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New Dissociation Channels i,0
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Making use of a novel solid xenon matrix detector which is selectively sensiti@g't§y) metastable
atoms, a new dissociation channel, vid Ay repulsive state, has been uniquely identified following
electron impact onD,O molecules. Careful measurements of the O fragment kinetic energies and
appearance potentials have allowed partial reconstruction of the potential energy surface involved. The
excitation function for production od('S,) has a shape which is characteristic of an optically allowed
transition in the parent molecule and has a maximum valué.2fx 1078 cn? at 100 eV incident
electron energy. [S0031-9007(97)04081-7]

PACS numbers: 34.80.Gs

Fragments from the dissociation of water are minorside as well in that it often leads to ambiguities in seeking
species in our atmosphere but play an inordinately importo define the dissociation dynamics. This occurs because
tant role in its chemistry [1]. Further, the dissociation ofa particular fragment may be produced via a number of
water is of great interest in studies of space physics and raverlapping mechanisms.
diation chemistry [2,3]. Thus the fragmentation of water In the present work we take advantage of a novel
continues to be a fertile ground for study. detector which is selectively sensitive @'S) in order

The early photoabsorption work of Watanabe and Zeto probe a subset of dissociation mechanisms. Further,
likoff [4] revealed the existence of two broad continua rep-by directly measuring fragment energies and appearance
resenting excitation of thA andB repulsive states of the potentials, we are able to probe specific fragmentation
parent molecule and leading to production of ground statehannels in the Franck-Condon region.

H atoms and OH molecules in the*I1 andA >3 ™ states, The apparatus has been described previously [19,20],
respectively. Use of laser techniques enabled Andresesnd so only a brief summary will be given here. A crossed-
et al. [5] and others to make very specific and detailed statbeam arrangement is used in which the magnetically col-
to state studies which have led to a major elucidation ofimated electron beam and the target water beam are
the photodissociation dynamics, at least for these relativelynutually orthogonal. The water molecules effuse from
low-lying states. Brouaret al. [6] give an update of this a capillary tube, and a capacitance manometer is used
work and give extensive references to earlier work. Synto monitor the driving pressure (typically 5—10 torr) up-
chrotron radiation has also been widely exploited to studytream of this tube. The detector is located 27 cm from the
the production of excited fragments, usually by moni-interaction region in the direction of the molecular beam.
toring the fluorescence or ionization which occurs. Usingt consists of an approximately 1 mm thick layer of solid
these techniques Wu and Judge [7] have monitored thesenon which is grown on a cold finger at 69 K in a sec-
fragmentation processes to photon energies of 20.5 eV arahd differentially pumped chamber. A small steady flow
discuss a wide range of fragmentation channels. of xenon into this chamber keeps the background pres-

Significant information relevant to dissociation mecha-sure at approximately X 10~* torr and continuously re-
nisms has also been obtained from studies of electron dreshes the layer on the cold finger. The Xe layer lies in
photon irradiation of water in the condensed phase [8]the field of view of a cooled photomultiplier with a GaAs
Techniques such as laser resonance enhanced multiphotpohotocathode. A Plexiglas light pipe between the Xe layer
ionization (REMPI) have been used to probe the fragmentand the photomultiplier enhances the aperture of the de-
desorbed from the water surface. tection system. Filters can be placed in the optical path

Electron impact gas phase work has involved metastablas required. The electron beam was pulsed and a time-to-
fragment production [9,10], nonmetastable excited fragamplitude convertor (TAC) was used to acquire time-of-
ment production [11-13], and dissociative ionization andlight (TOF) spectra. Alternatively time-of-flight windows
attachment [14]. A wide range of techniques has beewould be chosen and the electron energy varied under com-
applied including laser induced fluorescence to probe thputer control so that excitation functions, appropriate to
production of unexcited fragments [15,16], and Dopplerdata arriving at the detector during that window, could be
broadening of emission lines to reveal fragment kineticobtained.
energies [17,18]. The operation of the xenon layer detector has been ex-

Electron impact techniques have the advantage oveplained earlier, but a brief summary is as follow®,('S)
photon impact in that optically and spin forbidden excita-atoms impact the Xe surface, thermalize, and form ex-
tion channels can be probed. However, this has a dowreimers within a few microseconds. The XeO state which
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is formed has a radiative lifetime of about 100 ns. The rethe distribution as the incident electron energy is changed,
sulting emission occurs in two broad bands centered at 72&uggests that more than one channel contribute to the
and 375 nm, respectively, in order of decreasing intensityproduction ofO('S) fragments, particularly as the impact
In this experiment flight times to the detector were typi-energy is increased.
cally 100 us, and so the thermalization and radiative life- Knowing the identity of the detected particle, itis readily
times were negligible in comparison. Key characteristicpossible to convert the 40 eV TOF data in Fig. 1 to a
of the detector are its sensitivity [quantum efficiency closekinetic energy spectrum, Fig. 2 (see Ref. [19] for details).
to unity for O(15)] and its extreme selectivity. Itis totally The accuracy in the conversion process is reduced at the
insensitive to all other fragments produced in the electronlowest energies (longest flight times) due to the small
D,0 interaction. Thus it allows a very selective probing of signals and the? factor which is involved. Kinematic
the multitude of dissociation curves along which the mole-effects could also occur at energies close to the thermal
cule may fragment. An isotropic distribution of fragmentsenergy (25 meV) of the parent beam. For these reasons,
from the dissociation process is assumed. data at the very lowest energies have been suppressed. The
Figure 1 shows TOF data fa»,0O fragmentation taken distribution peaks at 0.2 eV but has a long tail stretching
at 40 eV impact energy. At very short times the signal isto about 3 eV. At 30 eV impact energy the width of the
dominated by photons which reach the detector directhdistribution is reduced from 0.6 to 0.46 eV, FWHM, and
from the interaction region during the exciting electronthe peak position occurs at about 0.15 eV. Again this sug-
pulse. After that a single peak is observed with a maxigests that additional production channels open up as the
mum occurring at a flight time o120 us and with a energy of the incident electrons is increased. The peak
long tail to longer flight times. At higher (lower) incident occurs at a lower energy and has a narrower half-width for
energies, the leading edge of the TOF distribution is shiftedd,0 targets.
slightly to shorter (longer) flight times and the full width at ~ Figure 3 shows the excitation function fax('S) pro-
half maximum (FWHM) of the peak narrows (broadens)duction fromD,0 over the energy range 0—320 eV. Care
by a few percent. Some data have also been taken witlvas taken to ensure that the complétés) TOF spectrum
H,O targets, and here the peak is observed to be 10%as included in the acceptance window of the detector at
broader (FWHM) and to occur at slightly longer times thanall incident energies. The curve rises steeply from thresh-
in the case ofD,O (130 rather thanl10 s at 100 eV  old around 15.3 eV to a broad maximum in the 100 eV
incident energy). This reflects the fact that, although theegion. This shape is characteristic of optically allowed
repulsive curves and hence the total released kinetic energsansitions in the parent molecule. To establish the thresh-
for the two molecules must be the same, the sharing obld energy, comparison was made with the threshold for
the released kinetic energy between the different fragmenggroduction of prompt photons (predominantly Balmer-
depends on their respective masses. Simple momentufR1]). In both cases the thresholds were taken as the points
considerations show thax(' S) from D,O should be more where the initial linear rise of the excitation function was
energetic. extrapolated back to cut the energy axis. The Balmer-
A slight shoulder was consistently observed at flightthreshold was taken as 18.25 eV, the average of the two
times less than00 ws. This, together with the changes in values quoted by Beenakket al.[21]. Since the un-
certainty in this figure is 0.5 eV, our threshold energy is

1.2 uncertain by approximately this amount also. If another
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FIG. 1. Time-of-flight spectrum fo®('S) fragments obtained 0 05 1 1.5 2 25 3
at an incident electron energy of 40 eV. Zero time corresponds Oxygen Energy (eV)

to the center of the20 wus wide electron pulse. Some
smoothing has been applied to reduce the statistical scatter iRIG. 2. O('S) fragment kinetic energy spectrum obtained
the data. from the data in Fig. 1.
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16 ambiguously classified, using the procedure outlined by
a4 Herzberg [23], as havinty; character. Wu and Judge [7]
g show some minor structure at a photon energy of 15.3 eV
$ 12 (80.9 nm) on their curves showing neutral particle produc-
- e tion following photoabsorption byH,0. This could be
e N identified withO('S) production.
'C__>°8 / We note further that little can be said about the other
Qo6 channels which open up at higher incident energies, except
304 / to conclude, from the absence of sharp structure on the
3 / excitation function (Fig. 3), that these parent states must be
& 02 { of singlet character also. There is consistent evidence for a
0 slight shoulder on the excitation functions at around 10 eV

0 50 100 150 200 250 300 350 above threshold (barely observable on Fig. 3). We note
E(eV) that this would be consistent with total fragmentation of the
FIG. 3. Absolute cross section for the production @f's)  Parentmolecule and excitation of one of the D atoms to the
following electron impact onD,O. The data have been n = 2 state. Direct observation of ki = 2) following
normalized as discussed in the text. Some smoothing has beebectron impact o, O by various groups [24—27] clearly
applled to reduce the statistical scatter in the data. demonstrates the opening up of a production channel at
about 25 eV. This would be consistent with the suggested

process was occurring with a lower threshold energy, itgnechanism given above.

cross section must be less thark 10720 cn? in this en- The cross-section data in Fig. 3 have been made abso-
ergy region, i.e., insignificant relative to the process beindute by comparing the signals obtained frdaO targets
observed here. with those obtained from CQunder the same conditions of

Knowing the threshold energy for the process, the facexcitation (electron beam current, target gas pressure, etc.).
that one of the products 8('S), and the energy released A CO; cross section of.56 X 1077 cm? at 100 eV was
as kinetic energy (approximately 1-2 eV based on simpléised for normalization [20]. There are a number of sources
conservation of momentum considerations), allows us t®f uncertainty in this procedure. First, there is a lack of
estimate the energy at infinite separation, namely, 13.3detailed knowledge of how the sensitivity of the detector
14.3 eV. We make the reasonable assumption here thdepends on impinging O-atom velocity. Since thermaliza-
the two D fragments leave the collision complex separatelyion of theO('S) atoms occurs prior to excimer formation
and symmetrically at angles greater than L8 the O and since the range of fragment velocities is similar for
fragment direction, i.e., essentially in the opposite directiorthe two molecular targets, the assumption of equal sensi-
to the O fragment. As mentioned later, dissociation via divity for both is judged to be reasonable. Second, since the
bending vibration seems to be the most reasonable breakupolecular masses are dissimilar, the two target beams may

mechanism. not be directly comparable. Third, variations in detector
The only possible fragmentation process which fits thesensitivity, with such parameters as surface temperature,
observed energetics is could occur over prolonged (24 h) data acquisition peri-

N ods. A large number of comparisons were carried out at
e + DO(X 'A)) = D,0°("'A) = O('S) + 2D(S), different beam driving pressures in order to minimize the
with a threshold energy of 13.82 eV. If one of the D effects of these problems. Assuming the quoted uncer-
atoms were to be excited, the threshold would be at leagainty of 12% in the calibration standard allows an overall
10.2 eV higher in energy. Similarly, if the D atoms were uncertainty of 35% to be estimated.

united as a molecule the threshold energies would be The value obtained at 100 eM.2 X 1078 cn?) is a
9.24 eV [forD,(X)] or 20.61 eV [forD,(B)]. Thus these factor of 16 less than the cross section for production of
channels can also be excluded as possibilities. We noteyman-« following electron impact dissociation of water
that Theodorakopoulat al. [22] have carried owtb initio by electrons of the same energy [27]. Considering the
calculations of the dissociation @f,O into H, and an  cross sections for production of other excited fragments
oxygen fragment. Their work reveals that a significant{21] suggests thaO('S) production accounts for about
(4 eV) barrier to dissociation int®('S) + H,(X) exists. 5% of dissociation which produces excited fragments.

This would increase the threshold energy fo¢'s) + If we assume that a transition takes place vertically in
D,(X) production to approximately 13.2 eV. This is still the Franck-Condon region we can fix the parent repulsive
2 eV below what we observe. surface in this region (at 15.3 eV above the ground state).

Because the dissociation products are so well definedlso, our knowledge of the nature, internal energy, etc.,
and because the shape of the excitation function indicatesf the fragments allows us to fix the repulsive surface
that no spin change occurs in the excitation process tat infinite internuclear separations (at 13.82 eV above the
the parent repulsive state, this parent state can be um,0O ground state).
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