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Low-Energy-Electron Attachment to Oxygen Clusters Produced by Nozzle Expansion
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Electron attachment to Oz clusters gives two homologous series, (Oz)„and (Oz)„O . Mea-
sured relative attachment-cross-section functions show significant differences, i.e., (Oz)„O ions
show a similar behavior to 0 from Oz (a single peak at —7 eV), whereas (Oz)„ ions show an
additional peak at —0 eV. The latter result explains the large thermal-electron attachment rates
observed in high-pressure and low-temperature swarm experiments.

PACS numbers: 36.40.+d, 34.80.—i

Low-energy-electron attachment ( & 20 eV) to the oxygen molecule in the gas phase has been the subject of in-
tensive study in the past twenty years. ' Reactions involving molecular oxygen and its anion are of importance in
understanding air chemistry. Dissociative attachment to 02 is produced in the energy range 4.4 to 10 eV via

O, (X'X;)+e- O,
— ('ll„) —O-('P)+O('I ). (1)

The cross section for this process shows a single structureless peak at —7 eV, suggesting that only a single repul-
sive state is responsible for the occurrence of this reaction. Nondissociative attachment to 02 (which has a positive
electron affinity of 0.440 + 0.008 eV ) occurs by a resonance process,

02(X Xs ', v=0) +e 02 '(X Ils', v'~4). (2)

(3)

The molecular anion so formed is unstable with respect to autodetachment and has a predicted lifetime of —10
s,5 unless it can be stabilized collisionally in a high-pressure environment. A two-step mechanism was suggested
by Bloch and Bradbury and later modified and includes reaction (2) and

02 '(X Ils;v') 4) +M 02 (X Ils;v' & 4) +M+ energy.

According to Spence and Schulz and Mc Corkle,
Christophorou, and Anderson the "effective" cross
section for this "three-body attachment" shows pro-
nounced structure with energy. The peaks of this
structure occur at the position of the vibrational levels
of the 02 system serving as the intermediate product
in the two-stage process (2) and (3).

Recent studies, however, which investigated the
pressure and temperature dependence of attachment
rates have demonstrated that attachment in pure 02
and some 02-M (where M denotes some other
molecule) systems cannot be explained solely by the
Bloch-Bradbury mechanism but that also attachment to
van der Waals molecules has to be involved.
Although the density of van der %aals molecules in
those experiments is much smaller than that of 02
molecules, attachment to van der Waals molecules was
thought to be much larger because of an assumed
reduction in the effective resonance energy [0.076 eV
for 02 (v'=4) with respect to 02(v=0) "]. The
idea of electron attachment to oxygen dimers has been
suggested and discussed earlier8 ' '5; ho~ever, no
direct (crossed-beam, single-collision) investigation of
electron attachment to oxygen clusters exists. In this
Letter we report the first direct study of electron at-
tachment as a function of electron energy ( —0 to 30
eV) to 02 clusters. The clusters are formed by nozzle
expansion and the attachment is studied in a crossed-

! molecular-beam, electron-impact —ionization, mass-
spectrometer system under single-collision conditions.

The molecular-beam, electron-impact, mass-spec-
trometer system has been described previously. '

Neutral clusters are formed by the expansion of up to
6 bars of 02 through a 10-tu, m nozzle into vacuum.
The stagnation-gas and nozzle temperature is variable
(down to liquid-nitrogen temperature) and is kept con-
stant during the experiment (typically —140 C). The
electron beam is guided by a weak magnetic field
( —400 G) and has an energy spread of —0.5 eV. '6

The ions produced are extracted by a weak extrac-
tion field, whose possible influence on (i) the electron
energy, (ii) the ionization (and presently attachment)
process, and (iii) the measured cross section has been
discussed previously. ' ' The energy scale was cali-
brated with known cross-section curves of anions in
02, CO2, and SF6. The extracted anions are analyzed
in a double-focusing sector-field mass spectrometer
with improved transmission characteristics. '

Two homologous series [(02)„and (02)„0 with
n up to 15] were observed by electron attachment to
the neutral-oxygen-cluster beam. No effort was made
to observe larger homologs. %'e have measured the
relative attachment cross sections for some cluster
anions and find significant differences from the known
cross-section curve of 0 produced by dissociative at-
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tachment to 02. Figures 1(a)—1(d) show the measured electron energy dependence for the production of the 02
(02)0, (02)2, (02)40, and (02) to anions. Also shown in these figures for comparison and calibration pur-
poses is the measured attachment-cross-section function for the production of 0 from 02. The peak position and
shape of the 0 from 02 curve are in good agreement with previous high-precision determinations, i.e., a single
structureless peak in the energy range 4.4 to 10 eV. ~ '

Among the negative ions observed, those comprised of (02)„0 appear at the same electron energies as 0
from 02. Moreover, it can be seen that the peak cross section for (02)0 seems to be shifted slightly to higher
energies as compared to 0 from 02, and a small second peak beginning at —13 eV is discernible in Fig. 1(d).
Peak shifts upon solvation, although to lower energy, have been observed previously for (C02)„, (C02)„0
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FlG. l. (a)-(d) Anion signals produced by electron attachment to 02 clusters as a function of electron energy. The cluster
beam was produced by expansion of the 02 gas under 5.6 bars and —140 C. Also shown is the energy dependence of 0 pro-
duced via dissociative attachment to 02. This curve (and also the anion curves of CO2 and SF6) is used to calibrate the energy
scale with the help of the well-known peak parameters (Ref. 5).
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possible to interpret (i) the gradual shift of the effec-
tive attachment cross section (reported by Mc Corkle,
Christophorou, and Anderson9) toward lower energies
with increasing gas density and (ii) the increase of
magnitude with increasing gas density as evidence for
the presence of clusters in these experiments.
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