Energy and angular distributions in dissociative photodetachment of O 2
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An anisotropic product angular distribution has been observed in the dissociative photodetachment
of O, at 523 nm. Energy and angular distributions of coincideptp@ducts from the process

O, +hvr—0,+0,+e~ were measured using translational energy spectroscopy in a fast ion beam.
The angular distribution peaks perpendicular to the electric vector of the laser bedf9%
American Institute of Physics.

Analyses of product energy and angular distributionsof O, intersectily a 1 keV electron beadf.The anions pass
have provided important insights into the dynamics of boththrough a skimmer into a differentially pumped chamber, are
bimolecular and unimolecular chemical reactions. In the casaccelerated to kinetic energies of 2—7 keV, and mass selected
of photodissociation, it has been shdvithat product angu- by time of flight. Anions at the mass of interest are inter-
lar distributions are affected by excited state lifetimes, mo-sected by the linearly polarized frequency-doubled output of
lecular structure and electronic symmetry. Anisotropic prod-a Nd:YLF laser(Spectra Physics TBRThe laser pulse is 6
uct angular distributions have been observed in dissociativas full-width-at-half-maximum with an energy of 200J/
photoionizatiort dissociative electron-impact ionizatibn, pulse at 523 nm and is focused to a spotdf.5 mm diam-
and dissociative electron attachment to neutral moleculeseter at the interaction region. The apparatus runs at a repeti-
An anisotropic distribution of molecular axes is also ex-tion rate of 500 Hz.
pected to be produced in photodetachment of a negative ion, Photofragments recoil out of the beam as it traverses a
by analogy to the treatment of photoionization by Greened5 cm flight path between the laser interaction region and a
and Zaré In this letter, the first observation of an anisotropic particle detector. Those that ctem 7 mmwide beam-block
molecular product angular distribution in dissociative photo-strip, centered on the ion beam, strike a 46 mm diam
detachment is reported. By measuring product kinetic energgnicrochannel-plate particle detector. This detector makes use
and angular distributions, we have observed this effect in thef two side-by-side wedge-and-strip anotfe® record the
photodestruction of the tetroxide anion, Oat 523 nm. time and position of arrival of fragments. The detector face is

Dissociative photodetachmefDPD) occurs when the at ground potential, allowing both neutral and ionic products
neutral complex left behind by electron photodetachment iso be detected. Detector calibration was performed by re-
unstable. Photoelectron spectroscopy has been used to stuclyrding data on the photodissociation of @ 262 nm'° and
the dynamics of the photodetachment of molecular anionshowed that the energy resolution4&0 meV.
producing unstable neutral produétsittle attention has pre- There are two possible modes of data acquisition—
viously been paid to the fate of the transient neutral speciesollection of neutral fragmentsr neutral and ionic frag-
produced in these photodetachment experiments. The presenents. Electrostatic deflection of ions out of the beam after
experiment shows that in the case of photodetachment the laser interaction region allows detection of only neutral
and dissociation occur promptly on the time scale of molecuproducts. If no deflection field is used, both ionic and neutral
lar rotation. products are detected. The data presented consists only of the

O, is known to photodestruct in the 200 to 1000 nm pairs of coincidentfragments that originate from a single
range from total cross-section measuremé&n@as-phase dissociation event. These fragments conserve momentum in
thermochemical measurements indicate that ©® stable the center-of-mass frame. Photofragment pairs that do not
with respect to dissociation into, 80, by 0.46+0.02 e\®  conserve momentum are discarded as false coincidences. De-
This is in accord with semi-empirical self-consistent-field tection of the fragments in coincidence allows determination
calculations, which predicted that,Ois a planar species of the product masses, translational energy release and
stable with respect to dissociation intg-€0, by ~0.4 eV}®  center-of-mass recoil angle for each dissociation eVeff.
More recent unrestricted Hartree—Fockab initio  Only equal-mass productse., O,+0O, or O,+0, ) were ob-
calculation$! have predicted a binding energy of or#§0.1  served from the photodestruction of, @t 523 nm.
eV, far below the experimental values. The relatively high  Translational energy release spectra recorded with the
observed binding energy suggests that the bonding in thigser polarized along the direction of the ion beam are shown
homomolecular cluster anion may be strengthened by signifin Fig. 1. The spectrum for coincident neutrals at full laser
cant electron delocalizatiofs. power (middle curve in Fig. 1shows two main features—a

The experiments described here make use of translgeak near 0.8 eV and a much larger peak at 0.4 eV. Com-
tional energy spectroscopy in a fast negative-ion beam. Thparison with a coincidence spectrum that includes both neu-
design of the apparatus is similar to that used by Neumarkral and ionic fragmentgtop curve in Fig. 1 shows that the
and co-workers to study free-radical photodissociation- higher energy peak is due to the photodissociation
ions are produced and cooled in a pulsed free-jet expansio®; +hv—0,+0, .18 The dynamics of this photodissocia-
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FIG. 1. Translational energy release distributions recorded for coincident O o .
9y de FIG. 2. Center-of-mass angular distribution®) vs 6 at differentE; for

and G photofragments with the electric vector of the laser oriented along” ">* ° ; . .
the direction of the incident ion beam. The solid lines correspond to thecoincident neutralsmiddie curve of Fig. 1 Points correspond to data and

center-of-mass translational energy distributi®¢E;). The points corre- the SOL'F’ Im_clas show Itheélts f(c;r the anlsptr(()jpybparamoﬁ(ﬁT). TT]e curves
spond to raw experimental data. Top curve: coincident ions and neutralf€ arbitrarily normalized and symmetrized abg@ut90°, since the center-

middle curve: coincident neutrals, bottom curve: coincident neutrals at re0f-mass angled is only uniquely defined from 0 to 90° for equal mass

duced laser power. photofragments.

tion will be discussed further in a forthcoming publicatin. coincident neutral data are shown in Fig. 3. This curve shows
Reduction of the laser power by a factor of 10 yields thethe large negative value of the anisotropy parameger,
bottom curve in Fig. 1. Comparison of the middle and bot-—0.88+0.03, at the peak of the DPB(E;). This value is
tom curves shows that the only power-dependent feature isiore negative than that recorded at full powgr=—0.83),
the peak at 0.8 eV due to photodissociation. This powerprobably due to a reduced contribution from ion photodisso-
dependent peak is seen in the neutral spectrum at full laseiation. The values oB(E;) are averaged over 0.1 eV wide
power due to photodetachment of nascept &y a second energy bins.
photon. The peak at 0.4 eV is assigned to DPD: Observation of an anisotropic product angular distribu-
O, +hv—0,+0,te". tion in DPD is a consequence of the alignment produced by
The data contain a three-dimensional record of the enphotodetachment. In particular, if dissociation of the nascent
ergy and angular distributions of the photofragments. Thaneutral is rapid and axial recoil occurs, an anisotropic prod-
anisotropy of the angular distribution as a function ofuct angular distribution will be observéd.The significance
translational energy releasdE;) can be found by of gis different from that in direct photodissociation, how-
separating the doubly differential cross sectionever, as the anisotropy is governed by the symmetry of both
P(E;,6) into energy and angle distributions as the initial anionand the final (electron plus neutralcom-
P(Er,0)=P(E{)[1+ B(E7)P,(cosf)].® The angular de- pound staté® Thus, even if the initial electronic state is
pendence of this function at a given energy is given by th&nown, the symmetry of the electronic state of the neutral
standard electric-dipole formi(6)=1+8P,(cosé), where complex is not fixed as there are degenerate continuum states
P,(cos#) is the second Legendre polynomial in aband¢  available to the photodetached electforlhis assumes that
is the angle between the center-of-mass recoil velocity an®PD is occurring in the Born—Oppenheimer limit, i.e., that
the electric vector of the laser bedrh.The distributions the time scale of electron departure and decay of the neutral
P(E;) and B(E1) can then be found by a least-squares fit.are sufficiently different to make an electronic state of the
The weights for the data as a function Bf and 6 in the  neutral complex a meaningful construct.
fitting procedure are calculated from the finite laboratory an-  The present experiments cannot determine an exact life-
gular acceptance of the detectdThe angular acceptance time for the neutral @complex. They do, however, place an
has a negligible effect in this case, as shown by the agreaspper bound on the complex lifetime. In the case of prompt
ment between th®(E+) and the raw data in Fig. 1. Figure 2 axial recoil perpendicular to the electric vector of the disso-
shows fits to the angular distribution at sevefal for the  ciation laser, the lower limit fop is —1.1% As the complex
full-power coincident neutral data shown in the middle curverotates, the anisotropy decreases, reaching an asymptotic
of Fig. 1. value for B8 of —0.25 in the long-lifetime limi The ob-
The extracted values oB(E;) for the reduced-power servedB=-—0.88 at the peak of the DPP(E;) indicates
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- - - T y Franck—Condon overlap with Gat the van der Waals mini-

2r ] mum, detection of stable Qvould be possible. No obvious
evidence for stable Pwith microsecond lifetimes was found

in the current experiments when the beam was directly moni-
1t ] tored with a simple microchannel-plate-based detector low-
ered into the beam path. Evidence for both repulsive and
relatively long-lived excited stat¢d0™ '—10 13 s) of O, has
been found by Helm and co-workers using charge exchange
of O with various electron-donor targets. Charge-
exchange neutralization of the cation probes much higher
energies than are accessible in our experiments, which are
At . restricted by the electron affinity and photon energy to prob-
ing configurations<1.4 eV above the energy of two sepa-
rated Q molecules. In future experiments, it will be of inter-
est to increase the photon energy and see if these states are

FIG. 3. The energy dependence of the anisotropy paramgtes,), for accessible by phOt,Od_etaChmem' . _
coincident neutrals at reduced laser power. The data points correspond to AS more sophisticated calculations of thg @nd Q
values forB(Ey) averaged over 0.1 eV energy bins. Error bars-agras  potential energy surfaces become available, the present mea-

found in a least squares fit to the data. surements in conjunction with dynamics calculations should
provide a critical test of the geometry of the anion relative to

that dissociation is prompt on the time scale of moIecuIarI_he neutral poten_tlal energy surface. Franck—Con_don excita-
rotation (=102 9). tion from the anion to the neutral should result in a large

It is interesting to compare the anisotropy observed ifranslational energy release between thdr@gments as ob-

the molecular products of DPD with that measured for theserved in our experiment. Since the electron has carried away

photoelectrons at 532 nm by Johnson and co-workers an undetermined kinetic energy, quantitative interpretation of

The photoelectron angular distribution was characterized by etP(I_Et;) 'Shoi I.|m||(ted valug betytcr)]nd TOST? th?fgﬁfﬁ? SIS
an anisotropy parameter @=—0.912 This shows that botn "t WIth what IS known about the sStabiiity ol €

the photoelectron and the molecular fragments are recoilinr@mb'gu'%due to the 'electior? klnﬁ.n%ir:ergy can bedresolvled
in the plane perpendicular to the electric vector of the lase Dy coincidence experiments in which the energy and angular
correlations of the photoelectron and molecular fragments

re measured. Such experiments are currently in preparation.
hese future experiments may also provide a route to the
neasurement of molecule-fixed photoelectron angular distri-
utions for anions, similar to those discussed theoretitally
and observed experimentally in the photoionization of
dipole-aligned N&* and the dissociative photoionization of
peutral molecule$?

B (Ey)

00 02 04 06 08 10 12
Translational Energy Release (eV)

The photodetachment spectrum of @ey reported shows a
broad, featureless distribution peaking at an electron bindin
energy of 1.6 eV with an energetic threshold at 1 eV. The
present result lends credence to the idea that the short lif
time of O, may lead to the lack of resolved structure in the
photoelectron spectrur.

As Fig. 3 showsp(E+) still rises to large positive values

at largeE+, even when the laser power is reduced by a facto Thi . ks the fi f
of 10. Dynamical effects in DPD may play a role in this Is experiment marks the first measurement of energy

energy dependence, however, it is likely that ion photodissog—Jlnd angular_ d|str|b_ut|ons from DPD, and has de_mo_nstrated
ciation is responsible for the rise B(E+). The ion photodis- that very anisotropic molecular product angular distributions

sociation signal in the top curve of Fig. 1 is characterized bfan be produced. Further investigation of this effect nad

a large positives. lon photodissociation may be detected atf)ther photon energies and in other systems will provide new

low laser power in the neutral coincidence spectra'nSights into the structure and dynamics of both anions and

due to residual neutralization of,Oby a second photon, as the trapsient neutral species produced by pho'Fodetachment.
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