1, but a detailed
assignment of the spectrum is not
possible at this time. However, the
feature with the highest kinetic energy
should come from the decay of
CeHsI" (I 4d3n") at 58.203 eV, and
this feature provides an upper limit to
the CeHsl double photoionization
threshold to form CeHsI*". The first
numbered label in Figure 2
corresponds to the energy at which
the Auger electron signal rises
significantly above the background,
and yields an upper limit of the double
ionization threshold of (58.203 -
34.777 =) 23.426 eV. This value is

consistent with values reported for

CHsl, C3Hsl, and CsHsCHs.2’ Figure 2 also shows the Sparameter for the Auger electron spectrum.

The error bars on £ due to counting statistics alone are less than £0.03 throughout the range of

electron kinetic energies. The behavior of the S parameter is similar to that observed for 4d! Auger



Table 1. Auger-Electron Kinetic Energies Following
Ionization from the I 4d Shell of lodobenzene.

Peak # Energy (eV)®
1 34.777®)
2 34.240
3 32.896
4 32.188
5 30.497
6 29.061
7 28.292
8 27.279
9 25.437
10 23.861
11 22.017
12 18.840

(a) The uncertainty in the peak energies is £0.005 eV.

(b) The slow rise does not result in a distinct peak, but
the signal at this energy rises significantly above
the background.

decay in CHzI".?8 In particular,
the S value is small across the
lower range of Auger electron
energies, then rises
substantially at higher kinetic

energies.

The total ion yield scan of
iodobenzene in the region just
below the I (4d!) thresholds
is shown in Figure 3. The
yield has been corrected for
the photon flux, and the peak
positions and assignments are
given in Table 2. There is a
strong continuum signal
throughout this region due to
direct photoionization of the

valence shell, and the

resonant structures are only ~5 — 20% of the intensity of this continuum. The assignments have

been made by analogy with the methyl iodide spectrum,?® but the present spectrum is somewhat

less resolved. The energies of the CsHsI (I 4ds2")o* and (I 4d327")o* resonances are ~0.2 to 0.3

eV higher than the corresponding resonances in CHsl.

A. Participator Decay Processes

Figure 4 shows the photoelectron spectra of C¢HsI on and off the (I 4ds2™)o* resonance. The off-

resonance spectrum recorded at 49.966 eV is very similar to that recorded at 51.792 eV, midway
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Figure 3. The total ion yields from iodobenzene in the
region of the I 4d ionization threshold. The ion signal

has been corrected by the photon intensity to account

for the changing photon flux across this region.

Table 2. Transition Energies from the I 4d Shell

of lodobenzene.
Upper State Energy (eV)
(4dsi2 )™ 50.80
(4dz2Y)c™* 52.62
(4ds2)6pe + 6pas 54.41
(4ds2)5d 54.86
(4d321)6pe + 6pas 56.06
(4d32)5d 56.65
CeHsl (I 4dY) thresholds
| 2Dsy2 56.49 + 0.01
| 2Dss2 58.20 + 0.01

between the two (4d™')c* resonances.
At both energies, the contribution to
the electron spectrum from the
resonant processes is small. The
spectra look quite similar up to
electron binding energies of ~16 eV,
but at higher energies some new
features and differences begin to
appear. The iodobenzene resonances
excited below the I 4d™! threshold can
decay by participator and spectator
processes. While participator
processes access valence states of
CsHsI' down to the ground state
cation, spectator processes access
two-hole, one-particle excited states
that lie at somewhat higher energy.
By analogy with CH31,' the lowest
energy two-hole, one-particle states
of C¢Hsl are expected to lie ~10 — 11
eV below the double ionization
threshold, that is, at a binding energy
of ~12 eV or higher. Below this
energy, only participator processes
are energetically allowed, and we

consider this region first.
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Figure 4. Overview of the magic-angle photoelectron spectra and
electron angular distribution parameters following excitation on
and off the iodobenzene (I 4ds2')c* resonance at 50.797 eV and
49.966 eV, respectively. The magic angle spectra were
determined by using Equation 3, and were normalized on the
intensity of the A 2Az < X 'A origin band indicated with an
asterisk, *. The £ parameters were determined by using Equation
2, and the error bars due to counting statistics for the £ values are
typically +0.03.

Figure 5 shows an
expansion of the region of
the on- and off-resonance
spectra of the (I 4ds2")c*
resonance for binding
energies between 8.6 and
11.2 eV, which includes
the first four photoelectron
bands. The spectra have
been normalized to the
intensity of the A 2Az « X
A1 origin band, and
Figure 5 also shows the on
— off difference spectrum.

The choice of the A 2A»

<« X 'A1 band will be justified in more detail below, but normalizing to other features results in a

negative signal in the difference spectra for some of the bands. A non-zero signal in the latter

reflects an increase in intensity from participator decay, but as a result of the normalization,

participator decay to the vibrationless A 2A> state will not be observed. The very small negative

signals in the difference spectrum for some bands reflect a slight misregistration of the on- and

off-resonance signals. While the on-resonance spectrum does show small enhancements for some

of the bands, the overall shapes of the band envelopes remain unchanged. In particular, unlike

the corresponding spectra for CHsI,'? no significant features are observed that can be directly

associated with ionization as the C-I bond is stretching or breaking. This observation suggests

that the autoionization process occurs before any significant change in molecular geometry.
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Figure 5. The first four electronic bands of the magic-angle
photoelectron spectra of iodobenzene recorded on and off the
(I 4ds»™")o* resonance (50.797 eV and 50.197 eV,
respectively). The on — off difference spectrum is also shown,
where the two spectra have been normalized to the intensity
of the A ?Az «— X 'A; origin band. Also shown are the on- and
off-resonance f parameters, which have typical error bars

The spectra recorded at other
photon energies between 50
and 57 eV show similar
behavior for these four
bands, with relatively small
contributions from the
resonant participator
processes. Figure 5 does
imply a smaller enhancement
for the A 2A2 <— X 'A1 band
than for the other three
bands, and this behavior is
also observed at most of the

other photon energies

associated with the counting statistics of =0.03. . .
studied. Theoretical

calculations by Palmer et al.?® of the 3bi, 6b, and 2b: orbitals associated with the C¢HsI* X ?Bi,
B ?B», and C ?Bi states show significant electron density on the I atom, while the 1a2 orbital
associated with the A 2A> state has negligible electron density on the I atom. Thus, the lack of
enhancement of the A 2A band from participator decay is consistent with the localization of the
4d hole on the I atom, and the expectation that participator processes involving orbitals with
significant electron density on the I atom will be enhanced. Figure 5 also shows the on- and off-
resonance photoelectron angular distribution parameters. Note that these parameters can be
directly compared without any normalization. Figure 5 shows a clear increase in the on-
resonance [ values across the X 2B1, B ?Ba, and C ?B1 bands relative to the off-resonance values,
while no change in the B values are observed across the A Az band. This difference clearly

supports the conclusion that the participator processes involving the 1az orbital are significantly

10
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weaker than those
HOMO HOMO-1 HOMO-2 HOMO-3 HOMO-1 HOMO-5
g involving the 3b1, 6b2, and
J v ﬁ * 2bi orbitals, and justifies
b, 6b, 13, 2b, g, s, ~
s our use of the A ?Az band
HOMO-6 HCAMO-7 HOMO-3 HOMO-9 HOMO-10  HOMO-11 ) .
intensity for the
‘ “ * é normalization procedure.
1b, 78, ab, [ 3k, Se
HOMO-12 HOMO-13 HOMO-14  HOMO-15 HOMO-16  HOMC-17 The first 18 molecular
* & ﬁ s ‘ orbitals for neutral C¢Hsl
Any 2b; 32 1b, 28, 12, from our calculations are
Figure 6. Images of the molecular orbitals of neutral ground state | illustrated in Figure 6. The
iodobenzene.
results are consistent with

the results of Palmer et al.?’ for the first four orbitals. Note that, as in the earlier work, the
ordering of the HOMO-1 and HOMO-2 flips between the neutral and the ion so that, in the ion,
the 6b2 binding energy is higher than that of the 1a> orbital. A similar reordering of the orbitals
occurs for the HOMO-9 and HOMO-10.

Figure 7 shows the on- and off-resonance spectra for the C¢HsI (I 4ds2')o* resonance for
electron binding energies between 11 and 16 eV, along with the corresponding difference
spectrum. As in the lower binding energy spectra, there are only small differences between the
on- and off-resonance spectra, and the shapes of the bands do not change significantly. The
corresponding photoelectron angular distributions also show significantly smaller differences for
the on- and off-resonance cases. This observation suggests that the participator processes are
weaker for these bands than for the X ?B1, B 2Bz, and C 2B1 bands. The small differences between
the on- and off-resonance spectra in Figure 7 are all consistent with participator decay to single-
hole states of the ion, and there is no obvious evidence for spectator decay to two-hole one

particle states until above 15 eV in binding energy.

11
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= 1 X
% and the corresponding
Z 4000 -
g “ feature does show up
g Ry in the difference
spectrum in Figure 7.
0 -~
11 12 13 14 15 16
ELECTRON BINDING ENERGY {a¥) somewhat smaller, but
Figure 7. An expanded portion of the electron spectra and S still significant,

parameters plotted in Figure 4. The on — off difference spectrum
for the electrons is also shown, where the two spectra have been electron density on the
normalized to the intensity of the A 2A> < X 'A; origin band.
The H-n labels indicate the HOMO-n orbital for reference to I atom, but a
Figure 6. The peaks labeled with an asterisk are due to an H20

. . corresponding feature
impurity that was greater for the off-resonance spectrum. P 8

does not appear in the
difference spectrum. Indeed, the only other significant feature in the difference spectrum appears
at about the energy of the 2A1 HOMO-9 band. However, the 3 parameter for this feature
decreases relative to the S parameter in the off-resonance spectrum, while the f parameters for
all of the other participator processes increase on resonance. This observation suggests that the
feature appearing at ~15.5 eV is associated with a spectator, rather than participator, decay

process. This process is discussed in more detail in the next section.

B. Spectator Decay Processes

Figure 8 shows an expanded portion of the on-resonance CsHsI (I 4ds2")o* photoelectron
spectrum of Figure 4 for binding energies between 14.5 eV and 30 eV. The on- and off-resonance
data show significant differences across this region. The corresponding data for the CsHsI (I

4d3»")o* photoelectron spectrum are quite similar. For electron binding energies above 25 eV,

12
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the on-resonance electron spectrum increases considerably relative to the off-resonance data.

This effect is a result of the rapidly increasing density of electronic states of CsHsI**, and thus an

increasing density of the two-hole, one-particle states that can be populated by spectator decay.
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Figure 8. An expanded portion of the electron spectra and S
parameters plotted in Figure 4. The on — off difference spectrum
for the electrons is also shown, where the two spectra have been
normalized to the intensity of the A 2Az <— X 'A; origin band.

In Figure 8, the most
noticeable features in the
difference spectrum and
the angular distribution
parameters are observed
between 15 eV and 18 €V,
as was evident in Figure
7. In particular, the on-
resonance spectrum has
considerable electron
signal in the wings of the
A1 HOMO-11 feature,

and this produces a

relatively intense broad feature in the difference spectrum. The corresponding f parameter shows

a strong dip in the wings of this feature. As discussed above, the £ value for participator decay is

observed to increase relative to the off-resonance value, suggesting that this feature in Figure 8 is

due to a spectator process. The £ values at the minima in the lower and higher energy wing of the

2A1 HOMO-11 feature are 0.58 = 0.03 and 0.53 £ 0.03, respectively. Figure 2 shows that the

corresponding S values for true Auger decay of CéHsI" (I 4d™") to the lowest levels of CsHs

I** are

~0.25 — 0.50. Because spectator decay involves the Auger decay of the CsHsI" (4d™!) state, albeit

in the presence of a 6* electron spectator, the similarity of the £ values supports the assignment

as spectator decay.

13
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Figure 9. The on — off resonance magic-angle electron
spectra for a series of excitation energies across the
iodobenzene (I 4ds2™!)o* resonance, as shown in the
key. The magic-angle spectrum recorded at 49.966 eV
was used as the off-resonance spectrum. The y-scale of
each spectrum is offset from the one below it by 500
counts. The black lines are not fits, but are shown only
to guide the eye.

The on-resonance £ parameter in
Figure 8§ increases at the center of the
2A1 HOMO-11 band. This observation
suggests that participator decay is also
important in this region. Indeed, as
seen in Figure 6, the HOMO-11 does
show significant electron density on
the I atom. Note, however, that the
final state populated at this electron
binding energy by the participator and
spectator processes is not the same, as
the participator process is expected to
populate the single-hole, 2A1 HOMO-
11 state, while the spectator process is
expected to populate a two-hole, one-

particle state.

Figures 9 and 10 illustrate this in more
detail. These figures show the magic-
angle difference spectra as a function
of binding energy as the excitation

energy is stepped across the CeHsI (I

4dspo* and CeHsl (I 4d327')o* resonances, respectively, using the data at an excitation energy

0f'49.966 eV for the off-resonance spectrum. Between binding energies of 15 and 17 eV, each of

the spectra in Figure 9 shows a broad feature, which in some cases splits into two, or even three
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spectrum. The y-scale of each spectrum is offset from the one
below it by 800 counts. The black lines are not fits, but are
shown only to guide eye.
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partially resolved features.
One component (b) of this
feature appears to have a
relatively constant binding
energy of ~16.80 eV, while
the second component (c)
increases in energy with
increasing photon energy.
This behavior is repeated,
somewhat more clearly, for
the CeHsI (I 4d3n!)o*
resonance in Figure 10. The
constant energy feature (f),
at the energy of the off-
resonance A1 HOMO-11
feature, is produced by
participator decay, while the
photon-energy dependent
feature (g) is produced by
spectator decay to a two-
hole, one-particle state, most
likely with a (CeHsI*")o*

configuration. As discussed

for CHsl previously, the energy-dependence arises from autoionization from the repulsive wall of

the CeHsI (I 4d")o* state to the repulsive wall of the (CsHsI*")o*. If these two potential energy

surfaces were parallel, the electron kinetic energy would remain constant, and the effective

binding energy would increase linearly with increases in the photon energy. However, if the

15
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repulsive walls have different slopes, the effective binding energy will show a photon energy

dependence depending on the relative slopes. In the present case, the slope of this energy

dependence of the binding energy is positive, suggesting that the slope of the (CsHsI*")c*

surface is not as steep as that of the CsHsI (I 4d™!)o* surface.

Figures 9 and 10 show several additional peaks that have a positive photon energy dependence,

and that are assigned to spectator decay. Note that the number of relatively low-lying states of

CeHsI** grows quickly with increasing energy, resulting in a large number of possible

(CsHsI*")o* states.
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(electron binding energies) from Figures 9 and 10 at the photon
energies of the series of spectra. The binding energies as a
function of photon energy are fit by a linear function, with the
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Figure 11 shows the total
ion yield vs. photon energy,
along with the electron
binding energies of the
features observed in the
electron binding energy
spectra of Figures 9 and
10. The photon energy
dependence of each feature
1s fit to a linear function,
and the slope is indicated
in the figure. For most of
the features, the slope of

the energy dependence is

~1 or less, suggesting that the slope of the (CsHsI**)o* final state surface is not as steep as that of

the (I 4d"")o* surface. More detailed information on the (I 4d™!)o* and (CsHsI*")o* potential
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surfaces, along with information on the low-lying electronic states of C¢HsI*", is necessary to

make a detailed assignment of these features.

IV. CONCLUSIONS

We have presented new data on the resonant Auger decay of iodobenzene excited in the region
just below the 1 4d™! thresholds. This region includes the broad (I 4ds»2327')c* resonances, as well
as some sharper Rydberg state resonances. The o* resonances show evidence for both
participator and spectator Auger processes, and the electron angular distribution can be used with
the electron binding energy spectra to distinguish between these processes. We note that in the
present study, the on-resonance £ value increases for participator processes and decreases for
spectator processes. Although we do not have a rationalization for the increase in f for the
participator decay, the £ value for true Auger decay in Figure 2 is ~0.3, significantly lower than
the average off-resonance values. Thus, for a true spectator decay process, the f value would also

be expected to decrease from the off-resonance value, as is observed.

The iodobenzene results show both similarities and differences with the analogous results for
methyl iodide.?® While participator processes are important for both molecules, CH3I shows
significant signal associated with autoionization as the C-I bond in the resonant state is
stretching/breaking,'® while no such evidence is observed in iodobenzene. This observation may
result at least in part from the slower separation of fragments in the heavier system. Both systems
show considerable evidence for spectator decay processes that access the repulsive walls of two-
hole, one-particle final states. Such states with the lowest energy lie around 15 to 17 eV,
consistent with the similar double ionization energies of methyl iodide and iodobenzene.
Accurate theoretical calculations of the relevant electronic state surfaces for CsHsI, CéHsI', and
CeHsI?" are difficult, but would certainly be helpful in determining the detailed assignments and

character of the final states.
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