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Dissociative Photodetachment Dynamics of 8,
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Photoelectron-photofragment coincidence spectroscopy is employed to study the dissociative photodetachment
(DPD) dynamics of 8, at 258 nm. Experimental data and theoretical calculations show evidence for
photodetachment from a trigonal form ofCs~. The vertical detachment energy of this isomer was determined

to be 3.73+ 0.02 eV. An upper bound of 2.4+ 0.14 eV is determined for the enthalpy of the reaction

S0, — S+ SO, + e at 0 K. The observed dynamics are interpreted in terms of dissociative photodetachment
of S0, to SEP) + SO,(*A,1) + €7, SED) + SO,(*A1) + €7, and $(32y7) + 0(3%4 ") + e~ product channels.

The S-atom channels are characterized by a large photofragment kinetic energy release and an anisotropic
photofragment angular distribution peaked along the electric vector of the laser., Thargel has a low

kinetic energy release consistent with elimination of highly vibrationally exciteff@n a strained form of

the trigonal isomer.

1. Introduction S

Sulfur monoxide (SO) acts as an intermediate in the oxidation
of sulfur compounds in combustibas well as the atmosphete. o] 0 1.912

It may also be an important participant in the atmospheric 1492\ 114.1 / 1203
chemistries of Veni$sand lo# As a result, the energetics and ’ \ 1.456/8\
reaction dynamics of this molecule are of considerable interest. S 2,069 S e} 0

Herron and Huie studied the kinetics of formation of the (a) (b)
transient SO dimer (), created by the reaction S® SO +
M — (SO) + M and concluded that the (S©¥luster is
relatively long-lived® Harcourt proposed that a tripletG,

intermediate plays a role in the formation of Sahd SO from O 0] 2.074 V

SO The stability and dissociation dynamics of these intermedi- 1134

ates can have a significant effect on interpretations of the 1550\N116'4 / 1.504 Sw

chemical kinetics of S®@but experimental information on these SWS ') v\o
clusters is scarce. Photoelectron photofragment coincidence ’ 14.7

(PPC) spectroscopy has been shown to be a valuable method (c) (d)

for studying the energetics and dissociation dynamics of tranS|entFigure 1. Calculated geometries 0bS, at the B3LYP/6-313G(d)
neutral molecules after photodetachment from the ahfadn. level. (a) cis-planar , (b) trigonal planar £, (c) cis-0SSO (the

this paper, PPC spectroscopy is applied40.S, and represents S0 bond is rotated by 4¢3ut of plane), and (d) trigonal 8,
the first investigation involving the anionic form of this Distances are given in A, and bond angles in degrees.
molecule.

There have been a number of previous spectroscopic studieghe latter study yielding an adiabatic ionization energy of
of neutral $SO,. Lovas et al. observed>,S, in a microwave 9.93+ 0.02 eV.
discharge of S@° In those experiments,,S; was found to We present the photoelectron spectrum, the energy-dependent
have a cis-planar OSSO structure similar to that in Figure 1a. photofragment angular distribution, and the photoelectron
A number of theoretical studies have been performed on photofragment correlation spectrum of the anio®sS. From
S,0,1%°13 and although only the cis-planar structure has been these data we show evidence for the trigonal isomer,65,S
observed experimentally, Marsden and Smith calculated thirteen(Figure 1d) and determine the energetics and dynamics of the
singlet and six triplet isomers 0£:9,.1° They concluded thata  dissociation of the corresponding neutral (Figure 1b).
trigonal planar form of 80, (Figure 1b), similar in structure to
SO; is more stable than the cis-planar isomer, but was not 2. Experimental Section
o_bserved in_the microwave discharge spectra due to the relatively 11,4 photoelectron photofragment coincidence spectrometer
high energies of molecular products from that method. The 45 peen described before in défadind will be reviewed only
photoionization efficiency spectrlim of2S, has alsg been  priefly here. The source gas configuration differs from previous
measured in the range 650250 nn#* and 105-130 nm;° with descriptions of this technique. Here;(%~ is produced by

T Current address. Research Center COM, DTU, DK-2800 Kgs. Lyngby, e.le(?tron impact on two crossed Contm.uous gas expansions,
Denmark. similar to (although simpler than) entrainment methods used

* Corresponding author. E-mail: rcontinetti@ucsd.edu. by Johnson and co-workéfsand discussed in early supersonic-
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SOy/He-Ne TABLE 1: Bond Lengths (A) and Angles (degrees) for
Trigonal and cis-OSSO $0, at the B3LYP/6-311+G(d)? and
SCF/DZ(PY Levels

r(SO) r(SS) 00SS
30pm Skimmer trigonal
Extracted B3LYP 1.492 2.069 114.1
xtracte SCF 1.471 1.931 114.3
3 .
Ar/Hp0 @ ions Cis-0SSO
/ \ B3LYP 1.456 1.912 120.3
SCF 1.426 1.866 120.5
S0um e beam

aPresent work? Ref 10.

Figure 2. Schematic of the dual beam continuous gas source. The laser is recorded on an event-by-event basis which allows direct

bulk of the gas jet is argon from the 50n nozzle which lies along  determination of the energy-dependent anisotropy of the dis-

the ion beam axis of the machine. sociation as discussed below. This detector has effectively no
dead area within the active region and has a resolutionldo

beam literaturé® Along the ion-beam axis of the machine, pure AE/E at 0.7 eV measured using the photodissociation of. O
argon at 25 psi backing pressure is passed over room-

temperature water and expands through a0 nozzle.
Perpendicular to this beam, a mixture of 6%,%0eded in 28%
Ne and 66% He at 50 psi backing pressure is expanded through To aid in the interpretation of these results, electronic structure
a 30um nozzle. A schematic of this setup is shown in Figure calculations were performed using the Gaussia# 98ite of

2. Although a continuous expansion may be expected to produceprograms. Geometries of the anion and neutral were optimized
anions at a higher temperature than a pulsed expansion, ausing density functional theory (DFT) employing the correlation
previous study of O(H2O), showed no change in the experi- functional of Lee, Yang, and P&twith the exchange functional
mental results, such as the width of features in the photoelectronof Becké? (B3LYP) and the Pople valence tripebasis set
spectra, between the two sourégsdowever, O (H;0), can including polarization and diffuse functions (6-3¢®(d))2* The

be cooled via solvent evaporation, which may not be the casediffuse functions are required for accurate calculations on the
for S,0,”. The effects of photodetachment from vibrationally anion geometry. Frequency calculations were performed at the
excited anions on the experimentally determined energetics will same level and single-point energy calculations were performed
be discussed. The anions are collisionally cooled in the jet andusing the same basis set with the quadratic configuration
pass through a skimmer where they are acceleratee 6okéV interaction, QCISD(T¥®> and coupled cluster, CCSD(%,

and chopped into packets at a repetition rate of 1 kHz by a methods, both employing single, double, and triple substitutions.
pulsed high voltage switch. The ions are mass selected by time-To determine the vertical detachment energy (VDE), the energy
of-flight and guided into the interaction region where particles of the neutral was also calculated at the anionic geometry. The
with m/e = 96 are intersected by the third harmonic (258 nm, zero-point energies calculated at the B3LYP/6-3GLd) level
4.80 eV, 1.2 ps fwhm) of a regeneratively amplified Ti:sapphire were appropriately scalétand used to correct the absolute
laser (Clark, MXR CPA-2000) which provides a fluence ofg} energies of all methods used in this study.

mJ/cnt per pulse. Figure 1 shows calculated geometries for th®Sneutral
Photodetached electrons are detected by one of two large-and anion in both the cis-OSSO and trigonal geometries. In both
solid-angle time- and position-sensitive electron detectors. The cases, the ground-state neutrals are in singlet electronic con-
time and position information is used to transform the laboratory figurations and the anions are doublets. DFT B3LYP/6-8G1
kinetic energy into a center-of-mass (CM) electron kinetic (d) calculations showed that the anion quartet states were much
energy (eKE) to remove the Doppler shift arising from the high higher in energy: 2.7 and 1.8 eV for the cis-OSSO and trigonal
speed of the incident anion beam. The electron detectors hav%eometries' respectively. There is a large geometry change
been shown to have an eKE resolutionA&/E ~ 5% at 1.3 between the ground-state anion and neutral in both isomers. In
eV? and are calibrated using the photodetachment of | the case of the cis-OSSO anion geometry, addition of the
Assuming a cold anion beam, determination of the eKE for each electron causes an out-of-plane rotation of 4&®und the SS
event fixes the energy in the photodetached neutral complex.pond and lengthening of the-S and S-O bonds. In the
The dissociating neutral fragments recoil out of the fast beam trigonal geometry, the anion takes a pyramidal shape, as seen
and travel along a 104 cm flight path until they impinge on a in both SQ~28 and CRk~.2° However, unlike S@ and CRk~,
microchannel-plate-based time- and position-sensitive neutral S;0,~ undergoes dissociative photodetachment at 258 nm. The
particle detector. The anode is composed of four independentDFT geometries for the neutral molecules differ from those
crossed delay lines each capable of measuring two particles pecalculated by Marsden and Smith optimized at the SCF level
event. The number of particles analyzed for each event is and employing a doublé-basis set with polarization functions
determined by gating on the total charge from the microchannel only on the S atom¥ The geometries determined from both
plates of the neutral particle detector, easily resolving detection calculations are summarized in Table 1. The largest difference
of one, two, or three neutral fragments. Conservation of linear between the two calculations is the-S bond length which
momentum in the CM frame is used to determine the mass ratioincreased from 1.931 to 2.069 A for the trigonal isomer, and
of the products in a two-body dissociation. Once the mass ratio from 1.866 to 1.912 A for the cis-OSSO isomer. For this bond
has been calculated, the CM translational energy of the neutralin the cis-OSSO isomer, the DFT value more closely matches
particles Er) can be calculated from the time- and position- the experimental value of 2.025%Given the larger basis set
of-arrival of the two particles, the incident beam energy, and employed in the present calculation, which included both
the flight path from the interaction region. The recoil angle and polarization and diffuse functions on both O and S, the closer
energy of the photoproducts relative to the photodetachmentagreement with experiment is expected. Vibrational frequencies

3. Calculations
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TABLE 2: Theoretical Vibrational Frequencies (cm™1) for
Neutral and Anionic cis-OSSO and Trigonal-SO, at the
B3LYP/6-311+G(d) Level

cis- cis- trigonal trigonal
0SSO 0SSO S,0;~ $0;

OSSO sym wag 133 140 S@ag 280 356
OSSO torsion 185 255 SSstr 331 625
OSSO asymwag 367 451  umbrella 434 367
SS str 376 447  Sfbend 490 445
SO asym str 916 1087 SO sym str 972 1114
SO sym str 968 1138 SO asymstr 1096 1301
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Figure 3. Photoelectron spectrumi(eKE), of SO,~. Below 0.3 eV,
laser background contributes significantly to the spectrum and is
removed. The laser polarization is parallel to the electron detector face.

for both the neutral and anionic forms of each isomer are
presented in Table 2.

4. Results

Figure 3 shows the photoelectron spectrum gbS. The
cutoff at low energies is a result of electron background from
the laser striking surfaces inside the machine. This background
is plotted as the dotted line and is estimated by recording and
analyzing electron events which occur when the anion beam is

centered at 1.0% 0.02 eV, and the appearance of another broad
feature which extends into the laser background. With the
current experimental setup, it is not possible to distinguish
between the possible candidates fale = 96 in the incident

than $SO,~. For $~ Nimlos and Ellison observed features at a
minimum binding energy of 2.10& 0.014 eV, with more
intense features appearing at 2.299.005 eV2° These binding
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Figure 4. Product translational energy distributioR(Er), and the
energy-dependent anisotropy paramej#(kr), of the dissociative
photodetachment of,8,~. Thex-axis is the photofragment translational
energy Er) and they-axis is the value of the anisotropy parametgr,
for a givenEr. Uncertainties in th@(Er) fit are shown as vertical lines
for each point.

the experimentally measured photofragment translational energy
release distributio\(Er), very closely matches the actiEr)
distribution. As a result, detector acceptance function (DAF)
correction methods which have been employed previously to
transformN(Er) into P(Er) are not necessary for the current
study andP(Er) is reported directly® Immediately visible in

the P(Er) spectrum are low and higBr regions; the lowEr
component extends to and peaks near 0 eV, while the Bigh
component peaks at 0.6860.02 eV. As discussed below, these
two regions are assigned to two different dissociation channels
for S,0,. B(Er) is determined by fitting to the electric dipole
model3435

P(Er., 0) = P(Ep)[1 + S(Er)P,(cos0)] (1)

whereP(Ey) is the photofragment translational energy release

distribution and Px(cos 6) is the second-order Legendre

polynomial in cosf. S(Er) can vary from—1 to +2, where a
- . value of—1 corresponds to a si® (perpendicular) distribution
not present. The spectrum is characterized by one broad featur%f photofragments around the polarization of the laser, a8d
corresponds to a cd9 (parallel) distribution. The energy-
dependent anisotropy parametg(tr), shown in Figure 4 has
two discernible regions. The first regionks = 0.0-0.4 eV,

where there is a roughly linear increase frgm= 0.5-1.0, a

Isomewhat parallel distribution of photofragments. The slope
B(Er) changes arouné&r = 0.4 eV and from 0.4 to 0.8 eV,
there is again a linear increase frgn= 1.0-2.0, a highly

parallel transition (cds distribution). Above 0.8 eV transla-

of

energies would correlate to features at 2.7 and 2.51 ev, tional energy,S remains at 2.0. The two regions frofy =

respectively, in the PES spectrum in Figure 3. These peaks are

0.0-0.4 eV and> 0.4 eV are correlated with the two regions

not observed and the onset of the presented spectrum isof the kinetic energy spectrum and are likely from two different

approximately 2.0 eV, well below that of3S SOQ,~ has a
vertical detachment energy (VDE) of 5440.1 e\#! and would

dissociation pathways available toCs. The mass spectrum
for this dissociation, not presented here, shows two peaks at 32

thus not be subject to photodetachment at the current photon@nd 64 amu. There is no evidence of dissociation into-50
energy of 4.80 eV. A 266 nm (4.66 eV) photoelectron spectrum SO or O+ $0; events with either of these mass ratios comprise
of Os~ shows features as high as 3.4 eV and also shows threel€Ss than 4% of the total events, compared to the estimated 5%

body DPD, unlike the current systefh32There is no evidence

false coincidence rate for these experiméftslsing charge

in the photoelectron spectrum for ionic photodissociation 9ating as described in the Experimental Section, no evidence

yielding S, &7, SG~, $07, or O products which may

was seen for either stable@ or dissociation into more than

undergo photodetachment by a second photon during the 1.2two particles.

ps laser pulse.

Figure 5 shows the photoelectron-photofragment correlation

Figure 4 shows the photofragment translational energy release spectrum for the DPD of &,~. The y-axis represents the

P(Er), and the energy-dependent anisotropy paramg(es,),

electron kinetic energy, theaxis the total photofragment kinetic

for the DPD of $SO,~. Owing to the effectively zero dead space energy, and the contours represent the number of events,

design of the detector as well as the dynamics 43,S DPD,

N(Er,eKE), with a given correlated electron kinetic energy and
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TABLE 3: Theoretical Energies and Experimental Adiabatic Electron Affinity (AEA) and Vertical Detachment Energy (VDE)
for S;0,. Energies in Hartrees except as Noted

B3LYP/ ZPE B3LYP/ QCISD(T)/ CCSD(T)/
6-311+G(d) 6-311+G(dy 6-311+G(d) 6-311+G(d) exptl

trigonal (Figure 1b,d)

anion energy —946.9405046 0.008207 —945.5134903 —945.5110435

neutral energy —946.8350458 0.009541 —945.4288651 —945.4264558

neutral at anion geometry —946.7980913 —945.3946611 —945.3913160

AEA (eV) 291 2.34 2.34

VDE (eV) 3.91 3.27 3.29 3.73 0.02
cis-OSSO (Figure 1a,c)

anion energy —946.9218950 0.006704 —945.4904741 —945.4873157

neutral energy —946.8336924 0.008014 —945.4299987 —945.4266325

neutral at anion geometry —946.8147325 —945.4160162 —945.4117131

AEA (eV) 2.44 1.69 1.68

VDE (eV) 2.95 2.09 2.06

a Zero-point energy (ZPE) corrections for the QCISD(T) and CCSD(T) levels taken from the B3LYP calculations (and are scaled by 0.9806 (ref
27) for AEA and VDE calculations). The zero-point energy for the neutral was used for the neutral calculated at the anion geometry.

25T . ™ , . S(3Zg7) + Ox(3Z47) of 1.53 eV36 This limit corresponds to
KEwmax for the DPD process
5 SO, +thh—S,+0,+e 3)
5, 5F
z 5. Discussion
E 1ok The photoelectron spectrum 0@~ shows no vibrational
2 ' resolution despite the fact that a stable neutral isomer is known
E to exist. Since no stableS, was found and a highly anisotropic
o 05T product angular distribution was observed, photodetachment
must be occurring to a repulsive portion of the potential energy
0oL surface (PES) of neutrabS,. Given the large geometry change
L 3 between the anion and the neutral, photodetachment outside of
. ] the stable well is not unexpected. Photodetachment to a repulsive
L ] region of the PES is also consistent with the laEgeseen in

: : : . Figure 4. The vertical detachment energy (VDE) is 3t76.02
O'OTrans(I)aiﬁonal éfergy Fljease%éo/ev)”’ eV based on the 1.0# 0.02 eV peak and the 4.80 eV photon
3
energy.
Single-point energy calculations on the anionic and neutral

for S,0,~. Each point represents the correlated photoelectron kinetic -
energy and photofragment translational energy release for a DPD event.gr(_)und states were performed at three different levels of theory

Lines (I) and (Il) represent the maximum energy available for the USiNg the B3LYP/6-311G(d) optimized geometry and com-
reaction $0,~ + hv — S + SO, + e producing S{P) and S{D), pared to experimental energetics. The results of these calcula-
respectively. Line (Ill) represents the maximum energy available for tions for the adiabatic electron affinity (AEA) and VDE are
the reaction 8,” + hw — §, + O, + €. To better visualize the  presented in Table 3. An experimental value for the AEA of
small amount of lower _kinetic energy data, the first two contours are S,0, is unknown, and is difficult to estimate from the data which
drawn at 5% and 10%, increasing by 15% for each successive Contour'results from photodetachment to a repulsive electronic state.
The predicted AEA and VDE of the trigonal isomer are larger
than those of the cis-OSSO isomer for all three levels of theory.
The difference between the AEA and the VDE for both isomers
reflects the large geometry change of the isomers between the
anion and neutral, and is larger in the case of the trigonal isomer
which undergoes more significant rearrangement between the
neutral and anionic forms. The theoretical values of the VDE
can be compared to results from the present experiment. In all
cases except for the B3LYP energetics for the trigonal isomer,
the calculated VDE is smaller than the experimental value. At
the CCSD(T) level, the calculated VDE is 0.44 eV lower than
the experimental value for the trigonal isomer and 1.67 eV lower
for the cis-OSSO isomer. Given the significantly better agree-
ment between the experimental and theoretical VDE for the
_ 1 _ trigonal isomer, the calculations are consistent with photode-
S0, +hw— S(3P) +SO(A) +e (2 tachment from the trigonal anion. However, calculations involv-
ing second row atoms and open shell anionic species are
Two additional diagonal lines are drawn at 1.24 eV (ll) and difficult, and can thus only be used as a guide.
0.86 eV (ll), where (ll) represents Kkx for production of Overall, the DPD of 80, at 258 nm leads to a larder,
S(ED) in reaction 2 and the difference in energy between (I) similar to that seen in the analogoug®yd~ anion3” P(Er) peaks
and (lll) is given by the OK heat of reaction for3g) + SO, — at 0.66+ 0.02 eV, but also has a component at lower kinetic

Figure 5. Photoelectron-photofragment correlation specti(&r,eKE),

photofragment kinetic energy. ThEr and eKE plots are
generated by integrating over the conjugate variable in the
correlation spectrum. As in the photoelectron spectrum, electron
energies below 0.30 eV are removed owing to strong laser
background. Due to conservation of energy, a diagonal line can
be drawn at Kigax (1) representing the maximum translational
energy release available for DPD. If it is assumed that this
maximum kinetic energy corresponds to products in their ground
electronic and vibrational states, any events occurring below
this line are representative of product rovibrational or electronic
excitation. Kkax = 2.39 eV is drawn at the 5% false-coinci-
dence contour level giving an estimated energy of 2:40.06

eV for the DPD reaction
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energies. The larg&r component must result from photo-

J. Phys. Chem. A, Vol. 106, No. 2, 200283

Calculations indicate that the ground state of neuts&l,$s

detachment to a highly repulsive region of the neutral potential a singlet. If the upper feature in the correlation spectrum is a
surface, a fact confirmed by the observation of a anisotropic result of excitation to a repulsive region of this singlet ground

angular distribution close to the limiting value of 2.0 at large
Er. The AH; of S;0, is unknown, but given that the reaction
SO+ SO+ M — (SO) + M occurs® AHy(S;0,) must be less
than the heat of formation of the two SO reactamsi:(S;0,)

< {2:AH{(SO)= 10.06 kJ/md).38 Using thisAH;, the reaction
S0, — SEP) + SOy (*A,) is exothermic by at most 29.63 kJ/
mol (0.31 eV). The photoelectron spectrum, peaking at eKE
1.07 eV, however, shows that the nascent neuti®,Ss
produced~1.3 eV above the 3P) + SOx(*A;) dissociation
asymptote at the peak of the distribution, providing significant
available energy for product translation.

state, the observed dissociation t6F(+ SOx(*A;) is a spin-
forbidden process. Spin-forbidden dissociation pathways have
been observed for sulfur-containing compounds such agCS
so this type of mechanism is well-known. In the photodisso-
ciation of Ns, dissociation to the spin-forbidden 1) + N>
product channel was accompanied by a significant amount of
vibrational excitation in M4! If there is significant vibrational
excitation in the S@ product upon DPD of $£,~, reducing

the energy available for translation, the observed,sEwill

be lower than the true value. Thus, 2410.06 eV represents

an upper bound for #0 K enthalpy of reaction 2, assuming
photodetachment from vibrationally cold anions. If the photo-

~ The photoelectron-photofragment correlation spectrum shown getached anions were vibrationally excited, more energy would
in Figure 5 provides important insights into the product channels pe ayailable for translation, possibly increasing the observed
and dissociation dynamics. Three regions are visible in the kg, ... An estimate of the upper limit of the effect of

spectrum, two centered above the highpeak, and one above

vibrationally excited (*hot”) anions can be calculated by

the lowEyr peak. The diagonal lines correspond to the energetic agssuming an anion temperature of 1000 K, although the actual

limits for creation of (I) S{P) + SO(*A.), (II) S(D) +
SO, (*A1), and (1) S(=g7) + 0(3%y7) as discussed in the
results section. Features (II) and (Ill) match well the two lower

temperature of the anions is expected to be lower. For this
estimate, it is assumed that all aniemeutral transitions have
the same FranekCondon intensity. Relative vibrational popula-

energy features of the correlation spectrum. This correspondenceions are calculated on the basis of the DFT/6-8GId)
with the known energy differences between these plausible frequencies shown in Table 2 (scaled by 676The energy

product channels provides confidence in the assignment and alsdncrease is determined from a population-weighted sum of the
implies that photodetachment is occurring from a single isomer energy of each vibrational mode. Based on this calculation, an
of S,0,™. This can be contrasted with the case g0, where anion temperature of 1000 K could increase the observeghiKE
evidence for two isomeric forms of the anion was obtained from by as much as 0.34 eV. However, only those vibrational modes
the correlation spectra for different product chaniélk. is with significant S-S bond stretch character, such as the SS
proposed that the reactions are occurring from a trigonal anionic stretch and the SObend, would be expected to contribute
geometry as seen in Figure 1d. There is no easily accessiblesignificantly to increased product translational energy. Including

pathway from cis-OSSO(Figure 1c) to form St SO,, which

only these modes (331 and 490 ¢hin the calculations results

is the lowest energy dissociation pathway. It is conceivable that in & potential increase in iax of 0.13 eV. Taking into account

a cyclic structure could allow for creation ofSOOS products,
but formation of OOS, calculated to lie more than 4 eV higher
than OSCG®8 is not energetically accessible at this wavelength.

On the other hand, for the trigonal structure, formation of mass

the uncertainty of the vibrational temperature of the anion, a
conservative upper bound foret® K enthalpy of reaction 2 is
241+ 0.14 eV.

However, the reduction in the apparent gk resulting from

32 and mass 64 products can proceed by fission of a singleProduction of vibrationally excited products is likely more

S—S bond. The highly parallel photofragment angular distribu-
tion also implies a simple bond fission with the transition
moment in the direction of the-SS bond.

The diagonal line (I11) is drawn at the maximum energy for

reaction 3 and correlates with the appearance of theHpw
and eKE region in Figure 5. Given the structure of the trigonal

significant than the increase arising from photodetachment from
hot anions. In the case of the NON,O bond energy, which
was determined to be 28 0.2 eV using PPC spectroscdpy
and 0.76+ 0.10 eV using flowing afterglow tandem mass
spectroscopy? the 1.22 eV discrepancy was proposed to arise
from the assumption in the PPC experiment that some vibra-
tionally cold products were formed. As with@G,, N3O, exhibits

molecule, this pathway is proposed to correspond to the a significant geometry change between the anionic and neutral

formation of an G-O bond and the breaking of two-% bonds.

forms which can result in vibrationally excited products. Since

To form the O-O bond, the two oxygen atoms must approach the effect from vibrationally excited products is likely to be
each other by excitation of the OSO bend. The elimination of |arger than the effect from hot anions, it seems reasonable to
O by this mechanism is expected to result in considerable retain 2.41 eV as the upper limit toetld K enthalpy of reaction

vibrational excitation, as previously observed in the £I0
molecule?® Given KEyax = 2.39, energy conservation dictates
that production of 8+ O, leaves only 0.86 eV of available
translational energy. Vibrational excitation of the froduct
further lowers the available energy, leading to the Ewplateau

in the correlation spectrum. If the cis-OSSO structure is

2.

Another possible mechanism for the DPD of0%, given
that photodetachment is not occurring to the stable portion of
the SO, well, is that excitation to a low-lying triplet state
of S0, is responsible for the upper feature in the correla-
tion spectrum, providing a spin-allowed pathway téP3(+

assumed, there is no straightforward explanation for the large SO,(2A,). The lower eKE features, yielding 8Y) + SO, and

shift in Er that occurs between the two reaction pathways. In

S, + O products, could then arise from photodetachment to a

both reactions 2 and 3 for the cis-OSSO isomer a cyclic structure low-lying excited singlet or a repulsive region of the ground
must be formed and two bonds must be broken. Figure 6 singlet state of 80, in order to be spin-allowed. As noted by

summarizes the energetics of DPD ofOg™ in terms of the
proposed dissociation pathways.

Marsden, the ordering of the singlet and triplet states in the
isomers of 30, is very dependent on the level of theory used,
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(=]
o
<
" KEnax = 2.39
—————Y 241
~L_ S(°P,) + 8O, + e
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I~ 0.61

cis-0SSO”
(CCSD(T)/6-311+G(d))

S,0, trigonal

Figure 6. Energetics diagram for DPD 06Q; ™. The calculated energy
for cis-OSSO over trigonal 90,~ at the CCSD(T)/6-311G(d) level
(Table 3) is shown in italics.

so further theoretical work on the energetics of the excited states

of S0, is needed.

6. Conclusions
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