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Abstract

The dynamics of dissociative photodetachment in O; -(H,0) were studied using the technique of fast-beam photofrag-
ment translational spectroscopy. The kinetic energy and angular distributions of the neutral molecules produced by
dissociative photodetachment (O - (H,0) + hv — O, + H,0 + ¢~ ) were recorded at 523.6, 349.0 and 261.8 nm. Dissocia-
tive photodetachment is observed to occur at all of these wavelengths with nearly identical kinetic energy release. The
product angular distributions from dissociative photodetachment are slightly anisotropic and exhibit a small wavelength
dependence. These results suggest that dissociative photodetachment of O, -(H,0) occurs via Franck—Condon excitation to
a weakly repulsive region of the O, - (H,0) potential energy surface.

1. Introduction

Due to low bond energies and electron affinities a
wide variety of processes can contribute to the
photochemistry of weakly bound cluster anions. One
of these processes is dissociative photodetachment
(DPD), in which a free electron and two (or more)
neutral fragments are produced by photon absorp-
tion. Although the photodetachment of cluster anions
has been extensively studied using photoelectron
spectroscopy [1-3], the dynamics of DPD has re-
ceived little attention. We have recently applied
photofragment translational spectroscopy to measur-
ing the kinetic energy and angular distributions of
the molecular products from DPD [4,5]. In the pre-
sent work, we extend these studies to measure the
dynamics of DPD in the O; :(H,0) cluster.

Our previous studies of the tetroxide ion, Of,
revealed large translational energy releases (E; > 0.4
eV) and a strong wavelength dependence in the
dynamics of DPD, (O, + hv > 0, + 0, +¢7) [4,5].

This observation showed that photodetachment of
O, leaves the nascent O, molecules in a very
repulsive region of the neutral potential energy sur-
face. This illustrates that the bonding interaction in
O, , which may involve either electron delocalization
or resonant charge transfer between the two O,
moieties 6], leads to significant rearrangement of the
nuclear configuration over that expected in the (O,),
van der Waals dimer. The bonding in the prototypi-
cal superoxide—water cluster, O; -(H,0), is thought
to be dominated by electrostatic interactions [7].
Thus, a study of the translational energy release in
the DPD of O;-(H,0) may reveal an alternative
limit for the dynamics of DPD from that observed in
the case of O;. In the work reported here, it is found
that O3 -(H,O) exhibits small translational energy
release and little wavelength dependence in the dy-
namics of DPD. In the following paragraphs, previ-
ous work on the photochemistry of O;-(H,0) is
reviewed, followed a description of the experimental
techniques and the results of this study.
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Fig. 1. Energy level diagram for O;-(H,0). The left column
gives the minimum energy required for photodissociation of O
-(H,0) into the specified products. The right column gives the
minimum energy required for dissociative photodetachment
(DPD), assuming the production of zero kinetic energy electrons.

The photodestruction processes of O -(H,0)
were investigated in a series of measurements in the
1970s [8—11]. In the wavelength range from 250-850
nm, an unstructured total photodestruction cross-sec-
tion was observed. This cross-section appeared to be
similar to the photodetachment cross section of O,
except for a shift to shorter wavelengths. The simi-
larity in cross-sections led to the suggestion that the
predominant pathway for photodestruction was dis-
sociative photodetachment [10}:

O; - (H,0) > 0, +H,0+e". (n

This assignment seemed plausible since dissocia-
tive photodetachment was known to be energetically
accessible for the wavelengths at which photo-
destruction was observed. The bond energy of O,
-(H,0) relative to O; + H,O had been previously
measured to be 0.78 eV [12,13], and the electron
affinity (0.451 eV) of O; was known [14], yielding
an energetic threshold for dissociative photodetach-
ment of 1.23 eV (see Fig. 1). This threshold is ~ 0.6
eV lower in energy than the measured threshold for
photodestruction (~ 1.8 eV) [9].

Collision-induced dissociation, photodetachment
and photodissociation of O3 -(H,0) have since been
investigated by Johnson and co-workers [15]. The

only ionic product observed in collision-induced dis-
sociation was O . This result suggests that the extra
electron is localized on the O, species. The photo-
electron spectrum of O; -(H,0) at 355 nm revealed
two broad overlapping features similar in shape to
the envelopes correlated with photodetachment of
bare O; into both the X’S; and a'4, vibrational
manifolds of O,. Moreover, the photoelectron angu-
lar distribution for each feature was similar to the
angular distributions from the photodetachment of
bare O; into these electronic states. Johnson and
co-workers also observed ionic photodissociation
products from O -(H,0), but only at wavelengths
<266 nm. The photodissociation products are
thought to originate from excitation of the known
dissociative A217u<—XZITg transition of O; [16].
This work was later extended to study the photodis-
sociation of larger clusters, O; -(H,0), (n < 33) in
which the analog of the O; (A’Il, « XZHg) transi-
tion persists [17]. The similarity of both the photo-
electron spectrum and photodissociation threshold to
O; experimentally suggests that bonding in the O,
-(H,0) anion is chiefly an ion—dipole interaction,
leaving O, intact.

Johnson and co-workers made further observa-
tions, however, that suggest O; -(H,0) cannot be
completely described as an ion—dipole bound species
[15]. The maximum intensity in the photoelectron
spectrum (i.e. vertical detachment energy) of OF
-(H,0) is shifted by more than the dissociation
energy of the ionic complex relative to the photo-
electron spectrum of O, . This implies that the ge-
ometries of the O, and H,O moieties in the com-
plex are not the same as the isolated species. Addi-
tionally, some of the observed photodissociation
products could only be accounted for by the activa-
tion of further intra-complex reactions involving both
the O~ and O fragments from the analog of the
A « X transition of O; [15].

0; -(H,0) has been the subject of several ab
initio calculations. These theoretical investigations
have given results in reasonable agreement with the
experimental thermochemistry [13]). The structure of
the anion, however, is less well-defined. Ohta and
Morokuma [18] have carried out spin-unrestricted
Hartree-Fock (UHF) calculations with a 3-21G~
basis set, indicating several low-lying planar C,
structures, all within = 0.1 eV of each other. Curtiss
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et. al [7] performed UHF (MP3/6-31G*) calcula-
tions and found both singly and doubly hydrogen-
bonded minima on the O; -(H,0) potential energy
surface. Lee and Dyke [19] extended this work with
both larger basis sets and higher-level perturbation
theory and found the planar doubly hydrogen-bonded
C,, structure to be the minimum. The energy differ-
ences between the different isomers are small, how-
ever, so the potential energy surface of O; -(H,0) is
relatively flat near the equilibrium geometry.

2. Experimental

The experiment uses coincidence-based transla-
tional energy spectroscopy in a fast-ion beam.
Mass-selected O; -(H,0) anions are intersected with
a laser pulse and the resulting photofragments are
measured by a two-particle time- and position-sensi-
tive detector. The spectrometer can efficiently detect
both molecular fragments, either neutral or ionic,
from a binary dissociative event in coincidence. The
measured times and positions of coincident frag-
ments allow the direct calculation of fragment mass
ratio, translational energy release, and recoil angle
for each detected event [20,21]. This apparatus has
been described in detail [22] and is only briefly
reviewed here.

The anion source and ion-beam line are similar to
that employed by Neumark and co-workers to study
the photodissociation of free radicals [21]. O; - (H,0)
is formed by crossing a pulsed supersonic expansion
of O, and trace amounts of water vapor with a 1 keV
electron beam [23). The anions are skimmed, accel-
erated to 2-4 keV, and mass-selected by time-of-
flight. Anions arrive at the laser interaction region in
mass-selected packets ~ 20-50 ns wide.

The O; -(H,0) anions are intersected at a right
angle with a linearly polarized laser puise from the
second (523.6 nm, 2.37 eV), third (349.0 nm, 3.55
eV), or fourth (261.8 nm, 4.74 eV) harmonic of a
diode-pumped Nd:YLF laser (Spectra Physics TFR).
The laser pulse is 6 ns full-width-at-half-maximum
with energies of 200 xJ at 523.6 nm or 20-30 wJ at
either of the ultraviolet wavelengths. The pulse is
focused to a ~ 0.5 mm spot at the point of intersec-
tion with the ~ 1.0 mm diameter ion beam. The

experiment was performed at a repetition rate of 500
Hz.

Molecular photofragments from the ion—laser in-
teraction traverse a 96 cm flight path to a 40 mm
diameter microchannel-plate (MCP) detector. The
detector employs a split wedge-and-strip anode to
record the time and position of incidence of both
photofragments from a single dissociation [21]. The
face of the detector is fixed at ground potential to
allow measurement of both ionic and neutral frag-
ments. The high velocity of the parent anion kine-
matically constrains the photofragment trajectories to
a narrow cone directed at the detector while also
providing for high detection efficiency by the MCPs.
A 7 mm-wide horizontal beam stop is centered on
the ion-beam axis to prevent undissociated ions and
neutrals from striking the front of the MCPs.

The time and position-of-arrival of the fragments
are recorded individually by the two-particle anode.
False coincidences are discarded with high efficiency
by applying momentum conservation to calculate the
apparent center-of-mass. This must be done for all
possible chemically distinct product channels. Events
are rejected if the apparent center-of-mass of the two
fragments at the detector is located outside an =2
mm® volume defined by the projection of the laser/
ion beam interaction volume onto the detector. For a
system with asymmetric kinematics like O3 -(H,0),
this technique provides a modest mass resolution of
m/Am = 8. Fragment pairs may be recorded using
two different acquisition modes, where either ionic
and neutral products or only neutral products are
detected. An electrostatic field, located after the’
ion-laser interaction region, can be used to deflect
residual ions and ionic fragments out of the beam.
By enforcing the coincidence requirement, any events
which produce ionic products are removed from data
sets recorded with the deflector in use. If the deflec-
tion field is off, both neutral-neutral and anion—neu-
tral fragment pairs are detectable in coincidence. No
differences were observed between the data taken in
these two modes in this experiment, leading to the
conclusion that the dominant photodestruction path-
way for O; -(H,O) is dissociative photodetachment.

Due to the measurement of both time and position
of arrival, the data contain a three-dimensional record
of each dissociation event [20,21]). This allows corre-
lated translational energy and recoil angle distribu-
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tions to be calculated as discussed below. The disso-
ciation events are histogrammed in translational en-
ergy and angular distributions N(E.) and N(6), and
other distributions as required. The observed transla-
tional energy and angular distributions are altered,
however, due to the geometry of the apparatus. Both
the beam-stop and finite size of the detector prevent
certain product translational energy and recoil angles
from being detected in coincidence. In the O; -(H,0)
experiment, products at low translational energy re-
lease are not detected efficiently due to the larger
solid angle subtended by the beam-stop in the center-
of-mass frame at low energies. Since the goal of the
experiment is to determine the true center-of-mass
translational energy and angular distributions, the
experimental results must be adjusted to account for
the limited detector acceptance.

3. Data analysis

The data is numerically corrected for the finite
detector acceptance using a straightforward numeri-
cal procedure [21,22]. This involves calculating the
fraction of events which can be detected in coinci-
dence as a function of center-of-mass (c.m.) transla-
tional energy, E; and polar c.m. scattering angle, 8,
given the finite laboratory angular acceptance of the
detector. The raw data is then divided by this detec-
tor acceptance function, to yield the acceptance cor-
rected c.m. translational energy and angular distribu-
tion P(E;,6). The P(E;,0) is then interpreted us-
ing a least-squares fit to the standard electric dipole
model [24-26]. The model describes the c.m. transla-
tional energy and angular distributions in a separable
approximation as

P(E;.0) =P(Ep)[1+B(Er)Pycosd)].  (2)

Here, P,(cos@) is the second Legendre polyno-
mial in cos#, and 6 is the angle between the frag-
ment recoil direction and the electric vector of the
laser. B(E;) is the energy-dependent anisotropy pa-
rameter describing the angular distribution and
P(E;) is the center-of-mass translational energy dis-
tribution. B(E;) in this formula can range between
the ‘parallel’ ( 8= 2, or cos’d) and *perpendicular’
(B= —1, or sin’) limits [24].

The quality of the extracted P(E;) and B(E;)
can be examined using forward convolution tech-
nigues to simulate the experimental results. Two
forward convolution methods are used, a Monte
Carlo and a grid-based method. Using the Monte
Carlo method [22,27], simulated data is generated by
averaging P(E;) and B(E;) over all of the impor-
tant apparatus parameters: ion beam size, velocity
and divergence; laser beam spot-size; detector geom-
etry; and time and position resolution of the detector.
These experimental distributions are importance-
sampled and the simulated data is recorded event-
by-event. The simulated data is then processed and
histogrammed by the same code used to analyze the
experimental data. In the grid-based technique, the
detector acceptance function D(E;,6,¢) is calcu-
lated, where ¢ is the azimuthal angle about the laser
electric vector. This function provides the fraction of
events that are detectable for a given center-of-mass
translational energy release and recoil direction based
on the apparatus geometry, ion beam velocity, and
fragment mass ratio. The detector acceptance func-
tion is then multiplied by P(E;,6) to obtain the
simulated data function S(E;,6,¢):

S( ET ’0’¢)

=D(E;,0,¢) - P(Er)[1 + B(Er)Py(cost)],
(3)

which contains the acceptance-weighted intensity for
all energy and angle space. Each bin in S(E;,6,¢) is
characterized by a center-of-mass fragment recoil
velocity vector of specific length and direction rela-
tive to the electric vector of the laser. The known
polarization angle of the laser in the laboratory coor-
dinate frame provides a connection between these
vectors and the ion-beam velocity vector. This rela-
tion is used to calculate the simulated detector posi-
tions, fragment radial separation, times-of-flight, etc.,
for each bin in S(E;,0,¢). Histograms of each
simulated distribution are constructed by adding the
weight of each contributing bin in S(E;,0,¢). The
advantage of the grid-based method is that high-sig-
nal-to-noise simulations are obtained rapidly. The
Monte Carlo method has the advantage of providing
a more accurate simulation of the experiment by
including additional sources of experimental broad-
ening.
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4. Results

Raw translational energy release spectra are pre-
sented in Fig. 2 from the photodestruction of O
-(H,0) at 523.6, 349.0, and 261.8 nm. The spectra
in this figure consist of approximately 15,000-20,000
coincident neutral-neutral pairs taken at a beam
energy of 2.5 keV with the laser polarized along the
ion beam direction. At each wavelength, dissociative
photodetachment (Eqn. 1) was observed. No evi-
dence was seen for ionic products, although ion
photodissociation has been observed by Johnson and
co-workers at wavelengths shorter than 266 nm [15].
Since the quantum yield for photodissociation of
bare O; is only 3% of that for photodetachment in
this wavelength region [28], the ion photodissocia-
tion signal is apparently obscured by the dominant
dissociative photodetachment process in our mea-
surement.

The data for the three wavelengths are nearly
identical and are characterized by a very low transla-
tional energy release (peak E; ~ 0.14 eV). The simi-
larity among the spectra implies that the translational
energy release is independent of the final electronic
and vibrational state of the products. Photoelectron
spectra of O -(H,0O) taken by Johnson and co-
workers [15] at 355 nm reveal that excitation is
occurring to the vibrational manifolds of both O,
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Fig. 2. Raw translational energy release spectra (N(E;)) and
Monte Carlo simulations of the dissociative photodetachment of
05 -(H,0). The simulations (solid lines) and experimental data
(points) are presented for 523.6, 349.0 and 261.8 nm as labelled.
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Fig. 3. P(Ey) and B(£;) distributions for O3 -(H,0). In the top
frame, the forward convolution P(E;) is shown as squares with a
dashed line, the detector-acceptance-corrected P(Eq) is shown as
a solid line with + 20 error bars, and the raw translational energy
release spectrum is shown as triangles. These correspond to the
results at 349.0 nm, and they are plotted on a common scale to
illustrate the effects of the detector acceptance. In the bottom
frame, B(E;) for all three wavelengths are plotted. Data at 523.6
nm (solid line), 349.0 nm (dotted line), and 261.8 nm (dashed
line) show that the angular distribution changes with wavelength.
For reasons of clarity, only the error bars (+2¢) for 523.6 nm
are shown in the lower frame.

(X3E ) and (a'4,). Due to the blue-shifted electron
bmdmg energy m 0, -(H,0), only X E should be
produced at 523.6 nm, while X3E 'A and b'Z;
are accessible at 261.8 nm.

After correcting for detector acceptance, the data
at each wavelength is least-squares-fit to extract
P(E;) and B(E;). The extracted P(E;) and B(E;)
are usually reported without alteration; this proce-
dure was followed for the O, data previously pre-
sented [4,5). Unfortunately, the fitting algorithm has
difficulty with the low translational energy range due
to the limited angular acceptance imposed by the
detector beam-stop. In these experiments, no events
with E; < 0.040 eV were detectable. Unlike O, , a
large portion of the data for O; -(H,O) falls in this
energy range E; < 0.15 eV. The shortcoming of the
fit was evident in forward-convolution simulations of
the experiment performed using the fit P(E;) and
B(E) as inputs.

The fitting problem can be overcome by using the
forward convolution approach to improve the P(E;)
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and B(E,) by direct comparison to the experimental
results. Since a three-dimensional record of each
dissociation event is available, the data inherently
provide other experimental distributions for compari-
son, such as time-of-flight, laboratory angles, and
radial separation of the fragments. The grid-based
technique is used to simulate these other distribu-
tions as well as the laboratory translational energy
and angular distribution, while B(E;) and P(E;)
are adjusted to obtain an improved fit. The grid-based
technique was chosen due to the reduced fitting time.
Once a good fit was achieved, a single Monte Carlo
simulation is run for verification.

The P(E;) distibutions for the three wave-
lengths are indistinguishable within experimental er-
ror, as expected from the similarity of the raw trans-
lational energy spectra. The forward-convolution
P(ET), the raw detector-acceptance-corrected
P(E;), and the raw translational energy release spec-
trum recorded at 349.0 nm are shown on a common
scale in the top frame of Fig. 3. The difference
between the P(E;)’s and the raw data illustrates the
large effect of the detector acceptance on the relative
intensity of the measured spectrum at low transla-
tional energy releases. The difference between the
adjusted and unaltered B(E;) and P(E;) is an
increase in the forward-convolution-fit P(E;) at en-
ergies E; <0.15 eV, as shown in Fig. 3. The P(E;)
peak (0.11 eV) shifts down from the observed peak
E;=0.14 eV in the raw data.

In contrast to P(E;), the B(E;) distributions for
the three wavelengths show a greater variation.
B(E,;) is shown for 523.6, 349.0 and 261.8 nm in
the lower frame of Fig. 3. At 523.6 nm, the angular
distribution is characterized by B~ 0.5 throughout
the observed energy range. B is less parallel (~ 0.3)
at 349.0 nm and the data at 261.8 nm is nearly
isotropic (B8~ 0.0). The B(E;) reveal no statisti-
cally significant variation as a function of transla-
tional energy release.

The quality of the final forward convolution
P(E;) and B(E;) distributions is illustrated in Figs.
2 and 4. In these figures, Monte Carlo simulations of
the raw translational energy release spectra and cen-
ter-of-mass angular distributions are shown, respec-
tively. In these simulations the P(E;) and B(E;)
distributions are used as inputs to the Monte Carlo
simulation. Good agreement with the data is ob-
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Fig. 4. Monte Carlo simulations of the fragment angular distribu-
tion N(8) relative to the electric vector of the laser at 523.6,

349.0 and 261.8 nm as labelled. Simulations are shown as solid
lines and the raw angular distributions as points.

served. The change in the angular distribution of the
fragments as a function of wavelength can also be
seen in Fig. 4. The angular distribution for the 523.6
nm data (8= 0.5) is somewhat broader than the
261.8 nm data ( 8= 0.0), as expected in this case
with the electric vector of the laser beam linearly
polarized along the ion beam direction.

5. Discussion

The P(E;) distributions measured from the disso-
ciative photodetachment of O3 -(H,0) indicate that
product internal and translational energies are nearly
independent. The translational energy release spectra
obtained at photon energies from 2.37 to 4.74 eV
show no statistical difference, while photoelectron
spectra taken by Johnson [15] indicate that both
vibrational and electronic excitation of the O, moi-
ety occurs upon photodetachment. These observa-
tions lead to two conclusions: (1) the translational
energy release for a specific set of product states is
unaffected by the amount of energy carried away by
the photoelectron; and (2) the dissociation pathways
leading to different product states are characterized
by the same translational energy release. The first
conclusion simply states that the dynamics in O]
-(H,0) appear to be completely describable under
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the Franck-Condon principle, i.e. that the electron
departure and nuclear readjustment on the neutral
surface are effectively uncoupled events. The evi-
dence for this conclusion is the lack of wavelength
dependence in P(E7). The second conclusion is less
intuitive and perhaps more surprising. As shown by
the wide range of photoelectron energies measured
by Johnson [15], different electronic states of the
neutral complex must be accessed in photodetach-
ment. Differences in the shape of these potential
energy surfaces would be expected to yield varia-
tions in the translational energy release. Evidently
the topology of these surfaces are similar and are not
affecting the O; -(H,0) P(E;). An additional con-
clusion that can be drawn is that transfer of internal
energy in O, and H,O to the reaction coordinate is
highly inefficient in the neutral O, - (H,0) complex.

The most plausible explanation of the observed
results is that photodetachment is leaving the neutral
complex in a repulsive region of the potential where
the internal structure of the O, and H,O species has
little influence on the dissociation dynamics. Theo-
retical calculations of the O; -(H,0) structure put
the oxygen atom of the water molecule at ~ 2.8 A
from the center of the O, species [19]. Reed, et al.
[29] have studied the neutral O, - (H,0) complex at
the Hartree—Fock (MP2 /6-31G ") level, and found a
singly hydrogen-bonded C; structure with the oxy-
gen atom of water at ~ 3.8 A from the center of 0,.
This complex was found to have a binding energy of
only 0.04 eV. Vertical photodetachment thus places
the molecules ~ 1 A closer together than the equi-
librium geometry on the neutral surface. It is not
surprising then that there is repulsion between the O,
and H,O molecules, causing the complex to dissoci-
ate. The data indicate, however, that there is little
dependence of this repulsive potential on the elec-
tronic and vibrational states of O, and H,O.

A second possibility is that an O, - (H,0) com-
plex is formed by photodetachment, with subsequent
unimolecular decomposition. In a complex with only
five atoms, and a considerable change in internal
energy as the photon energy is increased from 2.37
to 4.74 eV, it would appear likely that some of this
energy would be transferred to the reaction coordi-
nate. Given that there is no change in the transla-
tional energy release and the large equilibrium ge-
ometry change between O, - (H,0) and O3 - (H,0) it

appears unlikely that a bound region on the O, -
(H,0) potential energy surface is reached.

The angular distribution of the O, and H,O frag-
ments does change, however, as the photon energy
increases. The presence of anisotropy in the angular
distributions implies that there is some degree of
alignment of the neutrals produced by photodetach-
ment. Any alignment produced in dissociative pho-
todetachment is determined by the symmetry of the
initial (anion) and final (electron + neutral complex)
states [30,31]. The alignment change as a function of
wavelength may arise from variations in the popula-
tion of excited electron + neutral states with differ-
ent symmetry or from an electron-energy-dependent
photoelectron continuum for the individual electron
+ neutral states. At higher photon energies, new
excited neutral potential energy surfaces may be-
come populated and would be expected to lead, for
example, to the production of O, a4, and b'%}
fragment states. Photofragment angular distributions
involving production of these excited states may
each be characterized by a specific 8 due to the
different symmetry and photoelectron continuum as-
sociated with these states [31]. The alignment ob-
served in the unresolved spectra, measured as the
anisotropy of the photofragment angular distribution,
could thus be expected to change as the relative
populations of the states change. Similarly, if the
nature of the photoelectron continuum for individual
states of the neutral complex is a function of electron
energy, the alignment would be expected to change
as a function of wavelength [31,32]. A detailed inter-
pretation of the anisotropy parameters is not possible
at this time, as they depend not only on the above
considerations, but also on the orientation of the
transition dipole relative to the recoil axis [26]. This
orientation is presently unknown and may be only
weakly fixed in the O; -(H,0) complex.

The dynamics of DPD in O -(H,0) are very
different than the wavelength-dependent dynamics
previously found for the DPD of O; [5]. In O, the
translational energy release changes as a function of
product internal states. In addition, for some O,
transitions, interactions between the departing photo-
electron and the neutral core influence the partition-
ing of available energy in an inherently non-
Franck—-Condon process [33]. No evidence for phe-
nomena of this type are seen in the P(E;) distribu-



178 C.R. Sherwood, R.E. Continetti / Chemical Physics Letters 258 (1996) 171-179

tions of O; -(H,0). The observation of alignment in
the photofragments is in accord, although consider-
ably smaller in magnitude, with the previous mea-
surements on the dissociative photodetachment of
O,. An important difference between O; -(H,0)
and O, , however, is that the range of the exit-chan-
nel interaction between the departing electron and
photodetached neutral is much larger in the former
due to the permanent dipole of H,O [34].

6. Conclusions

Fragment energy and angular distributions from
the photodestruction of O; -(H,0) at 523.6, 349.0
and 261.8 nm have been obtained using photofrag-
ment translational spectroscopy in a fast ion beam.
The data indicate that the predominant photodestruc-
tion pathway is dissociative photodetachment at these
wavelengths. The c.m. translational energy release
distribution, P(E;) are independent of photon en-
ergy and peak at low E;~ 0.10 eV. In conjunction
with previous photoelectron spectra of O -(H,0)
[15], the data indicate that the electronic and vibra-
tional state of the neutral fragments have little influ-
ence on the dissociation coordinate. These results are
consistent with dissociation on a weakly repulsive
neutral surface. The angular distribution of the
photofragments reveal that alignment of the neutral
complex is produced in photodetachment. The angu-
lar distribution changes as a function of excitation
energy, showing the influence of either multiple
dissociative states of the neutral complex with differ-
ent symmetry or an electron-energy dependent
photoelectron continuum.

The results from this study and our recent work
on O, reveal that a wide range of dynamics is
possible in systems undergoing dissociative photode-
tachment. In both of these systems, dissociative pho-
todetachment is the dominant photodestruction path-
way and it is anticipated that this process will be an
important photodestruction channel in other cluster
anions as well. As seen in O, , however, photodisso-
ciation may also play a significant role in the photo-
destruction of cluster anions. Future experiments
making use of photoelectron-neutral-neutral coinci-
dence spectroscopy, in which the kinetic energy of
the electron is measured in coincidence with the

photofragment translational energy release [33], will
be useful in further clarifying the photodestruction
dynamics of O; -(H,0) and other cluster anions.
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