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The ionic fragmentation pattern of SO was measured as a function of laser power at
the 223-220 nm wavelength range. The time of flight (TOF) mass spectrum shows
essentially no parent ions. The principal ions observed were SO and mass 32. The
fraction of S ions increases monotonically with increasing laser power while the
fraction of SO+ which dominates at low powers reaches a maximum and falls below
that of S+. The fraction of both ions changes nonlinearly with the laser intensity and
tends to level off at the higher powers. The results are found consistent with a statistical
(maximum entropy) computation of the fragmentation pattern. By comparing the
observed (S +O)/SO branching ratio vs. laser power with the computed branching
ratio vs. energy uptake per parent molecule one obtains an energy uptake vs. laser
power curve. The results are discussed in terms of the possible dissociation/ionization
pathways.

Current address: " IBM, East Fishkill Facility, Route 52, Hopewell Junction, NY
12533. Intel Corporation, F1-231, 2601 Juliette Lane, Santa Clara, CA 95051.

239



240 M. ASSCHER et al.

1. INTRODUCTION

The purpose of this article is to report the ionic fragmentation pattern
in the multiphoton ionization of SO2 as a function of laser intensity
at a number of wavelengths in the 220 nm range. The observations
are used for comparison with the results of a fully statistical computa-
tion. Taken together, the two studies lead to a preliminary understand-
ing of the dissociation mechanism and to the suggestion of further
experiments which will probe specific open problems.
SO2 is a small molecule with a limited number of fragmentation

pathways. (The major states and their energetics are shown in Figure
1). One would therefore not expect a fully statistical theory to be
necessarily a useful approximation. The first indication that the purely
statistical results are a reasonable basis for comparison is the near
absence of the parent ion. In the computations what determines the
fraction of a given species is primarily the number of atoms of the
different elements and the heat of formation, cf. Eq. (1) below. Now

+ +SO2, SO+, and O2 are all similar in these respects and there is no
obvious reason discriminating against the parent ion. (This is as
opposed to larger molecules where the parent ion can be much larger
than the dominant fragment ions.) Yet the computational result is that
as soon as there is any extensive fragmentation the fraction of the
parent ion drops to very small values. There is only a very narrow
energy range where both fragment and parent ions are computed to
have significant fractions. Experimentally one indeed observes only
the fragment ions. One can argue that this is inevitable when using
220.4 nm photons, cf. Figure 1. Two such photons do not suffice to
ionize while three such photons contain enough energy to ionize the
molecules and to exceed the fragmentation threshold of the parent
molecular ion. Experiments at other excitation wavelengths that may
provide some complementary information on the dissociation mechan-
ism are discussed below.
At 220.4 nm and at the power range studied (up to 0.9 mJ/pulse)

the observed ionic fragmentation pattern is very simple. Essentially
only twof ions, SO+ and S+ are observed and the S+/SO+ branching
ratio increases monotonically with laser power to values slightly above
1. The computed fragmentation pattern requires one input from experi-

f The time of flight mass spectrum cannot resolve the S and 0" ions. Hence any
reference to "experimental" S ions means both S and 0.
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FIGURE Energetics in the multi-
photon ionization/fragmentation of
SO2o The zero of energy is chosen for
the thermodynamic convention (zero
for the elements at their standard
state). Shown are the energies access-
ible using photons at 248, 220.4 and
193 nm respectively.
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ment, the mean energy (E) absorbed per parent molecule. ((E)
increases with power since an increasing number of parent molecules
can absorb more than three 220.4 nm photons.) In the energy range
corresponding to a mean absorption of between 3 to 4 photons, the
computed fragmentation pattern is also essentially just SO+ and S/.
By comparing the computed S//SO/ ratio vs. (E) with the measured
ratio vs. laser energy per pulse we can extract an (E) vs. intensity
curve, Figure 2. The clear saturation of this curve as the mean number
of absorbed photons nears 4 is an important ingredient in our dis-
cussion of the mechanism.
SO2 is the first molecule for which the power dependence of (E)

could be nicely determined. Two factors contribute. One is the wide
range of laser power which was studied and the other s the simplicity
of the fragmentation pattern. In a more complex system where frag-
ment ions can also extensively absorb the laser light to different extents,
the different branching ratios may lead to different (E) vs. intensity
plots meaning that the fragmentation is not purely statistical and
selective absorption must be allowed. (As was done e.g. in Ref. 2.)
Several experiments have addressed the question of the SO2 photodis-
sociation mechanism following excimer laser excitations. Irradiating
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FIGURE 2 The mean energy uptake per parent molecule ((E), in eV) or the mean
number of absorbed photons ((n), at 220.4 nm) vs. the laser energy per pulse (J)
determined as discussed in Section 4.

SO2 at KrF laser wavelength of 248 nm at rather high laser fluences,
Wilson et al. observed fluorescence from both SO(B3-) and S(3S)
fragments. They concluded that both fragments originate from the
same highly excited SO2 Rydberg state. They were, however, unable
to determine the fragmentation pattern as a function of laser fluence.
Emission from the A(31"Ii) state was reported by a different group,
also after 248 nm irradiation.4 In other studies the internal states
distributions of the SO fragment and the translational energy of the
SO and O fragments were determined6 following an excitation at
193 nm (ArF laser).
Only few photoionization and photoelectron spectroscopy studies

of SO2 have been published to date. In a threshold photoelectron-
coincident study7 in which only those parent SO ions that contain
all the single photon energy above the ionization threshold (zero
electron kinetic energy) are detected, a fragmentation to SO+ and also
to S/ is reported as a function of photon energy in the 15.8-16.67 eV
range. In another study the single photon ionization efficiency data
for SO- is given at high resolution for a wide photon energy range.
Many autoionizing states were reported at several electronic excited
states of the SO ion. In these two studies, however, there is no
information about the photoelectron kinetic energy distribution. This
information is provided by a recent study9 in which the electron kinetic
energy is monitored, following the photoionization of SO2 by a 23.0 eV
photon energy. A distribution of electrons, emitted from three different
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electronic states, is observed, with kinetic energies of about 10.5 eV,
9.5 eV and 6.3 eV. Finally, a single multiphoton ionization study was
reported for SO2, prior to this paper, using photon energies in the
3.18-3.44 eV range. This study, however, was concerned with the MPI
spectrum only and did not detect ionic fragments.
The experimental details and the results are reported in Sections 2

and 3, respectively. Section 4 is a summary of the statistical computa-
tions. A discussion of the results is provided in Section 5.

2. EXPERIMENTAL

The results discussed below were obtained in a multiphoton ionization-
fragmentation experiment of sulfur dioxide molecules in a supersonic
molecular beam. The beam apparatus was described in detail else-
where. Briefly, a beam of SO2 molecules was generated by expansion
of the gas through a 75 Im nozzle with a backing pressure of 200 Torr.
Two stages of differential pumping using diffusion pumps preceded
the final collimator through which the beam of mm diameter entered
an ultra high vacuum chamber with a base pressure of 5 l0- Torr
with the beam off and 3. 10-9 Torr with the beam on. A mechanical
chopper in the source chamber provided l0 Hz pulses 5 ms wide,
which were synchronized with a UVtunable laser at the same repetition
rate. The laser was a commercial Nd:YAG pumped dye laser with a
wavelength extension unit which enabled tunable radiation in the
range of 223-220 nm. Pulse energies were up to 1.2 mJ, with pulse
duration of ca. 8 ns FWHM and spectral resolution of about 2 cm-.
The laser beam was focused with a 12.5 cm focal length suprasil lens
and intersected the mm diameter molecular beam at the focal point.
The positive ions that were generated via the multiphoton ionization
process were accelerated by a negative field along a 2.5 cm path onto
the cathode of a 20 stages Hamamatsu Cu-Be el6ctron multiplier
(EM) model R595, typically operated at a negative bias voltage of
2200-3000 V. The current output of the EM was displayed on an
oscilloscope and photographed. When multiphoton ionization excita-
tion spectra were taken within the wavelength range of223.0-220.0 nm,
the entire spectra taking process was computer controlled as was
described earlier. 11 Each point in the spectrum represents a digitized
EM current pulse which is normalized to the laser intensity and
averaged over 30 laser pulses prior to the display by the plotter.
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3. RESULTS

A typical display of the ions signal time of flight (TOF) is shown in
Figure 3. The lower panel is that of pure SO2. One can clearly see
two ion peaks separated by 225 ns flight time from the laser focus to
the EM cathode. The leftmost narrow peak is the small response of
the EM to the 223-220 nm scattered light of the laser and therefore
marks the ionization time. In order to have a relative calibration of
the mass of the ionized species which appear in the trace, we put NO
molecules in the source chamber of the molecular beam, changed the
laser wavelength to 225 nm in order to ionize the NO molecule,1 but
kept the accelerating and EM bias voltages the same. Since NO does
not dissociate under two photon ionization experiments, we could
calibrate the flight time of the sulfur dioxide ion fragments with the
known mass of the NO ions. The upper panel of Figure 3 is the ion
signal of NO+ By comparing the flight time of the two ion signals
from SO2 to that of NO it is clear that the parent SO ions are
completely absent and that the only ions which are detectable are the
SO+ and the S+ (and O-) ions. The first signal appears about s
after the laser pulse and it belongs to the S/ ion and the later, about

+1.2 s after the laser pulse, is the SO+ signal. The SO2 ion signal should
have appeared at flight time of 1430 ns, where there is no signal at all
(see Figure 3). At laser energies above 800 J/pulse, two very small
additional signals of lower masses, at shorter flight time, could be
observed. Due to signal-to-noise difficulties we can only tentatively

200,._,nsec
NO

Time

200_._,nsec
S02

FIGURE 3 Time of flight spectrum of ions in the multiphoton ionization of NO
(upper panel) and of SO2 (lower panel). Laser power for the lower panel is 450 J/pulse
at 220.4 nm. Time is in ns. The laser fires at the marker on the left.
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identify those as O+ and SO++ for the shorter and longer flight time
signals, respectively.
Next we observed the laser energy dependence of each of these SO2

daughter ions in the range of 40-900 iJ/pulse. In Figure 4 the SO+

(open circles) and S/ (triangles) signals are shown as a function of
the laser pulse energy. Experimentally we have collected the signal of
one of the fragments using gated electronics and vary the laser power
without changing any other experimental variable. Contribution to
the signal of one fragment from the other due to overlap between two
collection gates is estimated at ca. 5%. It is evident that the S/ ion
signal increases monotonically at increased laser powers while the
SO/ signal reaches a maximum around 250 iJ/pulse and decreases
below the S/ signal at pulse energies above 500 iJ/pulse. Both S/

and SO+ signals respond nonlinearly to the laser power, and display
saturation effects at the higher laser energies.

z
o

LASER ENERGY/Pulse (uJ)
FIGURE 4 Fraction of SO (circles) and (S++O") (triangles) ions vs. laser
energy/pulse (J) at 220.5 nm.
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The branching ratio between the signals of S+ to SO+ as measured
from the Polaroid prints, namely both signals are generated at exactly
identical conditions, is shown as a function of laser energy in Figure
5. The open circles connected with a solid line represent the experi-
mental observations, while the dashed line is a theoretical prediction
of the (S++O-)/SO+ ratio as a function of the average energy (in
eV) per parent SO- ion. The theoretical computation is discussed in
Section 4 below.

Finally, we scanned the laser in the range 223-220 nm while collect-
ing the ion signal from either the S/ or the SO/ separately. The
resulting excitation spectra were exactly identical and were also very
similar to the one photon12 and two photon3 absorption spectra of
SO2 at the t( B2) - .(Al) transition near 220 nm.

4. COMPUTATIONS

The fragmentation pattern in the extreme statistical limit was computed
as previously described. The thermochemical input is all from the
most recent literature values and the main points are noted in Figure
1. A complete set of data is available from us upon request.

In the statistical limit the number of molecules of species j, X,
resulting from the ionization/fragmentation of Xo parent ions is given
by Ref.

X XQ exp /kakj (|)
k=l

Here X is the computed number of fragments (including parent)

X=ZX (2)

The exponential term in (1) insures the conservation of elements and
of charge, a is the number of elements of type k, k 1,..., K, in a
molecule of species j. The K Lagrange multipliers y are determined
by the K conservation of elements conditions

Cg Z agX (3)

where Cg is the number of atoms of element k in Xo molecules of the
parent. For SO2, K 2. k K + is the conservation of charge condi-
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FIGURE 5 The (S +O-)/SO branching ratio (observed at 220.4 nm, circles. The
solid line is to guide the eye) vs. laser energy/pulse in IJ and the computed ratio
(dashed line) vs. (E) (in eV).

tion. It is also of the form (3) with akj the charge on species j. Ck is
the charge on Xo molecules of the parent ion.
The remaining factor in (1) is the partition function Qj

Qj Y’. g, exp (-fleu) (4)

Here eu is the energy of quantum level of species j (all energies
refer to the same reference for all species) and gi is the degeneracy
ofthe level. The "temperature-like" parameter/3 determines the energy
distribution in the fragments. It is related to the mean energy (E) per
parent molecule by the implicit equation

Here, as before, Xo is the number of parent molecules. (The results
for X scale linearly with Xo so its precise value matters not.) We
usually take Xo O0 but any other number will do, including unity.
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Ej is the mean energy per molecule of species j,

Ej eug, exp (- fieu)/ Q (6)

In practice, we vary/3 and for each value of fl compute Ej using (6)
and then (E), using (5). The results of such computations for SO-
are shown in Figures 5 and 6. For the benefit of the reader who wishes
to check our results and for the purpose of the discussion we show
in Figure 6 the two Lagrange multipliers 3’s and /o (k and 2) and
the fragmentation pattern over a somewhat wider range of (E) values.
Comparing the observed (S+ +O-)/SO+ branching ratio (measured

vs. laser power) with the theoretical one (computed vs. (E)), as shown
in Figure 5, we can determine the (E) vs. laser power curve shown in
Figure 2.

It is important, in the context of Figure 2, not to misinterpret the
meaning of (E). It is not an assumption nor a conclusion of the theory
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FIGURE 6 A computed breakdown curve for SO and the Lagrange multipliers for
O and S vs. (E) (in eV) over a wider energy range.
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that the laser pumps the parent molecules to a thermal distribution
of energies. What is assumed is that not all molecules of the parent
have absorbed the same number of photons. In the case of MPI/D
of SO2, some molecules have absorbed 3 (no ions are expected with
less than 3 whatever the mechanism is, cf. Figure 1). Other molecules
may have absorbed 4 photons per parent, etc. (E) or, equivalently,
(n) (the mean number of photons uptake per parent) is thus assumed
to be continuously variable. We consider this assumption to be self
evident. As also argued in Section 5, the experimental results for SO2
are consistent with this assumption.
What is a conclusion of the theory is that in the statistical limit the

distribution of energy in the fragments is thermal-like with a tem-
perature T given by/3 (kBT)- (kB is Boltzmann’s constant). Note
that even if the parent molecules have a sharp value for their energy,
the process ofunimolecular dissociation necessarily leads to a distribu-
tion of energy amongst the fragments. The conclusion that final distri-
bution is thermal-like (in the extreme statistical limit) cannot be used
to infer the distribution of energy in the laser pumped parent molecules
without bringing in additional assumptions.

5. DISCUSSION

The experimental results together with the energy level diagram of
Figure suggest at least two possible mechanisms for the observed
MPI/D of SO2. The first involves ionization ofthe parent SO2 molecule
following the absorption of three 220.4 nm photons. The energy level
reached is higher than the fragmentation threshold for SO, therefore
an immediate dissociation to SO+ + O and S/ + 02 can take place. The
rapid dissociation also explains the absence of any parent ion in the
TOF spectra even at the lowest laser powers. The weak point in this
mechanism is the necessity to assume a rather slow or no dissociation
at all. following absorption of the second photon (corresponding to
the H Rydberg state of SO2). The energy of two 220.4 nm photons is
11.24 eV which is about 5.56 eV above the dissociation limit of the
ground state 12,14 and only eV from the ionization potential, cf. Figure
1. Although the spectroscopy of SO2 is not known at this level,
extensive fragmentation was reported from lower levels such as the
3,4 and the 5,6 states.
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The second possible mechanism is based on the assumption (we
have no direct experimental evidence for it) that fragmentation at the
2 photons level does occur, leading to the formation of two neutral
fragments: SO +O and/or S + O2. Several electronic states combina-
tions are energetically accessible, e.g. SO(X,a,b,B)+O(ap);
So(xaE-)+O(1D, S) and in the second fragmentation channel
S(3p)+o2(x, a, b, c, A) and S(D, S)+O2(X 3X-). This fragmenta-
tion process need then be followed by the absorption of a third photon
which may ionize the SO(B 3X-) fragment if the transition probability
and the Franck-Condon factors are non negligible. This fragmentation
pathway however requires S+ ions to originate from either SO+ by the
absorption of a fourth photon or by direct ionization of the S atoms,
generated by the S / 02 fragmentation route. This ionization pathway
seems unfavourable due to the lack of resonant electronic states in S
and therefore the requirement of a non resonant two photon ionization
process, also with an overall of 4 photons. The need for 4 photons to
generate the S/ ions when dissociation to neutrals precedes ionization,
makes the observation of these ions at relatively low laser powers and
at higher probability than the SO/ ions at higher laser powers difficult
to understand.
The statistical theory presented here predicts copious formation of

S+ ions at low (E) or (n) values, cf. Figure 5. Also, the computations
show large amounts of the O2 molecular fragment, which is experi-
mentally unobservable, but it does lend support to the first (ioniza-
tion/fragmentation) mechanism, namely the SO S+ +O2 route. O+

ions appear in the computations only at higher values of (E), while
absorption by neutral fragment will generate S/ but also O/ following
the absorption of 4 photons. The experimental observation of a very
small O/ signal at high laser powers seems to support also the triatomic
parent ion fragmentation mechanism.

Further evidence ia support of the formation of parent molecular
ions is the excitation spectra, taken by monitoring either the SO/ or
the S+ ions. These structured spectra were identical and very similar
to the one photon absorption spectrum of SO2o12’13 This indicates (i)

t The computations conserve matter, Eq. (3). That is we consider such processes
which sum up to SO. That does not mean however that the molecule first ionizes and
then fragments. If it fragments first to S + 02 and then the S atom ionized, matter will
still be conserved. Also, because we conserve charge and the total charge is put equal
to the total number of SO2 molecules, we consider only the pathways, which form ions.
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that the first transition is the rate determining of the overall ioniza-
tion/fragmentation process and (ii) that most likely the two fragment
ions originate from the same parent ion. Otherwise one would expect
to observe a typical diatomic molecular transition structure (which
under the current experimental spectral resolution should be ob-
servable) superimposed on the SO2 one photon excitation spectra,
particularly when monitoring the S/ ion.
Our discussion so far of the possible ionization/fragmentation

mechanisms has excluded a very important channel of energy disposal
in any molecular ion. This is the kinetic energy that may be carried
by the emitted electron. Our multiphoton ionization experiments could
not provide any information about the electron energy, but the frag-
mentation pattern observed together with some single photon photo-
ionization data in the literature may help to understand the issue.

Similar qualitative as well as quantitative features are found in our
results when compared with those of the threshold photoelectron
(TPE)-coincident studies mentioned above.7 For example, the value
of the (S/ +O)/SO/ ratio of 0.1 at 16.3 eV is the same as we would
get if we extrapolated the average energy per parent molecule (E) in
Figure 5 to about 16.5 eV. Their photon energy dependence of this
ratio is very different from ours.7 The second important point is the
disappearance of parent SO- ions from their TOF spectra7 at photon
energies above 16.6 eV. (This proves that ionization can produce slow
electrons, but does not exclude the possibility that fast electrons can
also be present). As discussed above, we could not observe any parent

+SO2 ions in our TOF spectra. Using the TPE-coincident data, our
results are not surprising since the minimum energy, provided by three
photons of 220.4 nm is 16.88 eV. This similarity may indicate that in
the multiphoton ionization of SO2 and within the photon energy range
of our study, one preferentially populates states which result in near
zero electron kinetic energies. Such states may, for example, be preion-

+izing ones, which were reported to exist in SO2 in this energy range,
It was shown in other molecules, like H2S, that following the popula-
tion of preionizing states by a multiphoton process, very low kinetic
energy electrons were preferentially emitted, although a smaller num-
ber of electrons with kinetic energy up to the maximum available by
the photons’ energy were observed as well. It should be stressed that
the emission of high energy electrons from low binding energy elec-
tronic states in SO/

2, such as the 2B2, 2At and 2Bt, as was observed
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following the ionization of SO2 by a single 23.0 eV photon,9 should
be accompanied by ground state parent molecular ions. The absence
of SO- from the TOF spectra implies that the probability that the
electrons will carry large portions of the available energy is very low,
as is predicted for a fully statistical system.
The experimental results ofthis study and the statistical computation

suggest that using 223-220 nm photons, the dominant ionization/frag-
mentation pathway is via the parent molecular ion, namely
SO(/2A) SO+(X 2I-[)+O(3p) and S+(4S3/E)/O2(X 3), follow-
ing the absorption of between 3 to 4 photons, depending on the laser
power. This conclusion, however, is likely to be wavelength dependent.
As an example, by using 193 nm photons from an ArF excimer laser,
the overall fragmentation pattern may be very different. Here the first
photon reaches a highly predissociative state 5’6’2 with an estimated
rate constant for dissociation of the order of l0 s-.6a The second
photon will either excite the SO fragment or ionize the parent SO2,
but will not suffice to dissociate the SO (cf. Figure 1). The parent
ion in such an experiment is likely to appear in the TOF, at least at
low to moderate laser powers.

In order to measure directly the relative weight of the mechanism
involving dissociation to two neutrals, one may set up a photon
collection optics to monitor a possible fluorescence from the SO(B3-)
state, following the excitation by two 220.4 nm photons. As a function
of laser power, such fluorescence, if observed, may provide a useful
information on the role of this pathway.

Finally, by constructing a two colour experiment in which one laser
at low power will be fixed at, say, 220.4 nm (09) and the second laser
(092) at various power levels will be tuned at the photon energy range
that will ionize SO2 and also SO by a third photon (e.g. a 209 + 092

process), but will not be energetic enough to form the S+ ions, namely
in the 255-248 nm range. The 0.2 eV difference in energy between the
two fragmentation channels may then provide an indication to what
extent the statistical, average energy approach of the computation that
led to Figure 6, is sensitive to the spectroscopic and thermochemical
details of the molecule. In other words, whether the S+/ O2 channel
will be opened only if the second laser photons are high enough in
energy, regardless of laser power, or if this channel will be accessible
at higher laser powers even with 09E photons that are too low in energy
to allow the S+ /O2 channel. The results from such a study may
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provide a better insight as to the "size" of small molecules for which
a purely statistical approach, as applied here, is accurate.
The two colour experiment will allow also to probe directly, by

means of laser induced fluorescence (LIF) for example, the SO radical
due to the possible SO2 fragmentation and thus provide a measure of
the relative weight of the two ionization/fragmentation mechanisms
discussed above.
The saturation evident in the ratio S+/SO/ as a function of laser

power or in the (E) vs. laser energy in Figure 2 may be divided into
two phenomena. As seen in Figure 4 the S/ signal approaches satur-
ation at laser energies above 600 iJ/pulse while the SO/ reaches a
maximum and from there decreases to an asymptotic value slightly
lower than that of S/. The saturation in the S/ and SO/ signals seems
to originate from a depletion of the ground state SO2 molecules from
the excitation volume. The resonant transition (( B2) - ."(Al) may
easily be saturated at the laser intensity range of this study, however,
fast transitions of the second and third photons that lead to ioniza-
tion/fragmentation compete effectively with the stimulated emission.
Thus a depletion of the excitation volume results, leading to a satur-
ation-like power dependence of the ion signals.
The saturation in the (S/ + O)/SO/ ratio, or in the energy absorbed

per parent SO2 molecule, is consistent with a mechanism which pre-
cludes the absorption of a fifth photon. This may be the case with the

+SO2 ions after absorbing four photons due to a dissociation which is
too rapid to allow any further absorption. The SO/ fragments formed
this way, or through the neutrals fragmentation pathway are believed
to be transparent at the 220.4 nm photon energy,5 within the power
range of this study. As is evident from Figure 6, however, a further
increase in the laser power is expected to lead to a more extensive
fragmentation forming O/ or S/ ions accompanied by O+O atoms,
provided at these high laser powers, new non linear absorption pro-
cesses in the SO/ ion will be opened. This will enable the system to
absorb energy beyond the saturation limit (-(E) 22 eV) observed at
the maximum laser power (0.9 mJ/pulse) employed in this study.
This is expected to manifest itself experimentally by the increase of
the S//SO/ ratio. Thus the curve in Figure 2 of (E) vs. laser energy
is expected to start increasing once again at higher laser powers. This
second increase in the (E) is believed to be amenable to experimental
observations at currently available power levels.
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In the experiment, the absence of parent ion precludes assigning
the excited states of SO- which are accessed. The computation con-
eludes that the dissociation is primarily from a vibrationally excited
ground electronic state of SO.

It would clearly be very useful if the distribution of electron kinetic
energies upon multiphoton ionization6 could be measured for SO2.
Such a measurement would resolve the, at present, conflicting findings
on the one photon8 and multiphoton ionization-dissociation of SO2.
The issue is whether in MPI (at 220 nm) the formation of SO- ions
accompanied by slow electrons dominate or whether dissociation to
neutral fragments precedes ionization.

6. CONCLUSION

This study reported experimental results for the multiphoton ioniza-

tion/fragmentation of SO2 at the wavelength range of 223-220 nm, by
means of TOF spectroscopy. Only two masses are detected, e.g. mass
48 and mass 32, at all the laser power range employed. The fragmenta-
tion ratio as a function of laser power was analyzed in terms of a
purely statistical model which predicts the ionization/fragmentation
pattern as a function of an average energy (E) absorbed by the parent
SO ion. A correlation curve between (E) and the laser power could
thus be obtained.
Two ionization/fragmentation mechanisms were discussed: (i)

ionization of the parent molecule--SO followed by fragmentation
to SO+ / O and S+ + 02; (ii) fragmentation ofthe neutral SO2 to SO / O
(after 2 photon absorption) followed by further absorption and ion-
ization to SO+ and subsequently with a fourth photon dissociation to
form S++O+ O. The first mechanism seems to agree better with both
the experimental and computational data. Further experiments are
suggested to scrutinize the ionization/fragmentation mechanism of
SO2 as a function of both laser frequency and power. The success of
the statistical analysis suggests that even small molecules like SO2 may
be amenable to the statistical description provided high enough energy
is pumped into the system.
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