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TWO-PHOTON DISSOCIATION OF SULFUR DIOXIDE AT 248 AND 308 nm
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The photodissociation of SO, after two-photon excitation at 248 and 308 nm has been studied by means of photofragment
translational spectroscopy (PTS). With 308 nm excitation, the time-of-flight distributions of the SO photofragments exhibit high-
kinetic-energy thresholds which are assigned to the formation of SO(X 3£~ ) +O(°P), SO(X 32~ )+O('D), and SO(a'A) +O(°P).
A weak vibrational structure indicates the production of SO(a 'A) molecules in vibrational states up to at least v=8. After exci-
tation at 248 nm, nine different primary processes are clearly identified leading to SO+ O as well as to S+ O, fragments in various
electronic states. All observed kinetic energy thresholds conform to a dissociation energy Dy= 543 kJ/mol (45400 cm—"') for the
reaction SO,—SO+0 and Dy= 569 kJ/mol (47600 cm~!) for the reaction SO,—S+O,. Evidence was found for the formation
of higher SO electronic states in the energy region 28000-31000 cm ™!, in particular for the previously not observed SO(A” 3E+)
state which possesses a term energy T, close to 30000 cm . Furthermore, the PTS method, in providing a direct way to determine
the electronic states of each individual fragment of a fragment pair, revealed that the spin is not conserved in the SO,-»S0+0

dissociation.

1. Introduction

The primary process of the photolysis of sulfur
dioxide
hy

SO,— SO+0 (1)

following excimer laser excitation at 193 nm has been
studied extensively under collisionless conditions [ 1-
3]. The photofragments are formed in the electronic
ground state and the decay mechanism has been pro-
posed to be predissociation. Based on the sudden de-
crease of the fluorescence yield and the fluorescence
lifetime, the dissociation energy D, was determined
to be 543 kJ/mol (45400 cm~—"') [4]. Less is known
about the photodissociation processes from higher
excited electronic states of SO,. The VUV spectrum
recorded between 220 and 105 nm [5] revealed sev-
eral diffuse absorption bands below 135 nm which
were attributed to transitions to a Rydberg system
[5,6]. A weaker absorption band between 135 and
160 nm has not yet been assigned. The gas phase pho-
tochemistry of SO, after excitation at 116.5, 123.6,
and 147 nm has been investigated by Lalo and Ver-
meil [7], who reported evidence of the production
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of sulfur atoms in the electronic states *P and 'D ac-
cording to the primary reaction

hy

SO, — §+0,. (2)

A particularly convenient way to create highly ex-
cited SO, molecules can be achieved by a resonant
two-photon absorption process as indicated in the
energy level scheme of fig. 1. Using a laser pulse of a
few nanoseconds duration, absorption of a first UV
photon leads to the mixed B-A state which, favored
by its long lifetime (10'-10% us) [8], can absorb a
second photon of the same laser pulse. This excita-
tion mode has been used at 248 nm by Wilson et al.
[9], who observed the formation of SO(X 3X~) and
S(3P) in the electronic ground state by utilizing the
same laser pulse to probe the fragments with the LIF
method. Under the same excitation conditions also
Fotakis et al. [10] reported the production of
SO(X3Z). Wildt et al. [11] used 248 nm excita-
tion for the production of the SO(b !X *) species and
proposed a mechanism that involves either a reso-
nant two-photon absorption or a one-photon absorp-
tion by the parent followed by a chemical reaction
with a ground state SO, molecule. With two photons
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Fig. 1. Energy level scheme illustrating the energetics of the for-
mation of SO+O fragments in various electronic states after two-
photon dissociation of SO, at 248 and 308 nm. The three highest
indicated electronic states of SO, around 80000 cm~* have been
assigned as Rydberg states. Some vibrational levels are shown for
the production of SO(X 32~ ) +O('D) atoms.

in the 285-311 nm region, Venkitachalam and Ber-
sohn [12] identified by LIF detection the dissocia-
tion products SO(X *X~) and SC°P, 'D).

In the present work we report results of a compre-
hensive two-photon dissociation study on SO, using
excimer laser excitation at 248 and 308 nm. The ex-
periments were carried out under collisionless con-
ditions, using a high resolution time-of-flight appa-
ratus equipped with a rotatable pulsed molecular
beam source. The photofragments SO, O, S, and O,
were found to be produced in various electronic states
according to the schemes:

308

SO, —— S0,(B, &)

308

—— SO% »SO(X 3Z-)O(°P)
~S0(a'A)+0(%P)
SO(X32~)+0('D),

248

SO, —— S0,(B)

248

——— 80,(G)—SO(X3%~)

O(C’P)
e [*loum,
S0,(G) »0,(X 3%, )+S(°P)
—0,(X3E;)+S('D)
-0,(a'Ay) +S('D) . (3)

These primary processes were identified by the high-
kinetic-energy thresholds observed in the photofrag-
ment time-of-flight (TOF) distributions. Further en-
ergy thresholds can be assigned to the formation of
higher electronic states of SO, notably the previously
not observed A” 3L+ state.

2. Experimental

The experiments were performed with an appara-
tus consisting of a pulsed molecular beam source, a
high vacuum scattering chamber, and a quadrupole
mass spectrometer. The pulsed molecular beam was
generated with a home-built piezoelectric valve with
a 0.3 mm diameter orifice. The beam source is lo-
cated within a differentially pumped vacuum cham-
ber which can be rotated about the propagation di-
rection of the photodissociation laser. After a flight
path of 34.5 cm the photofragments were ionized,
mass selected and detected by means of a quadrupole
mass spectrometer (Balzers QMA 160). The elec-
tron bombardment ionizer of the latter was housed
in a triply differentially pumped UHV chamber with
a vacuum of 2X 10~ !° mbar. A multichannel scaler
(800 channels, 1 pus dwell time) was used to measure
the arrival time distribution of the detected ions. The
time-of-flight distribution of the neutral photofrag-
ments was obtained by subtraction of a small time
offset resulting from the transit time of the ions
through the mass filter.

The rare gas halide excimer laser (Lambda Physik
EMG 101 MSC) provided a pulse energy of 300 mJ
at 248 nm (KrF* emission) and 70 mJ at 308 nm
(XeCl* emission). The unpolarized laser light was
focused to a spot size of about 3 mm X 3 mm giving
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rise to a peak intensity of 200 MW /cm? and 45 MW/
cm?, respectively. Most of the experiments were per-
formed using a mixture of 5% SO, seeded in helium
at a stagnation pressure of 400 mbar. In some exper-
iments at 248 nm, a 25% mixture in helium at a stag-
nation pressure of 100 mbar or a 5% mixture in neon
at 400 mbar was used. The velocity distribution of
the molecular beam was determined by the method
of laser induced hole burning yielding a most proba-
ble beam velocity of 1310 and 755 m/s with associ-
ated full-width-at-half-maximum (fwhm) values of
11 and 35% for the 5 and 25% mixture in helium,
respectively. In the case of the neon mixture a value
of 765 m/s and a fwhm of 9% was obtained.The
translational energy resolution of a TOF experiment
depends on experimental parameters like the detec-
tion angle, the velocity distribution of the molecular
beam, and on the translational energy itself. Typical
values are 1500 to 1000 cm~! in the high-kinetic-
energy part of the spectra and + 300 cm~! in the low-
kinetic-energy region.

The pulsed molecular beam and the laser were op-
erated with a repetition rate of 40 Hz. Photofragment
TOF distributions were recorded at several molecu-
lar beam angles &, with the mass filter set at m/e=32
and 48. The TOF signal at m/e=48 originates from
the SO photofragments produced in reaction (1). The
S and O, fragments from reaction (2) are detected at
m/e=32 but the resulting spectra are complicated by
the overlap with a signal from SO which contributes
by way of its ionization product $*. Typical photo-
fragment count rates were one count per laser shot at
the smaller detection angles ©=15 and 21° and 0.3~
0.5 counts per shot at the larger detection angles
6=36 and 45°. In order to obtain a satisfactory sig-
nal to noise ratio 150000~-840000 laser shots were ac-
cumulated for each TOF distribution.

3. Results
3.1. Photodissociation at 308 nm

The TOF distributions of the SO photofragments
recorded at this excitation wavelength are shown in
fig. 2. Several kinetic energy thresholds are distinctly
resolved in the TOF distributions and are assigned to
a two-photon dissociation of SO, leading to oxygen
atoms and sulfur monoxide in various electronic and
vibrational states. The assignment is based on the fact
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Fig. 2. Two-photon dissociation of SO, at 308 nm: TOF distri-
butions of the SO photofragments (71/e=48) recorded at detec-
tion angles 8=15, 21, 36, and 45°. The solid lines are calculated
with the P(Ey) function shown in fig. 3.
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that all observed high-kinetic-energy thresholds are
in excellent agreement with those calculated from the
known values of the electronic and vibrational exci-
tation energies of the fragments by applying the con-
servation of energy

Er=2hv—Dg~Ey —E—Epo; - (4a)

Here, E; denotes the total translational energy of the
fragment pair, E,, the total electronic excitation en-
ergy of both fragments, and E,;;, and E,,, the vibra-
tional and rotational energy of the diatomic fragment
respectively. For the diatomic fragments in the vibra-
tional and rotational ground state (or low J states ac-
cording to the resolution of our apparatus) the ki-
netic energy becomes

Er=2hv—Do—E,, (4b)

and is identical to the high-kinetic-energy threshold
for the formation of the fragment pair in the elec-
tronic state specified by F.,. In a similar way, the high-
kinetic-energy thresholds for the production of rota-
tionally cold diatomic fragments in specified vibra-
tional states are given by

ET=2hV—D0—-Ee|—Evib . (4C)

The total translational energy of the fragment pair is
calculated from the kinetic energy of the detected
fragment using linear momentum conservation. The
high-kinetic-energy thresholds indicated in figs. 2a-
2d are calculated from a single Newton diagram us-
ing the most probable molecular beam velocities that
are given in section 2. Under our experimental con-
ditions (pulsed supersonic molecular beams of SO,
seeded in rare gases), the internal energy of the SO,
parent molecules can be neglected in eq. (4).

The TOF distributions recorded at ©=45° (fig. 2a)
and &=36° (fig. 2b) show two thresholds at flight
times corresponding to total translational energies Ey
of 19500 and 13600 cm~!, The first threshold indi-
cates the formation of both fragments in their elec-
tronic ground states, i.e. SO(X3Z~) and O(?P),
whereas the second one can be attributed to electron-
ically excited SO(a'A) produced in coincidence with
O(>P) atoms. An additional dissociation channel is
observed at &=21° (fig. 2c¢) and €=15° (fig. 2d).
These TOF spectra exhibit several components which
result from the production of excited O('D) atoms
and SO(X 3£-) in the vibrational states v=0, 1, and
2. The formation of v=3 is energetically also possi-

ble, but these slow photofragments are hardly detect-
able with our apparatus due to the relatively large
molecular beam background at the small detection
angle required.

The solid lines in fig. 2 are TOF distributions cal-
culated with the translational energy distribution
P(E1) shown in fig. 3. This calculation takes into ac-
count the transformation from the laboratory to the
center-of-mass reference frame and all known exper-
imental effects influencing the resolution of the mea-
sured TOF distributions, namely the angular diver-
gence of the molecular and photofragment beams
(2.2° and 0.8°, respectively), the effective ionizer
length (5 mm), the size of the laser focus (3 mm X3
mm ), and the velocity distribution of the molecular
beam. The P(Ey) function was chosen as a superpo-
sition of the form [13]

P(Er)= ), C{B;—Er)#(Ex —A4,)™. (3

This type of function has well defined lower and up-
per energy thresholds A; and B; respectively, and a
sufficiently flexible shape owing to adjustable expo-
nents. The values for B; were determined from the
energy conservation via eq. (4) using the electronic
excitation energies listed in table 1 and the vibra-
tional energies E.;, calculated from w,=1151 cm™!
and w.x.=6.4 cm~! [16] in the case of SO(X X )
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Fig. 3. Two-photon dissociation of SO, at 308 nm: photofrag-
ment translational energy distribution P(Ey) of reaction (1) in
the center-of-mass reference frame. Some vibrational states of SO
are indicated.
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Table 1
Threshold energies » for the formation SO+O and O,+S frag-
ments in various electronic states ®’

O(P) O('D) 0O('s)

SO(X3z7) 0 15868 33793
SO(a'A) 5862 21730 39655
SO(b'Z*) 10469 26337 44262
SO(A ) 38293 54161 72086

S(’P) S('D) S('s)

0,(X3Z;) 0 9239 22180
O(a'Ay) 7882 17121 30062
0.(b'E}) 13121 22360 35301

*) The energies are given relative to the ground state fragments.
®) The data were taken from the refs. [14,15], the energy unit is
cm~!.

$0,2M 50+ 0

SO(X) SO(a) SO(X)
+oépm  +0CP) +o('p) VBeam

Fig. 4. Newton diagram illustrating the kinematics for the detec-
tion of the SO photofragments in various vibrational states formed
by two-photon dissociation at 308 nm. The circles represent the
maximum recoil velocities for the indicated primary processes.

and from w,=1115cm~"! and w.x,=6.8 cm~! [17]
in the case of SO(a'A).

The vibrational structure resulting from the pro-
duction of O('D) +SO(X 3Z~) is well resolved and
allows us to determine the rotational energy distri-
bution in v=0 and 1. For v=2 only the rotationally
colder part is detectable at @=15° as illustrated by
the Newton diagram in fig. 4. The rotational energy
distribution is narrow and nearly the same for v=0
and 1 with a fwhm of ~ 500 cm~—! and a maximum
which, according to the rotational constant of SO
[18], corresponds to J =~ 26 for both vibrational states.

The TOF distributions recorded at =45 and 36°
(figs. 2a and 2b) show evidence of a weak vibra-
tional progression of the SO(a !A) fragments up to at
least v=8. The branching ratio of the three dissocia-
tion channels observed can be estimated from the
P(Ey) distribution displayed in fig. 3 as

SO(X*2-)+0(?P):S0(a'A)+O(’P)
:SO(X’E-)+0('D)~1:2:1.

No energy threshold is discernible for the forma-
tion of SO(b!'Z*)+O(3P), although it is energeti-
cally possible. However, a minor contribution from
this channel cannot be excluded.

Additional TOF distributions were measured at
m/e=32. As already mentioned, at this m/e ratio S
and O, fragments formed in reaction (2) should be
detectable as well as SO fragments originating from
reaction (1). These TOF distributions (not shown
here) have contributions from fast photofragments
which can only be formed in reaction (2). (Although
reaction (2) is slightly more endothermic than reac-
tion (1), the fragments formed in reaction (2) can
reach a higher recoil velocity than the heavier SO
fragment.) However, no obvious kinetic energy
thresholds are detected in the high kinetic energy parts
of these spectra.

3.2. Photodissociation at 248 nm

The experiments at 248 nm were carried out with
the mass filter settings m/e= 32 and 48 using various
detection angles €. Selected TOF distributions are
displayed in figs. 5-7. The spectra are highly struc-
tured and allow the identification of several dissocia-
tion channels. The energetics of all the observed high
kinetic energy thresholds conforms with a resonant
two-photon dissociation process. Unfortunately, ex-
traction of a branching ratio for reaction (1) is not
possible due to the strong overlaps from contribu-
tions of the different reaction channels.

The spectrum of fig. 5a, recorded at m/e=48 with
6=36°, shows a steep threshold at 115 us
(Ex=35000 cm~!') due to the formation of
SO(X 3Z~) and O(®P). At increasingly longer flight
times further kinetic energy thresholds indicate the
formation of SO(a'A)+O(3P), SO(b'Z*+)+0(°P),
SO(X32-)+0('D), SO(a'A)+0('D) and
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Fig. 5. Two-photon dissociation of SO, at 248 nm: TOF distri-
butions recorded at m/e=48, &=21 and 36°. The calculated high
kinetic energy thresholds for the formation of oxygen atoms and
sulfur monoxide molecules in various electronic states are
indicated.

SO(b'Z*)+0('D). An additional, prominent
threshold is observed at ~250 ps with an associated
translational energy Et of ~6500 cm~!. The same
features are observed at correspondingly shorter flight
times in the TOF distribution measured at @=21° as
indicated in fig. 5b. Two further steps corresponding
to E1+= 4600 and 5900 cm ! are discernible at @=45°
(figs. 6a and 6b). As will be discussed in section 4,
these thresholds are attributed to the formation of SO
fragments in higher electronic states in coincidence
with ground state oxygen atoms. The generation of
oxygen atoms in the higher excited 'S state in com-
bination with ground state SO molecules is also en-
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Fig. 6. Two-photon dissociation of SO, at 248 nm. TOF distri-
bution recorded at m/e=48, ©=45°, using (a) a 25% mixture
of SO, in helium and (b) a 5% mixture of SO, seeded in neon as
carrier gas. Several high kinetic energy thresholds and the corre-
sponding translational energies Er are indicated.

ergetically allowed, but these fragments would pos-
sess merely about 1200 cm~! of available energy and
are, therefore, hardly detectable in our experiment.
In order to detect photofragments from reaction
(2), several TOF distributions were recorded at a
mass filter setting of m/e=32. As shown in figs. 7a
and 7b for =36 and 21 °, new components with high
recoil velocity are found. These are assigned to the
following dissociation products: S(’P)+
0,(X3%; ), and S(!D) +0,(a 'A;). Evidence of fur-
ther dissociation channels leading to higher excited
states of S and O, is prevented by the strong super-
position of the contributions from reactions (1) and

(2).
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Fig. 7. Two-photon dissociation of SO, at 248 nm: TOF distri-
bution recorded at m/e=32, =21 and 36°. The calculated high
kinetic energy thresholds for the production of sulfur atoms and
oxygen molecules in various electronic states are indicated.

4, Discussion

4.1. General remarks

The results of this investigation confirm that highly
excited SO, molecules are readily generated via res-
onant two-photon excitation at 308 or 248 nm even
in a beam experiment. The large fluence of a pulsed
excimer laser overcomes the small absorption cross
section (G30s~ 3 X 10~'% cm?; 0345~ 8 X 10~2° cm?) of
the first excitation step. Under our experimental con-
ditions, approximately 35% (248 nm ) and 30% (308
nm) of SO, molecules in the interaction volume are

promoted to a bound intermediate state. This state
has a strongly mixed B('B,)-A('A;) character aris-
ing from vibronic coupling, mainly through the v5(b,)
mode [8]. The spectroscopic features of the complex
structure of the UV absorption spectrum in the 308-
248 nm region and the dynamics, in particular the
unusually long fluorescence lifetime, have been re-
viewed [8]. The cross section for the second excita-
tion step at 248 nm was estimated by Wilson et al.
[9] to be larger than 10-'% cm?. Hence, the second
absorption process is saturated under our excitation
conditions and the same should be the case for the
second absorption step at 308 nm according to the
pronounced depletion of the molecular beam mea-
sured in our hole-burning experiments.

The dissociation energy of reaction (1) has been
determined experimentally to be Dy=543 kJ/mol
(45400 cm—!') and that of reaction (2) is Dy=569
kJ/mol (47600 cm~') based on known thermody-
namic data [ 14]. Our results corroborate both values
as all of the observed kinetic energy thresholds can
be fit accurately with these dissociation energies.
Thus, following excitation into the high energy re-
gion at 64900 cm™! (2x308.1 nm) or 80400 cm~!
(2X248.8 nm), SO, undergoes dissociation with a
large amount of excess energy. At 308 nm photofrag-
ments are generated with an energy of 19500 cm—!
(reaction (1)) and 17300 cm—" (reaction (2) ) while
at 248 nm the corresponding values are 35000 and
32800 cm ™, respectively. This excess energy is equal
to the available energy that is distributed among the
various degrees of freedom of the photofragments.
The electronically excited product states that are en-
ergetically accessible in our experiments can be drawn
from table 1 (cf. fig. 1).

4.2. Photodissociation at 308 nm

Venkitachalam and Bersohn [12] have explored
the photochemistry of SO, in the wavelength region
285-311 nm and have shown by LIF detection that
SO(X 3Z-) and sulfur atoms in the electronic states
3P and 'D are formed consistent with a two-photon
dissociation process. Our TOF spectra revealed that
upon 308 nm excitation the photofragments SO and
O are produced by three different dissociation chan-
nels, namely
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(1) SO(X*2-)+0(P),
(2) SO(a'A)+O(°P) ,
(3) SO(X’2-)+0('D).

The electronically excited SO(a'A) fragments are
also vibrationally excited (up to at least v=8, cf. figs.
2a and 2b) showing that two-photon dissociation at
308 nm is a suitable method for the preparation of
this reactive species. The branching ratio of the three
channels is estimated to be 1:2:1, i.e. about equal
amounts of ground state SO(X 3~ ) and electroni-
cally excited SO(a'A) are produced in the primary
process. The majority of the photofragments is
formed as pairs of a singlet and a triplet state frag-
ment (total spin S=1) thus implying heavy admix-
ture of triplet character in the excitation or dissocia-
tion process. This is not surprising in view of the
strong spin-orbit coupling in sulfur containing mol-
ecules (heavy atom effect).

A part of the TOF signal at m/e=32 must origi-
nate from S and O, photofragments formed in reac-
tion (2). At 308 nm excitation this channel is, how-
ever, much less important than the one leading to
SO+ O. It is interesting to note that this finding agrees
with the result of Lalo and Vermeil [ 7], who studied
the one-photon process by exciting SO, at 147 nm.
The low relative yield of reaction (2) might be asso-
ciated with a high energy barrier involved in the for-
mation of a cyclic transition state following one- or
two-photon absorption into the 150 nm region of SO,.

4.3. Photodissociation at 248 nm

Using two-photon excitation at this wavelength,
previous studies have demonstrated that SO(X 3 )
[9,10] and S(®P) [9] are the primary dissociation
products. In addition, Lalo and Vermeil [7] have
found evidence for the formation of S(°P) and S('D)
after one-photon excitation of SO, at 123.6 nm. New
information revealing the complexity of this reaction
system are obtained from the TOF distributions
shown in figs. 5-7. Kinetic energy thresholds clearly
indicate the production of SO in the electronic states
X3%-,a'A, and b!'T*, each one formed in combi-
nation with ((?P) as well as O('D). In addition to
these six reactions, further thresholds evident in the
TOF distributions of the SO fragments imply the ex-

istence of further channels. These thresholds are lo-
cated in the translational energy region between 4000
and 7000 cm~!, which corresponds to an internal en-
ergy range 28000-31000 cm !,

Sulfur monoxide is proposed to possess three elec-
tronic states in the region between 28000 and 31000
cm™!, namely one singlet state, denoted by ¢ 'X—, and
two triplet states A’ 3A and A” 3T+ (cf. fig 1 top).
These states arise from the same electronic
...(n)3(n*)3 configuration. However, there exists still
some ambiguity about the accurate term energies.
Experimental information about the ¢ !X~ state has
been obtained from chemiluminescence spectra as-
signed to the ¢ !X~ (v’ =0)—-a’A(v”) transition of
SO. Due to different vibrational labelling, Lee and
Pimentel [19] deduced a value for the 0-0 transition
of vyo=21363 cm~', whereas Tevault and Smard-
zewski [20] obtained voo=22540 cm~'. After the
addition of the experimental term value of the
SO(a'!A) state, T,=5862 cm~! [15], the above
choices for vy, lead to term values of the ¢ state of
27225 and 28402 cm~!, respectively. A second band
system was found by Tevault and Smardzewski {20]
and was assigned to the A’ 3A(v' =0)->X3Z-(v")
transition with a term value 7,=28400+1150 cm~!
for the A’ state. Again, the error bounds arise from
an uncertainty in the vibrational numbering. Fur-
thermore, these authors could not strictly rule out the
A" state to be responsible for the observed band sys-
tem. In order to clarify the contradictions in the
interpretations of these experimental results, Swope
et al. [21] performed CI ab initio calculations and
found for the ¢, A’, and A” states the following exci-
tation energies 7T relative to the minimum of the po-
tential energy curve of the ground state:
T.(c'E)=28100 cm~!, T.(A’ 3A)=29200 cm™~',
and T.(A” 3Z*)=30200 cm~"' (error bounds + 300
cm~!). After subtraction of the energy difference
T.— T, (w, was calculated to be about 700 cm~! for
all these excited states [21]) the energies of the 0-0
transition are predicted to be 27900, 29000 and 30000
cm~!,

At this point we note that internal energy thresh-
olds at 28500, 29100 and 30400 cm—! were detected
in the m/e=48 TOF distributions shown in figs. 5-
7. The excellent agreement between these measured
values and those predicted by the calculation, per-
mits us to assign the threshold at 30400 cm~! to the
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formation of SO(A” 3Z*) in coincidence with O(°P)
atoms. The other two thresholds cannot be assigned
unambiguously. The calculated term energies would
suggest that the threshold at 28500 cm ! is due to the
formation of SO(c !X~ ) and the threshold at 29100
cm~! to the formation of SO(A’ 3A), both in com-
bination with O(°P) atoms. Consequently, the vi-
brational labelling of the c—a transition in ref. [20]
would be the correct choice, leading to T,=28400
cm~! for the ¢ !X~ state. In accordance with such an
assignment, the A’—>X transition should be de-
scribed by shifting the vibrational quantum numbers
by one unit thus yielding a term value at the upper
error limit which is To(A’ ?A)=29500 cm™!.

The fact that a large part of the fragments are
formed as pairs of singlet and triplet states indicates
strong singlet-triplet mixing in the Rydberg G state
excited by two 248 nm photons. The contribution of
reaction (2) is much larger at this excitation wave-
length compared to 308 nm. From the many pro-
cesses which are energetically allowed, the formation
of 0,(X3Z;)+S(®P) and of excited O (a'A,)+
S('D) can be unambiguously derived from the TOF
distributions of fig. 7. A further threshold corre-
sponding to E+=9000 cm—! is most probably due to
the formation of O,(X 3Z; ) +S('D) with a possible
additional contribution of O,(a'A;)+S(°P) (cf.
threshold energies given in table 1).

4.4. Final remarks

The discussion of our experimental results is based
on the observation of numerous thresholds in the TOF
distributions of the photofragments of SO,. The
thresholds were found to agree well with the energet-
ics involved with the formation of SO, O, S and O,
in their known electronic states and were taken as
evidence for the production of these species. For an
accurate determination of these thresholds, an appre-
ciable fraction of the fragments has to be produced in
v=0 and in low rotational states. Since the TOF dis-
tribution reflects the total internal energy distribu-
tion of both fragments [22], the occurrence of dis-
tinct thresholds is favored when small fragments are
produced, like a diatomic molecule and an atom in
the dissociation of SO,. The relatively large excita-
tion energy of O(!D) implies that in the case of re-
action (1) the contributions from O('D) do not

overlap with those from the lower electronically ex-
cited states of SO, simplifying the TOF spectra con-
siderably. As discussed above, additional thresholds
were detected at long flight times in the TOF distri-
butions at m/e=48 and were attributed to higher
electronic states of SO.

Finally, we note that all the energy thresholds ob-
served in our TOF spectra agree with the dissociation
energies of reactions (1) and (2) (cf. section 4.1).
In particular, the maximum translational energy re-
lease upon formation of ground state SO and O frag-
ments was determined using three different excita-
tion conditions, namely 193 nm (via the C state) [3],
at 2X 308 nm, and at 2X248 nm. The observed ki-
netic energies of 6300, 19500 and 35000 cm—!, re-
spectively, are all consistent with D;=45400 cm~—!,

5. Conclusion

The present work provides a detailed picture of the
numerous primary photochemical processes that oc-
cur after excitation of SO, into high electronic states
at about 8 and 10 eV. Essentially all energetically al-
lowed channels of reaction (1) are found to be oper-
ative. The pronounced “nonselectivity” (also with
respect to electron spin) suggests that potential en-
ergy surface crossings and strong spin—orbit coupling
are effective, notably following preparation of the
Rydberg state with two 248 nm photons.

Previous studies have shown that both reactions
(1) and (2) take place after two-photon excitation
at 248 and 308 nm by identifying the products X 3X -
{9,101 and S(°P) [9] and SO(X 32~ ) and S(°P, 'D)
[12], respectively. Our TOF distributions revealed
that SO photofragments are also produced in a vari-
ety of electronically excited states in combination with
oxygen atoms formed in the 3P and 'D state as sum-
marized in the reaction scheme (3). Most impor-
tantly, we showed in which electronic states the frag-
ment pairs were produced in the primary processes.
This information is a consequence of the linear mo-
mentum conservation that correlates the velocity of
the detected fragment with the total internal energy
of the fragment pair. Knowledge about this correla-
tion is a prerequisite to determine whether the total
spin is conserved in a photodissociation process and
it can be obtained in a very direct way from a high
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resolution velocity experiment carried out with e.g.
the PTS method. Moreover, since the detection sen-
sitivity of this method is essentially independent of
the electronic state of the fragment being probed (in
contrast to most spectroscopic techniques), the
branching ratios of the various reaction channels can
also be extracted from such measurements. Finaily,
information about the term energies of several higher
electronic states of SO was obtained.
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