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Abstract

The kinetics and mechanism of the 193 nm laser flash photolysis of FSO,OF in the presence of O, and the bath gases N, and CF, were
studied at 295 and 383 K. FSO; radicals and F atoms are formed in the primary photolytic process. Subsequently, the FO, radicals, produced
by the combination of F with O,, react with FSO; leading to the intermediate trioxide FS(O,)OOOF. To explain the build-up of the room-
temperature, time-resolved absorption signals observed at 450 nm, the formation of the novel FS(0,)00O radical, via F atom abstraction
from the trioxide by FO,, is proposed. FS(Q,) 000 then dissociates unimolecularly on a millisecond timescale into FSO; and O,. This radical
is not formed by recombination of FSO; with O,. At 383 K, the faster thermal decomposition of FO, radicals precludes the formation of

FS(0,;)000. © 1997 Elsevier Science S.A. All rights reserved.
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1. Introduction

Fluorine fluorosulphate (FSO,OF) exhibits hypofluorite
properties and behaves as a powerful oxidizer. The thermal
unimolecular decomposition of this compound leads to the
formation of F atoms and fluorosulphate radicals (FSO;) by
breaking of the OF bond [1]. An identical primary process
occurs in UV photolysis [2,3]. However, in this case, the
FSO, radicals are initially formed in the B2E electronic state,
which is subsequently deactivated by collision to vibration-
ally excited levels of the electronic ground state and, finally,
to thermalized radicals [4].

In the absence of F atom scavengers, the FSO,OF photo-
dissociation is followed by the recombination reaction

F+FSO,+M — FSO,0F +M (1)

which leads to its re-formation. The pressure (5-600 Torr of
M=He, N,, CF, and SF) and temperature (298-378 K)
dependences of reaction (1) have recently been investigated
[3]. The results have shown that this reaction is in the fall-
off range between second- and third-order kinetics.

Several steady state studies carried out in our laboratory
by Schumacher and coworkers [5-10] have demonstrated
that, over the 263-523 K temperature range, the addition of
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0, has no influence on reaction systems in which FSO; plays
the central role. However, the FO, radical, which is produced
mainly at lower temperatures by the termolecular reaction

F+0,+M—>FO0,+M (2)

does not lead to a global kinetic effect under steady state
conditions. Therefore the participation of this radical in these
mechanisms should be elucidated. The kinetics of FO, reac-
tions have recently been explored in direct experiments.
These investigations have shown that FO, exhibits a varied
reactivity with species such as CO, NO and NO, [11,12].
Therefore the reaction of the FO, radical with FSO, also
appears to be of interest.

Continuing our time-resolved studies on the chemistry of
the FSO, radical {3,4,13-20] [22], in the present work we
have investigated the kinetics and mechanism of the photo-
chemical decomposition of FSO,OF at 193 nm in the pres-
ence of O,. A mechanism which explains satisfactorily all the
experimental observations is postulated. In this scheme, the
intermediate species FS(0,)O0O0F and FS(0,)000 have
been invoked for the first time.

2. Experimental technique

The excimer laser photolysis/absorption spectroscopy set-
up has been described previously [3,4,13-22]. F atoms and
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FSO; radicals were generated with a quantum yield of essen-
tially unity by the photodissociation of FSO,OF with a pulsed
ATrF excimer laser (Lambda Physik EMG 101 MSC; emission
at 193 nm) [3]. In the presence of sufficient O,, the F atoms
are quantitatively converted into FO, by reaction (2). As
mentioned above, in O,-free systems, reaction (1) is solely
operative and, consequently, the temporal dependence of the
FSO, absorbance monitored at 450 nm follows a strict sec-
ond-order decay [3]. However, completely different absorp-
tion traces are found when O, is present, as shown in the
following section. This indicates that FSO; is not the only
transient species monitored under these conditions. The evo-
lution of the intermediates was probed in real time by absorp-
tion spectroscopy using a 150 W Hanovia Xe arc lamp
(901C-1) as light source. A crossed beam geometry between
the photolytic and spectroscopic light beams was used in the
present static experiments. After the reaction quartz cell
(absorption path length, 2.4 cm), the analytical light was
directed onto the entrance slit of a prism double monochro-
mator (Zeiss MM12), equipped with a photomultiplier tube
(RCA 1P28). Following amplification, the signals were
monitored on a digital storage oscilloscope (Nicolet 2090).
The determinations were made at spectral resolutions within
the 3.04.0 nm wavelength range. Typically, five to ten laser
shots were averaged to obtain signals with a signal-to-noise
ratio suitable for quantitative kinetic analysis. The traces were
subsequently transferred to a computer for storage and proc-
essing. A pyroelectric detector (Gentec ED-500) was
employed to determine the laser pulse intensities incident on
the reaction cell. The gases were handled in a conventional
Pyrex vacuum system, and the pressures were measured with
a calibrated pressure transducer (MKS Baratron, type
310CA) and with a quartz spiral gauge. Most of the experi-
ments were conducted at an ambient temperature of 295 + 2
K and a few at 383 +3 K.

FSO,OF was synthesized by photolysis of a mixture of F,
and SO; in a Pyrex reactor with a Hanau Q700 mercury arc
lamp [23]. The reaction products, FSO,OF and peroxydi-
sulphuryl difluoride (F,S,04), were condensed at 195 K. The
volatile fraction at 163 K resulting from the trap-to-trap dis-
tillations consisted of FSO,OF. The purity of FSO,OF was
checked by IR spectrophotometry. The bath gases used have
the following stated minimum purities: N, and O,, 99.99%
(La Oxigena); CF,, 99.7% (Matheson). These gases were
passed through a trap cooled at 153 K and stored in Pyrex
flasks.

3. Results and discussion

To elucidate the reaction mechanism and to extract the
kinetic data from the absorption signals, it is essential to know
the nature of the species responsible for the absorption at 450
nm. FSO,; shows a strong discrete band with an origin at 516
nm assigned to the C2E « XA, electronic transition [24].
This band is partially overlapped by a continuum which

decreases in intensity from approximately 470 to 340 nm
[16,20,24]. However, FO, radicals formed by reaction (2)
absorb weakly at the monitoring wavelength, the absorption
cross-sections for the FSO, and FO, radicals being
o(FSO;) =3.64%x10"" cm? molecule™' [13] and
o(FO,) =1.4%X 107" cm® molecule ' [25]. However, the
kinetic evidence presented here indicates that another tran-
sient species is mainly responsible for the signals detected in
the 193 nm laser flash photolysis of FSO,OF-O,—-N, or CF,
mixtures. Fig. 1 shows the time dependence of the absorbance
monitored at 450 nm. The marked decay is ascribed to both
the collisional removal of the generated vibrationally excited
FSO; radicals [4] and to reaction (1) [3]. As the F atoms
are quantitatively converted into FO, via reaction (2) within
less than 25 us, the concentration of FSO; radicals at the
minimum absorption in Fig. 1 is higher than that observed in
the absence of O,. Furthermore, FSO, radicals are not sub-
stantially removed by the self-reaction

FSO, + FSO, - F,S,0, (3)

on this timescale [ 13,15]. A slight increase in the absorbance
is observed in Fig. 1 towards longer times. Indeed, as shown
in Fig. 2(b), the signal recorded on a millisecond timescale
behaves quite differently with a pronounced build-up fol-
lowed by a decay. If this rise is attributed to FSO,, the con-
centration of these radicals should increase with respect to
the initial value by a factor of greater than two (as calculated
from the ratio of the absorbances at about 1.8 ms and 40 us).
However, the FSO, concentration at the absorbance maxi-
mum of Fig. 2(b) is reduced by a factor of close to two by
reaction (3) [13]. In addition, no plausible secondary reac-
tion could lead to an increase in FSO, concentration in the
present experimental conditions. It should be noted that reac-
tion FO, + FSO,0F — F,0, + FSO; is endothermic by about
55kJmol ' [3,26] and consequently can be ruled out. There-
fore FO, and thermalized FSO; radicals are essentially the
initial reactants of the system over 50 us, and the observed
absorption rise must correspond to the formation and removal
of an intermediate species different from FO, or FSO;. This
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Fig. 1. Time-resolved absorbance monitored at 450 nm resulting from the
193 nm photolysis of 14.4 Torr of FSO,OF in the presence of 50.4 Torr of
0, and 48.5 Torr of N, at 295 K.
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Fig. 2. Time-resolved absorbance monitored at 450 nm resulting from the
193 nm photolysis of FSO,OF in the presence of O, and N, at 295 K: (a)
FSO,0F = 14.6 Torr, O,=11.4 Torr, N,=90.6 Torr; (b) FSO,0F=14.4
Torr, O,=50.4 Torr, N, =48.5 Torr; (c¢) FSO,0F = 13.7 Torr, O, = 100.7
Torr, N, =0 Torr. The full lines are the results of the modelling described
in the text,
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Fig. 3. Time-resolved absorbance monitored at 450 nm resulting from the
193 nm photolysis of 4.8 Torr of F,S,05 in the presence of 707.1 Torr of O,
at 295 K. The full line is the result of the second-order decay fitting described
in the text.

species could be formed through the reaction of FSO; with
either O, or FO,.

Firstly, indirect experiments indicate that FSO; does not
react with O, [5-10]. The photolysis of F,S,0¢ at 193 nm
(FSO; quantum yield close to 2 molecules quantum ™' [13])
in the presence of O, allows for a direct verification of the
indirect studies. Fig. 3 shows an absorbance trace obtained at
450 nm after the photodissociation of 4.8 Torr of F,S,0,
diluted in 707.1 Torr of O,. In contrast with the pseudo-first-
order decay of the FSO, absorbance, expected for a reaction
between FSO; and O,, a strict second-order kinetic behaviour
is observed over the whole timescale. The full line was cal-
culated using a rate coefficient of 4.1 X107 '* cm® mole-
cule™! s~'. This value is in very good agreement with
the limiting high pressure rate coefficient k.. .=
(45+0.2) X 107" cm® molecule ™! s 7! determined for the
recombination reaction (3) [13,15]. This finding clearly
demonstrates that FSO, does not react with O, and, conse-
quently, O, merely behaves as a third body in this experiment.
In order to interpret this behaviour, the standard enthalpy
change (AH°) for the reaction FSO;+ O, - FS(0,)000

was estimated. According to the group additivity rules of
Benson [27], the standard enthalpy of formation for the
FS(0),000 radical is given by AH;°(FS(0),000) =
AHP(FSO5) + AHP[O-(0),] +AHS[O-(0)(S)]. After
simplifications and using the group contribution values
AHS[0-(0),1=80 kJ mol~' [27,28] and AHS[O-
(0)(S)]1 =AH[O-(0)(SO,)] =13 kJ mol ! [29], the
value AH° =93 kJ mol ™! is derived. AH° =68 kJ mol ! is
obtained if the value AH°[O-(0),] =55 kJ mol ! [30] is
employed. Therefore this endothermicity for the addition of
O, to FSO; explains the observed absence of reactivity. Some
other similar cases have been reported. Indeed, quantum
chemical calculations predict standard enthalpy changes of
28.6,49.3 and 35.3 kJ mol "' [30] and 54.4 kJ mol ! [31]
for the reactions RO + O, - ROOO where R =H, CH,, CF,
and Cl respectively.

Secondly, the dependence of the absorbance rise on the O,
pressure at a constant total pressure, observed in the present
experiments as shown in Fig. 2, indicates that the monitored
transient species is related to the FO, formed in reaction (2).
This is supported by the fact that the signals detected at a
constant O, pressure depend on CF, pressure as presented in
Fig. 4. Therefore both sets of experiments demonstrate that
the observed intermediate is proportional to the FO, concen-
tration. However, the intermediate decay is independent of
O, and the total pressure (see below). In this way, the for-
mation of the FS(O,)OO0OF trioxide via the association
reaction

FSO, +FO, + M —»FS$(0,) OOOF +M (4)

is proposed. To our knowledge, FS(0O,) OOOF has not been
reported previously. However, stable trioxide compounds,
such as CF;000CF; [32,33] and SFs;OOOSF;s [34-361,
have been synthesized. Evidence suggests that other trioxides
would have stable minimum energy structures. Indeed, ther-

0.014 T T T T

0.012
0.010 +
0.008

0.006 +

Absorbance

0.004 +

0.002+ I 1

0.000 |

Time (ms)

Fig. 4. Time-resolved absorbance monitored at 450 nm resulting from the
193 nm photolysis of FSO,OF in the presence of O, and CF, at 295 K: (a)
FSO,0F=15.0 Torr, 0,=50.9 Torr, CF,=0 Torr; (b) FSO,0F=15.2
Torr, O,=50.1 Torr, CF,=49.6 Torr; (c) FSO,0OF = 14.9 Torr, O, =50.1
Torr, CF,=96.7 Torr. The full lines which fit the signals are the results of
the modelling described in the text. Full line d was calculated by replacing
reaction (6) with reaction (13) in the mechanism.
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mochemical calculations indicate that some alkyl trioxides
have sufficient stability to be isolable below room tempera-
ture [37], and ab initio calculations predict stable configu-
rations for simpler compounds, such as the isomers CIOOO
[31], HOOOCI [38,39] and even HOOOOQOCI [40]. More-
over, the enthalpy of formation and optimized geometry of
the related compound FS(0O,)OS(O)F have recently been
estimated by PM3 calculations [41]. It is well known that
the fluorosulphuryl fluoroperoxide FS(O,) OOF, formed by
recombination of FSO; and OF radicals, is thermally stable
at temperatures below 323 K [42,43]. 7O NMR measure-
ments indicate that this compound is formed in the reaction
between dioxygen difluoride F,0, and SO, at 113 K (sul-
phury! fluoride F,SO, is the main reaction product) through
a reaction similar to Eq. (4), namely FSO,+FO,+M —
FS(0O,)O0F+M [44]. Hence the stabilization of
FS(0,)OO0O0F, due to the electron-withdrawing effect of the
electronegative FS(0O,)O- group, at least during the milli-
second timescale of the present experiments, appears to be
reasonable.

The absorption spectra of F,S,04 and FSO; are not super-
imposed. As mentioned above, the FSO; spectrum exhibits
diffuse bands above 340 nm, while the dimer presents a con-
tinuous absorption below 270 nm [7,24]. On the basis of this
evidence, it seems unlikely that the closed-shell compound
FS(0,)OO0O0F presents such a strong absorption as shown
by the experiments at 450 nm. Therefore the open-shell spe-
cies FS(0,) 000, formed in the abstraction process

FS(0O,)O00F +FO, - FS(0,)000 +F,0, (5)

is proposed to interpret the time-resolved absorbances of Figs.
2 and 4. Due to the likeness of FS (O, ) OO0 and FSOs, similar
absorption spectra for these radicals could be expected.
CNDOQO calculations suggest that the observed absorption sys-
tem of FSO; involves essentially the promotion of an electron
from the lone-pair molecular orbitals of e symmetry (centred
mainly on the oxygen atoms) to the a, orbital [45]. Further-
more, the present experimental evidence (see below) indi-
cates that the presence of the —OO group in FS(0O,)000
leads to an enhancement of the absorption cross-section with
respect to that of the FSO; radical. The FS(0,) 00O radical
has not been reported previously. However, the formation of
CF;000 radicals has been detected by electron spin reso-
nance (ESR) during the photolysis of CF;00CF; in the
presence of a small amount of O, enriched in '’O at 77 K
[46]. A decrease in the lifetime of this radical from about 15
min to 3 s was observed when the temperature was raised
from 77 to 93 K. The thermochemistry of this and other
polyoxy radicals has been investigated theoretically in Ref.
[30].

After formation, we assume that FS (O,) 000 decomposes
unimolecularly

FS(0,)000+M —FSO,+0,+M (6)

regenerating FSO; which, a posteriori, leads to the formation,
via reaction (3), of the reaction product F,S,0¢. The possi-
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Fig. 5. Calculated quantum yield of formation of F,$,0¢ during the photol-
ysis of F, in the presence of SO, and N, at 298 K (F,=100 Torr,
SO, + N, =70 Torr): @, simulations with reactions (1), (3), (7) and (8).

bility of the consumption of FS(0,)000 by self-reaction
will be discussed later.

Although FS(0,)000 could also be formed by F atom
abstraction from FS(O,) OOOF by FSO,, experimental evi-
dence [2,5], which will be discussed later, allows this reac-
tion to be discarded. Indeed, during the photochemical
decomposition of F, at 365 nm in the presence of sufficiently
high SO, pressures, the F atoms generated

F,+hv—2F 7
recombine very rapidly to form FSO; [5]
F+S0;+M—-FSO,+M (8)

Finally, the FSO, radicals dimerize according to reaction (3)
to form F,S,04 with a quantum yield ¢(F,S,04) close to
unity. As the SO; concentration diminishes, reactions (1)
and (8) compete for the F atoms and, consequently,
¢ (F,S,0¢) decreases. Fig. 5 shows the results of a steady
state modelling simulation which reproduces the experimen-
tal observations of Ref. [5] at SO; pressures higher than 20
Torr. In this calculation, reactions (1), (3), (7) and (8) [9]
have been employed. The rate equations resulting from this
mechanism were numerically integrated using a fourth-order
Runge-Kutta algorithm. The values k,=5.1X10""" cm’
molecule ™' s™! [3] and k;=4.5X%10"'* cm® molecule '
s~ ! [13,15] have been employed for reactions (1) and (3)
respectively. For reaction (8), a value kg=1.5%10""? cm’
molecule™! s~! was obtained from the ratio kg/
k,=3.0X 1072 [2] and the above k, value. Similar conclu-
sions may be extracted from the study of the photolysis of
FSO,OF at 254 nm in the presence of SO; [2]. In both
studies, the addition of O, and inert gases has no influence
on ¢(F,S,0¢). At sufficiently high O, pressures, reactions
(2) and (8) compete for the F atoms. However, under the
minute timescale of the experiments of Refs. [2] and [5],
the formation and decomposition of FS(O,)O0O0F and
FS(0,)000, of course, do not play any role. Thus, using
reactions (1)—(3) and (7)-(11), ¢(F,S,04) as a function
of O, pressure was calculated.
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Table 1
Reaction mechanism and rate coefficients

Reaction

Rate coefficient® Reference
F+FSO; +M - FSO,0F + MP ko=5.2X10"2(T/300) ~*'[N,] (3]
ko=1.1X10"%"(T/300) ~*'{CF,] 3]
ko=72X10""1(T/300)"* [3]
F+0,+M> FO, +M¢ ko=5.8X10"%(T/300) " ""[N,] s~" (48]
FSO, +FO, +M — FS(0,)000F (394+05)x10™ " This work
FS(0,)000F + FO, - FS(0,)000 +F,0, (64+0.7)x10™'? This work
FS$(0,)000 +M - FSO;+0,+M (6.0+1.5)x10%s™" This work
10" exp[ — (7045 +100)/T] s~} This work
FSO, + FSO; = F,8.0¢ ke=4.5X10""(T/300)'° [13,15]
FO, +M —>F+0,+M° 1.03X 10757~ exp( —5990/T) [N,] s ! [48]
FO, +FO,+M —F, 420, + M? 24X 1073 [M] [501
F,0,+0,-2F0, 8.4 X 10 % exp( —6520/T) [51]

-1 -1

Units of cm® molecule ™' s ! unless otherwise indicated. Rate coefficients are at 295 K unless an explicit temperature dependence is indicated.

*The rate coefficients employed in the simulation were obtained with the reduced fall-off expression of Ref. [3] and the indicated &, and k. values. Rate
coefficients equal to those for M =N, and CF, were assumed for M = O, and FSO,OF respectively.

“Rate coefficients for M= O, are assumed to be identical to those of M = N,. For M = FSO,OF and CF,, rate coefficients 2.4-fold higher than the corresponding

values for M= N, were employed [3].

“Expression employed for M= 0, and N,. For M =FSO,OF and CF,, the rate coefficients were increased by a factor of 2.4 [3].
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Fig. 6. Calculated quantum yield of formation of F,S,0, during the photol-
ysis of F, in the presence of SO,, O, and N, at 298 K (F,= 100 Torr,
SO, =25 Torr, O, + N, =500 Torr): — — —, experimental results from Ref.
[S]; A, simulations with reactions (1)—(6) and (7)~(11); @, simulations
with reactions (1)—(4), (6) and (7)—(12).
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Fig. 7. Calculated pressures of FO,, FSO,, FS(0,) 000 and FS(0O,) OOOF
as a function of time for the experiment of Fig. 4(c).

FO,+M—-F+0,+M (9)
FO,+FO,+M —F,+20,+M (10)
F,0, + 0, - 2F0, (11)

Other fluorine oxide reactions, such as the reactions of F
atoms with FO, [47,48] or F,0, [47], or the thermal dis-
sociation of F,0, [49], are negligibly slow under our exper-
imental conditions. The employed rate coefficients are given
in Table 1 and the results are depicted in Fig. 6. In agreement
with the experimental quantum efficiency for F,S,04 for-
mation of 0.97 molecule quantum ™' (within 5%) between 3
and 300 Torr of O, from Ref. [5], a ¢(F,S,04) value
decreasing slightly from 0.95 to 0.90 molecule quantum '
when the O, pressure was changed from 0 to 500 Torr is
calculated.

As mentioned above, in addition to reaction (5), the
FS(0,)000 radical can also be generated through reaction
(12)

FS(0,)0O00F +FSO; — FS(0,) 000 + FSO,0F (12)

The present laser flash photolysis experiments do not allow
us to choose between reactions (5) and (12). However, it is
observed that, in reaction (12), one FSO; radical is consumed
to form FSO,OF, which is not appreciably photolysed at 365
nm [ 16]. As a consequence, ¢(F,S,0¢) should decrease at
large O, pressures. The calculations presented in Fig. 6 show
a pronounced decrease in ¢(F,S,0¢) with O, pressure and
therefore, according to the results of Schumacher and
coworkers [2,5], the occurrence of reaction (12) can be
discarded.

It is convenient at this stage to describe the results of the
numerical simulation of the reaction mechanism made up of
reactions (1)—(6) and (9)—(11). The time-resolved absorb-
ances shown in Figs. 2 and 4, and others not presented here,
are well reproduced by employing the rate coefficients given
in Table 1. In order to illustrate the temporal evolution of the
central species of the system, typical dependences for the
pressures of FO,, FSO,, FS(0,)000 and FS (0,) OOOF on
time are illustrated in Fig. 7. The best values for the rate
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coefficients k,, ks and ks were obtained from a non-linear
least-squares fit of the simulated FS(O,) OOO formation and
decay curves to the experimental profiles. We found that &,
and kg are, under the present conditions, independent of the
total pressure, and therefore are probably very close to their
respective high pressure limits. The k, value is similar to the
upper limit reported for the reaction FC(0)O +FO,—
products of 2X 107 ' cm® molecule ™' s~!' [52]. Further-
more, as expected, &, is smaller than the rate coefficient for
the FSO; + OF — FS(0,) OOF recombination reaction esti-
mated as >50k;=2.3X10"" cm® molecule™! s~!
[13,15,42]. Statistical adiabatic channel model [53,54] cal-
culations performed for this reaction lead to
Keec o =3.5%X 107 "2 cm> molecule "' s ™!, which is only 20%
higher than the rate coefficient evaluated from the analysis of
the fall-off curve at an N, pressure of 150 Torr [55]. The
lack of molecular information on the trioxide molecules
involved in reaction (4) precludes a similar theoretical study.
However, because of the major complexity of these molecular
species, a smaller pressure dependence could, in principle, be
expected for reaction (4). These facts support the independ-
ence of reaction (4) of the total pressure which results from
the present study.

In the absence of further information, pressure effects sim-
ilar to those for the reaction between FSO, and OF can be
expected for the dissociation of FS(0,)0O00 into FSO; and
O, through reaction (6). The fall-off estimated in the pre-
ceding paragraph for the FSO; + OF recombination is com-
parable with the estimated uncertainty in k4 given in Table 1.

As mentioned above and shown in Fig. 1, the marked
increase in the absorbance attributed to the FS(0O,)000
radical is located at the time at which the FSO; concentration
decreases due to the recombination reaction (3). This indi-
cates that the FS(0,)O0Q radical exhibits an absorption
cross-section much greater than that of the FSO; radical. As
a result of all the experiments analysed, the value
o(FS(0,)000) =(4.4+0.3) X107 "7 cm? molecule ™' is
obtained at 450 nm.

In Fig. 4, the results of a numerical simulation, carried out
by employing the self-reaction

FS(0,)000 + FS(0,)000 - 2FS0, + 20, (13)

in the reaction scheme instead of reaction (6), are presented.
Using the rate coefficients of Table 1 and a value of
k;3=1.5X 10" "2cm® molecule "' s !, only a limited portion
of the upper part of the signal may be reproduced. It is
observed that, at times longer than about 3.5 ms, the calcu-
lated absorbances largely overestimate the experimental.
Therefore the most probable fate of FS(0O,)000 is thermal
decomposition according to reaction (6). The exothermicity
of reaction (6) supports the presence of an activation barrier
to deoxygenation. Thus, assuming that the reaction proceeds
through a tight transition state located at the maximum of the
barrier and with a typical pre-exponential factor of 10'3 s ™!
[56], an activation energy of E,=58.6+0.8 k] mol "' is

0.008 T
0.006 . *)
Q
Q
g
,E 0.004 + b
9
7]
<
0.002 r T
N .
C.000 { L
0 1 2 3 4
Time (ms)

Fig. 8. Time-resolved absorbance monitored at 450 nm resulting from the
193 nm photolysis of FSO,OF in the presence of O, at 383 K (FSO,0F =2.5
Torr, O,=755.1 Torr): (a) modelling with reactions (1)-(6) and (9)-
(11); (b) modelling with reactions (2)—(6) and (9)-(11); (c) modelling
with reactions (2), (4)~(6) and (9)-(11).

derived. No experimental data for similar systems are avail-
able for comparison.

A more limited set of experiments was conducted at 383
K. As shown in Fig. 8, the detected profiles are totally dif-
ferent from those recorded at room temperature. Signalsiden-
tical to those depicted in Figs. 2 and 4 were obtained by
reducing the temperature of the mixture to 295 K. The decay
observed in the absorption signals clearly demonstrates that
FS(0,)000 is not formed at 383 K. These experiments can
be satisfactorily explained by the proposed mechanism. The
simulated absorbances illustrated in Fig. 8 have been evalu-
ated with the rate coefficients given in Table 1. The calcula-
tions indicate that the absence of FS(0,)0O00 is almost
exclusively due to the marked decrease in the FO, concentra-
tion as a consequence of thermal dissociation. Indeed, the ko
value at 383 K is 77 times greater than that at 295 K [48].
Therefore the low FO, concentration precludes
FS(0O,)O0O0F formation through reaction (4). Curves (b)
and (c) indicate that the decrease in the absorbance with time
can be ascribed to the consumption of FSO; radicals in the
recombination reactions (1) and (3). Unfortunately, the
above-mentioned facts preclude an investigation of the ther-
mal stability of FS(O,) OOOF.

4. Conclusions

The 193 nm photodissociation of FSO,OF in mixtures with
O, and the bath gases N, and CF,, was investigated employing
the laser flash photolysis technique. A reaction mechanism
which explains all the experiments is described. The central
species in this scheme is the FS(0,) 00O radical for which
rate coefficients of formation and unimolecular decomposi-
tion have been determined at room temperature. A direct
characterization of this radical by kinetic and spectroscopic
techniques and amore detailed temperature dependence study
of the system are planned. In addition, ab initio quantum
chemical calculations of the trioxides proposed are desirable.



A.E. Croce et al. / Journal of Fluorine Chemistry 82 (1997) 91-97 97

Acknowledgements

This research project was supported by the Universidad
Nacional de La Plata, the Consejo Nacional de Investiga-
ciones Cientificas y Técnicas and the Comisién de Investi-
gaciones Cientificas de la Provincia de Buenos Aires.

References

[1] ). Czarnowski, E. Castellano and H.J. Schumacher, Z. Phys. Chem.
N.F., 57 (1968) 249.
[2] W.H. Basualdo and H.J. Schumacher, Z. Phys. Chem. N.F., 47 (1965)
57.
[3] A.E. Croce de Cobos, C.J. Cobos and E. Castellano, J. Phys. Chem.,
93 (1989) 274.
[4] C.J. Cobos, A.E. Croce and E. Castellano, J. Photochem. Photobiol.
A: Chem., 59 (1991) 143,
[S] E.H. Staricco, J.E. Sicre and H.J. Schumacher, Z. Phys. Chem. N.F.,
35 (1962) 122.
[6] E. Castellano and H.J. Schumacher, Z. Phys. Chem. N.F., 43 (1964)
66.
[7] E. Castellano, R. Gatti, J.E. Sicre and H.J. Schumacher, Z. Phys. Chem.
N.F., 42 (1964) 174.
[8] E. Castellano and H.J. Schumacher, Z. Phys. Chem. N.F., 44 (1965)
57.
[9] J.E. Bolzan, J.E. Sicre and H.J. Schumacher, Z. Phys. Chem. N.F., 46
(1965) 78.
[10] R. Gatti and H.J. Schumacher, Z. Phys. Chem. N.F., 62 (1968) 159.
[11] J. Sehested, K. Sehested, O.J. Nielsen and T.J. Wallington, J. Phys.
Chem., 98 (1994) 6731.
[12] Z. Li, R.R. Friedl and S.P. Sander, J. Phys. Chem., 99 (1995) 13 445.
[13] C.J. Cobos, A.E. Croce de Cobos, H. Hippler and E. Castellano, J.
Phys. Chem., 93 (1989) 3089.
[14] AE. Croce, C.J. Cobos and E. Castellano, Chem. Phys. Let., 158
(1989) 157.
[15] C.J. Cobos, A.E. Croce and E. Castellano, /nt. J. Chem. Kinet., 22
(1990) 289.
[16) A.E. Croce, J. Photochem. Photobiol. A: Chem., 51 (1990) 293.
[17] C.J. Cobos, A E. Croce and E. Castellano, in L.M. Narducci, E.J. Quel
and J.R. Tredicce (eds.), Lasers and Quantum Optics, CIF Series, Vol.
13, World Scientific, Singapore, 1990, p. 379.
[18] A.E. Croce, C.J. Cobos and E. Castellano, J. Photochem. Photobiol.
A: Chem., 55 (1990) 135.
[19] A.E. Croce, C.J. Cobos and E. Castellano, J. Photochem. Photobiol.
A: Chem., 64 (1992) 15.
[20] C.J. Cobos, A E. Croce and E. Castellano, J. Photochem. Photobiol.
A: Chem., 84 (1994) 101.
[21] CJ. Cobos, AE. Croce and E. Castellano, Chem. Phys. Lett., 239
(1995) 320.

[22] C.J. Cobos, A.E. Croce and E. Castellano, J. Fluor. Chem., 79 (1996)

157.

[23] M. Gambaruto, J E. Sicre and H.J. Schumacher, J. Fluor. Chem., 5
(1975) 175.

[24] G.W. King, D.P. Santry and C.H. Warren, J. Mol. Spectrosc., 32
(1969) 108.

[25] N.M. Matchuk, V.I. Tupikov, A.l. Malkova and S.Ya. Pshezhetskii,
Opt. Spectrosc., 40 (1976) 7.

[26] W.B. DeMore, S.P. Sander, D.M. Golden, R.F. Hampson, M.J. Kurylo,
C.J. Howard, A.R. Ravishankara, C.E. Kolb and M.J. Molina,
Chemical kinetics and photochemical data for use in stratospheric
modeling, JPL Publication 94-26, 1994.

{271 S.W. Benson, Thermochemical Kinetics, Wiley, New York, 2nd edn.,
1976.

[28] N. Cohen and S.W. Benson, Chem. Rev., 93 (1993) 2419.

[29] S.W. Benson, Chem. Rev., 78 (1978) 23.

[30] J.S. Francisco and I.H. Williams, Int. J. Chem. Kinet., 20 (1988) 455.

[31] T. Rathmann and R.N. Schindler, Chem. Phys. Letr., 190 (1992) 539.

[32] L.R. Anderson and W.P. Fox, J. Am. Chem. Soc., 89 (1967) 4313.

[33] P.G. Thompson, J. Am. Chem. Soc., 89 (1967) 4316.

[34] J. Czamowski, E. Castellano and H.J. Schumacher, Rev. Latinoam.
Quim., 8 (1977) 143,

[35] D.D. DesMarteau and R. M. Hammaker, Isr. J. Chem., 17 (1978) 103.

[36] J. Czarnowski and H.J. Schumacher, J. Fluor. Chem., 12 (1978) 497.

[37] S.W. Benson, J. Am. Chem. Soc., 86 (1964) 3922.

[38] C.M. Rohlfing, Chem. Phys. Lett., 245 (1995) 665.

{39] 1.S. Francisco and S.P. Sander, J. Phys. Chem., 100 (1996) 573.

[40] 1.S. Francisco, J. Phys. Chem., 99 (1995) 13 422.

[41] K. Sudlow and A.A. Woolf, J. Fluor. Chem., 64 (1993) 269.

[42] R. Gatti, E.H. Staricco, J.E. Sicre and H.J. Schumacher, Angew. Chem.,
Int. Ed. Engl., 75 (1963) 137.

[43] R. Gatti, E.H. Staricco, J.E. Sicre and H.J. Schumacher, Z. Phys. Chem.
N.F., 36 (1963) 211.

[44] L). Solomon, A.). Kacmarek and J. Raney, Inorg. Chem., 7 (1968)
1221.

[45] G.W. King, D.P. Santry and C.H. Warren, J. Chem. Phys., 50 (1969)
4565.

[46] R.W. Fessenden, J. Chem. Phys., 48 (1968) 3725.

[47] JL. Lyman and R. Holland, J. Phys. Chem., 92 (1988) 7232.

[48] P. Campuzano-Jost, A E. Croce, H. Hippler, M. Siefke and J. Troe, J.
Chem. Phys., 102 (1995) 5317.

[49] K.D. Abney, P.G. Eller, M.P. Eastman, C.F. Pace, S.A. Kinkead, R.J.
Kissane and W.H. Woodruff, J. Fluor. Chem., 73 (1995) 137.

[50] A.A. Timakov and V.N. Prusakov, Kinet. Katal., 30 (1989) 472.

[51] G.M. Campbell, J. Fluor. Chem., 46 (1990) 357.

[52] M.M. Maricq, J.J. Szente, T.S. Dibble and J.S. Francisco, J. Phys.
Chem., 98 (1994) 12 294.

[53] J. Troe, J. Chem. Phys., 75 (1981) 226.

[54] C.J. Cobos and J. Troe, J. Chem. Phys., 83 (1985) 1010.

[55] C.J. Cobos, unpublished results, 1995.

[56] W. Forst, Theory of Unimolecular Reactions, Academic, New York,
1973.



