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Abstract

The kinetics of the recombination reaction Cl + FS(0,)O — FS(O,)OCI (1) has been
studied by using an ArF excimer laser flash photolysis technique over the 25-950 mbar total
pressure range of the bath gases He, N, and CF, at 298 K. The reaction was found to be
essentially in the second-order regime. The derived limiting high-pressure rate coefficient
isk, =(1.320.3)x10"" cm’ molecule’ s™'. For the reaction Cl + FS(0,)OCl — FS(0,)O + Cl,
(2) a rate coefficient of k, = (2.140.9)x10"" cm’ molecule’ s’ was measured. The ratio
between both rate coefficients of 0.16 agrees very well with data determined by Vasini and
Schumacher. Quantum chemical calculations carried out at the G3MP2//B3LYP/6-
311+G(3df) level of theory allow to determine an standard heat of formation of -136.5 kcal
mol” for FS(O,)OCI. Rate coefficient calculations in the framework of the phase space
theory, performed on a G3MP2B3 electronic potential, indicate that central forces mainly
dominate the present recombination reaction.

Resumen

La técnica de fotolisis flash con laser del excimero ArF se empleo para estudiar la
cinética de la reaccion de recombinacion Cl + FS(0,)0 — FS(O,)OCI (1) a presiones
totales comprendidas entre 25y 950 mbar de los gases He, N,y CF,y a 298 K. La reaccion
se encuentra esencialmente en la region de segundo orden. El coeficiente de velocidad
determinado en el limite de alta presién es k, _=(1,310,3)x10""" cm’ molécula 5. Se midié
el coeficiente de velocidad k,=(2,140,9)x10™"" cm’ molécula” s para la reaccion Cl +
FS(0,)0Cl — FS(0,)0 + Cl,(2). El cociente entre ambos coeficientes de velocidad es 0,16
y se encuentra en muy buen acuerdo con el valor determinado por Vasini y Schumacher. Se
calculé el valor -136,5 kcal mol” para el calor de formacion estandar de FS(O,)OCl mediante
el modelo G3MP2//B3LYP/6-311+G(3df). A partir de calculos realizados mediante la teoria
del espacio de las fases se encontro que la reaccion de recombinacion estudiada se encuentra
dominada principalmente por fuerzas centrales.
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Introduction

The recombination of radicals and the reverse simple bond dissociation reactions play a
relevant role in many atmospheric [1,2] and combustion [3,4] mechanisms. Therefore, an
understanding of the factors that dominate these rate coefficients with the goal of making reliable
predictions of unavailable experimental data appears highly desirable. Although important progress
has been done in this field due to the continuing improvements of the unimolecular rate theory, a
considerable uncertainty remains because of the lack of knowledge of the molecular input data
such as the details of the energy transfer processes or relevant parts of the potential energy
surface. In this context, atom-diatomic radical chemical reactions present normally the simplest
electronic potential features but usually require a large extrapolation of the falloff curve to obtain
the limiting high pressure rate coefficients. At the next level of complexity, for atom-polyatomic
radical reactions a more complicated anisotropic potential arises. In addition, the presence of a
larger density of vibrational states shifts the high pressure region to lower total pressures allowing
obtaining the high pressure rate coefficients more precisely.

In the present paper an experimental and theoretical study of the recombination reaction
between chlorine atoms and fluorosulphonate radicals, FS(O,)O, is considered. The formed
product, chlorine fluorosulfate, FS(O,)OCI, first prepared by Gilbreath and Cady [5], has been
intensively employed as chlorinating, fluorosulfonating and oxidating agent. Although its chemistry
has been considerably studied [6], only few kinetics studies of this interesting molecule have been
reported.

The kinetics and the mechanism of the thermal reaction between the peroxydisulfuryl
difluoride FS(O,)O0(0,)SF and Cl, over the temperature range 373-408 K were reported by
Vasini and Schumacher [7]. Under such experimental conditions the equilibrium established
between FS(O,)O0(0,)SF and the FS(O,)O radicals leads to a considerably high concentration
of free radicals [8-11] which react with Cl, forming FS(O,)OCl and Cl atoms. Finally a competence
between the reaction of Cl atoms with either FS(O,)O or FS(O,)OCl is operative. This mechanism
explained well all experimental results [ 7]. More recently, a preliminary study of the kinetics of
these reactions,

Cl+FS(0,)0 + M — FS(0,)OCl + M (1)

Cl+ FS(0,)OCI — FS(0,)0 + Cl, @)

was reported at room temperature [ 12]. This laser flash photolysis study confirmed the importance
of'these processes in the reaction mechanism of Vasini and Schumacher [7].

Continuing our time-resolved studies on the chemistry of FS(O,)O radicals, in the present
work we investigate in more detail the kinetics of the reactions (1) and (2). Our goal was to
analyze the falloff behavior of reaction (1) from both, the experimental and theoretical point of
view. For this, we use the excimer laser flash photolysis technique complemented with quantum
chemical and reaction rate theory calculations.
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Experimental technique

The setup has been described in recent publications [13-15]. The FS(O,)O radicals were
formed by FS(O,)OF photodissociation at 193 nm with an ArF excimer laser (Lambda Physik
EMG 101 MSC). At this wavelength, FS(O,)OF exhibits an absorption cross section of 1.76x10™®
cm”molecule™ [16] and generate FS(O,)O and F atoms with unitary quantum yield [17]. These
atoms afterwards react very fast with CL, molecules added to the system according to

F +Cl— CIF +Cl 3)

Under the present conditions the F atoms are quantitatively converted into Cl atoms in about 200
ns [18]. Afterwards, the kinetics of reactions (1) and (2) was followed by monitoring the FS(O,)O
concentration changes as a function of time. For this, the evolution of this only absorbing species
was determined in real time by its absorption at 450 nm (spectral resolution, AA=1.5 nm). A
crossed-beam configuration between the photolytic and the spectroscopic light beams was used.
Axenon high-pressure arc lamp provides the probe light (Hanovia, 150 W). After passing through
areaction quartz cell of absorption path length of 2.5 cm, the probe light was focused onto the
entrance slit of a prism double monochromator (Zeiss MM 12) equipped with a photomultiplier
tube (RCA, 1P28). The signals were recorded with a digital stored oscilloscope (LeCroy 9400)
and further processed with a computer. A digital delay generator (SRS, DG535) was interfaced
with the laser controlling system and the data acquisition system. Laser fluencies ranging from 10
to 40 mJ cm? were measured with a pyroelectric detector (Gentec, DE-500). The gases were
handled in a Pyrex vacuum system, and the pressures measured with a pressure transducer
(MKS Baratron, Type 310CA) and with a sensitive quartz spiral gauge. Typical FS(O,)OF and
Cl, pressures ranging from 3 to 8 mbar were employed. The diluents bath gases were varied
between 19-935 mbar (He), 11-785 mbar (N, ) and 16-940 mbar (CF,). All experiments were
performed at 29812 K.

The FS(O,)OF was prepared by photolysis of F, in the presence of SO, [19], The other
employed gases had the followed stated minimum purities: Cl,, 99.9% (Matheson); He, 99.999%
(Union Carbide); N, 99.99% (La Oxigena) and CF, 99.7% (Matheson).

Results and discussion

a) Experimental rate coefficients for reactions (1) and (2).

The FS(O,)O radical exhibits weak diffuse absorption bands at 1300-1400 nm and 720-
840 nm and a discrete band with origin at 516 nm resulting from the C’E-X?A transition [20].
The latter is partially overlapped by a fairly strong continuum that decreases in intensity between
about 470 and 340 nm [16, 20, 21]. At the selected monitoring wavelength of 450 nm, the
absorption cross section has been determined to be (3.64+0.32)x10"® cm? molecule™' [10].
Due to the fact that the FS(O,)O self-recombination reaction
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FS(0,)0 + FS(0,)0 — FS(0,)00(0,)SF @),
isslow (k, =4.5x10""* cm’ molecule™ s [10]) and the reaction
FS(0,)0 + CL, — FS(0,)0C1 + Cl (5),

is extremely slow (k.=1.1x10** cm’ molecule s [7]), the FS(O,)O can only react with the C1
atoms formed in reaction (3). A trace of the time evolution of FS(O,)O for a typical experiment
is shown in Figure 1. The pronounced initial FS(O,)O decrease is almost exclusively ascribed to
reaction (1). Afterwards, at above about 8 us, the global rate of FS(O,)O consumption decreases
strongly with time. This is interpreted considering the main participation of reaction (2) when
FS(0O,)OCl concentration increases due to reaction (1). It is important to note that reaction (6)

Cl+FS(0,)0F — FS(0,)0 + CIF (6)

does not contribute to the reaction mechanism [12, 22]. Therefore, the time-dependent FS(O,)O
concentrations were well interpreted with the mechanism formed by reaction (1) and (2). A
typical fit is shown in Figure 1. In addition, the contribution of both reactions to the signal is also
indicated. In fact, curve 4 corresponds to a pure second-order behavior similar to the reported
for the reaction [23]

F + FS(0,)0 + M — FS(0,)OF + M 7).

The abstraction reaction F + FS(O,)OF — FS(O,)O +F, does not play any role. An activation
energy of about 10 kcal mol™ has been estimated for this process [23, 24]. On the other hand,
the first-order signal denoted by B in Fig. 1, corresponds to the growing of FS(O,)O concentration
by reaction (2). Similar signals have been monitored during the laser-induced temperature jump
measurements of the FS(O,)O0(0,)SF «> FS(0O,)O + FS(0O,)0 equilibrium above 500 K
[11]. The absorption signals were monitored up to about 200 us, time at which a slight decrease
of FS(O,)O concentration ascribed to reaction (4) has been observed. The FS(O,)O absorption
vanished at about 30 ms [10].

The determined second-order rate coefficients for reaction (1) and (2) are listed in Table
1. For convenience, the analysis of reaction (2) is given first. The obtained average k. is

k,=(2.1£0.9)x 10" cm’ molecule™' s

This value is 38% larger than the previously reported [ 12]. The difference is mostly attributed
to the more accurate present numerical simulation.

Further evidence for the formation of Cl, by the abstraction of Cl atoms from other
hypofluorites by Cl have been reported. In fact, in either the stationary photolysis of CF,OCl or
in the photolysis of Cl, in the presence of CF,0Cl, the reaction products CF,00CF, and Cl,
are exclusively formed [25]. Similarly, large amounts of SFOOSF, and Cl, are generated by
photolysis of SF,OCI [26]. More recently, the relevant role that reaction C1 + CIOCIO, — Cl,+
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Figure 1. Time-resolved FS(O,)O concentration detected at 450 nm following the 193 nm-
photodissociation of 6.5 mbar of FS(O,)OF in the presence of 6.7 mbar of Cl, and 67.6
mbar of CF, The best fit was obtained with k,=1.3x10" cm’ molecule” s and
k,=2.4x10"" cm’ molecule” s”'. The dashed lines A and B are the results of the modeling
described in the text.

ClO, plays on the mechanism of the 366 nm photolysis of Cl, in the presence of CIOCIO, has
been demonstrated [27]. On an absolute basis, the present rate coefficient value for reaction (2)
is comparable with those measured for other selected Cl abstraction reactions, i. e, 6.1x10™"!
cm’ molecule’'s™ for C1+CH,0Cl — CL,+CH,0 [28, 29]; 4.3x10™"" cm’ molecule™ s for Cl
+ C,H,0Cl — CL,+ other products [29] and 1.5x10""' cm’ molecule™' s for C1+FC(O)OCl
— CL+FC(0)O [30].

As observed in Table 1, the values of k, for M=He show a very small pressure dependence.
This is more evident in Figure 2, where all measured rate coefficients are depicted. The analysis
of'these data is discussed below.

Table 1. Measured second-order rate coefficients for reactions (1) and (2).

Pressure (mbar) k, (cm’ molecule™ s') k, (cm’ molecule™ s™)
FS(O,)OF Cl, He N, CF,
33 4.8 18.6 — — 7.7x10°" 2.8x10"
59 8.2 32.1 — — 1.1x101° 1.5x101
59 8.0 1319 — — 1.4x1071° 1.2x101
3.1 3.1 3993 — — 9.3x10" 3.7x10"
7.2 7.0 9349 — — 1.3x101° 2.1x10M!

6.1 6.9 — 10.9 — 8.9x10!" 1.9x10"
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53 6.8 —  784.0 — 9.2x10!" 2.7x10"
6.5 3.5 — — 314 1.5x101° 1.6x10°"
33 33 — — 33.8 1.1x10°1° 3.8x10!!
6.5 3.5 — — 65.2 1.4x10°1° 2.0x10°"
6.5 6.7 — — 67.6 1.3x10°!° 2.4x10°'"
6.5 34 — — 133.0 1.4x10°1° 1.6x10°"
3.1 33 — — 134.2 1.5x10°!° 3.1x10°"
6.5 34 — — 210.1 1.6x10!° 1.7x10-"
6.1 6.6 — — 2723 1.4x10°!° 1.8x10°"
6.5 3.5 — — 351.9 1.3x10°!° 6.9x10"2
33 33 — — 465.1 1.6x10°!° 1.0x10°"
6.8 6.7 — — 9422 1.3x10°1° 1.5x10°"
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Figure 2. Falloff curve of the reaction (1) for the bath gases He (A), N, (0) and CF, (®).
[M]e/].:[He]-i-I.2[N}]+2.5[CF4]+2. 7[FS(O,)OF]+2.5[CL)] (see text). The solid line
through the data is the fit with the formalism described in the text. The solid straight lines
correspond to the limiting low- and high pressure rate coefficients.

b) Quantum chemical calculations

To perform the theoretical kinetic calculations for reaction (1) described in the next section,
relevant molecular data for the participant species are required. To complement the available
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experimental information, quantum chemical calculations were carried out using the Gaussian 03
program package [31]. The molecular structure and the harmonic vibrational frequencies of
FS(O,)OClwere calculated using the hybrid B3LY P density functional which employs the Becke's
three parameter exchange functional [32,33] coupled to the nonlocal correlational functional of
Lee, Yang and Parr [34]. The large 6-311+G(3df) Pople’s basis set was selected for all calculations.
The energetic was computed, at high level of theory, using the G3MP2B3 ab initio model chemistry
[35]. A modified version G3MP2//B3LYP/6-311+G(3df) that uses B3LYP/6-311+G(3df)
calculations instead of B3LYP/6-31G(d) to estimate the geometry and the vibrational frequencies
(without scaling) was also employed [36]. The calculated molecular structure for FS(O,)OCI
agrees very well with the one measured in gas electron diffraction (GED) experiments [37]. The
small mean absolute deviations 0f 0.019 A for the bond distances and 1.3° for the bond angles
indicate the very good agreement found here. The calculations predicts a gauche conformation
with T(FSOCI)=70.9° as the more stable conformation. The experimental GED value is 69°[37].
From the theoretical structure we derive the following rotational constants: A=0.163, B=0.0580
and C=0.0575 cm™'. On the other hand, the computed vibrational frequencies of 1484, 1244,
823,794,694, 561,516,470,366,351, 191 and 97 cm! compare very well with the experimental
values of 1485, 1246, 855, 832, 704, 571, 530, 490, 387, 359, 208 and 95 cm™ [37]. The
mean absolute deviation between both sets of values is 19 cm™. Similar values of 12, 13 and 18
cm! were obtained at the BILYP, B3PW91 and mPW1PW91 levels of theory. The calculated
and experimental values for the O-Cl stretching mode are 694 and 704 cm™ respectively.

The kinetics analysis described below requires the knowledge of the FS(O,)OCl internal
rotational motions. For this, molecular conformations were fully optimized for both the gauche
and trans (t(FSOCI)=180°) conformations and for intermediate structures of FS(O,)OCI. The
resulting rotational potential evaluated at the B3LYP/6-311+G(3df)/B3LYP/6-311+G(d) level
is shown in Figure 3. More accurate G3MP2B3 calculations carried at selected points of the
potential are also indicated. The highest electronic barrier was determined to be V =7.1 kcal
mol!. The associated reduced moment of inertia is I =4.57 amu A2. The FS(O,)O-Cl rotational
barrier is similar to those calculated with the B3LYP/6-31G(d,p) functional for the Cl-Cl eclipsed
structures of CHCLOCI, 8.08 kcal mol" and CCLCOCI, 6.30 kcal mol' [38]. Our best
calculations lead to a barrier of 1.2 kcal mol™! for the conversion between the trans and gauche
structures. By comparison, at the HF/6-31G(d) level a value of 2.1 kcal mol has been reported
[37].

The heat of formation of FS(O,)OCl was estimated from the calculated total atomization
energy, i.e. the energy required to dissociate the molecule into its separate atoms. The value
calculated at the G3MP2//B3LYP/6-311+G(3df) level of 416.2 kcal mol™ leads to a heat of
formation of AH®,,=-128.6 kcal mol". It was afterwards corrected by using a recently
implemented bond additivity correction (BAC) procedure [39]. This method involves atomic,
molecular and pairwise bond corrections for the heat of formation. For the present case, the
BAC is 8.2 kcal mol !, therefore the above heat of formation is reduced to AH®,,=136.8 kcal
mol™. Independent calculations, which rely on the construction of isodesmic reaction schemes,
were also carried out. In this procedure, the heat of formation for the molecule of interest is
evaluated by combining the computed enthalpy change of the selected reaction with well-established
heats of formation for other reaction components. In this way, from the selected reaction
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CIOH + FS(0,)OH — FS(0,)OCI + H,0,

the calculated AH°=3.6 kcal mol ™' and the heats of formation of -17.9, -57.8 [1] and -180.0
[40] for CIOH, H,0 and FS(O,)OH respectively, we obtain the value AH®,, =-136.5 kcal mol
"'which agrees very well with the derived from atomization. This value together with the heats of
formation values of C10f29.0 kcal mol™ [1] and of FS(O,)O of -121.3 kcal mol' [13] yield a
FS(0,)O-Cl bond dissociation enthalpy of AH® . =44.2 kcal mol™'. It is interesting to note that
this value compares very well with the estimated by Vasini and Schumacher on kinetic grounds of
45 kcal mol'[7]. The potential energy features relevant in the theoretical interpretation of the

kinetics of reaction (1) are discussed in the next section.

I I
70 o_

6 — _

Energy (kcal mol1)

\ \ \ \ \ \ \ \
0 50 100 150 200 250 300 350

Torsional angle (degrees)

Figure 3. Rotational potential for torsion around the O-CI bond in FS(O,)OCI
Calculations at the levels B3LYP/6-311+G(3df)//B3LYP/6-311+G(d) (@) and G3MP2B3 (0).

¢) Falloff curves and limiting low and high-pressure rate coefficients

To analyze the pressure dependence of the rate coefficients k , the falloff curve depicted in
Figure 2 was employed. This curve shows the transition of k from the low-pressure range,
where it is proportional to the effective total pressure [M] ;. (see below), k, , to the high-pressure
range, where it approaches the constant value k, _. The falloff curve was estimated by using the
general expression [41]

k=k_F"(k,/k_)F(k,/k_) @

k,/k._
The factor F (Ko/k.) = 1 +;{ I is the result of the simple Lindemann-Hinshelwood
o/ B

mechanism. Here, kozlim[M]_>0 k([M]) and kmzlim[M _.. k([M]) are pseudo-second order rate

]
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coefficients. The broadening factor F(k /k ) accounts for corrections due to the energy and total
angular momentum dependence of the excited species and for the multistep character of the
energy transfer process assisted by collisions. This factor was estimated as [41, 42]

F(ko/km) ~ Fcem1/{1+[(log(ko/km)+0.2)/N(k0/km)]z} (H)
Flky/k.) = F™ (ko/k.) X (kg/k.) (IID)
F(kO/km) ~ BCO.M SK'O'(Q (IV)

where F¥¢_ andF5¢_ are respectively the weak and the strong collision broadening factors
and N(k /k_)={1.448-0.7780log(k /k_)+0.1067([log(k /k_)I*} (k/k_)*'" is a width function [42].
Weak collision effects are accounted for by the bath gas collision efficiencies 3 . At the phase
space limit, the transitional modes exhibit rotational character therefore S, ~1+1/2 [42]. Hereris
the total number of external rotational modes of the reactants, i.e. for the present case r =3.

In the falloff curve of Figure 2, we define an effective pressure scale as [M]eff=Z(BC7iZU,i/
B 1eZys ) [M,]. The Lennard-Jones collision frequencies Z, | between the excited adduct
FS(0,)OCl and a given bath gas were estimated, as usual, from Lennard-Jones parameters
derived from the critical properties of the gases or from tabulated values [43]. The employed f3,
values correspond to those determined for the similar reaction F +FS(O,)O +M — FS(O,)OF
+M,ie.,B=0.1,0.2 and 0.4 for M=He, N, and Cl, and = 0.5 for CF, and FS(O,)OF [23].
Due to the fact that experimental rate coefficients are close to the high-pressure region, an estimation
of the k; | values for each bath gas was done. For this, the factorized expression given by the
unimolecular rate theory was used [41, 44, 45]

k, =B.(1/K)IM]Z,,

F,, F.FF V)

anh - E ~ rot ~ rotint

Qvib k T

Pvib,h(Eo)kBT [ E, j
Tyibh Y077B - exp| —
B

The significance of the various factors and their values at 298 K are the following. K .=k _/
k =1.99x10° cm® molecule™ is the equilibrium constant evaluated with the above molecular
properties of FS(O,)OCl, the experimental vibrational frequencies [37] and the FS(O,)O rotational
constants [13],p,, . (E))=1 .24x10® (kcal mol')! is the harmonic vibrational density of states of
FS(0,)OCl at the threshold energy E =AH° =42.9 kcal mol" and Q ,=3.11 the vibrational
partition function of FS(O,)OCI. The F factors take into account corrections for effects of
anharmonicity F_ =1.15, spread of internal energies F_,=1.14, external rotations F_=11.79,
and internal rotations F_ . =7.62. For M=He, using Z (He-FS(O,)OCI)=5.87x10"" cm’
molecule” s” and B =0.1 we have k, o1 .3x10?[He] cm® molecule™ s,

The curve depicted in Figure 2 was fitted to the experimental results using the equations (I)
to (IV) with [M]_=[He]+1.2[N,]+2.5[CF,]+2.7[FS(O,)OF]+2.5[Cl,] and the above k,  value.
The resulting limiting high pressure rate coefficient is
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k, = (1.3£0.3) x 10""? cm® molecule™' s™!

The center of the falloff curve is defined as the concentration at which the limiting k, jand k|
intersect in Figure 2, that is, [M] ;,, =[CF,] =4x10" molecule cm>=(.2 mbar. For He we have
[He] = 0.4 mbar. These values contrast with those derived for the similar recombination reaction
F+FS(0,)0+M—FS(O,)OF+M of [CF,] =~ 2.8 mbar and [He] =7.6 mbar [23]. For this process,
falloff curves for M=He, N,, CF, and SF, were derived between 298 and 378 K. From these
curves, low pressure rate coefficients and a high pressure rate coefficient of (7.6+1.0) x 10!
cm’® molecule™! s were determined.

It should be noted that the present ratio k/k; = 0.16 agrees very well with the value
estimated at room temperature from the data of ref. 7 0f 0.18. On the other hand, the large k| _
here obtained is similar to those measured for other Cl atom reactions. In fact, k_values of
1.0x10'°,2.0x10%,2.8x10"° and 1.4x10"'"°cm® molecule™! s have been measured respectively
for the reactions of Cl with NO,, C,H,, C,H, and C,H, [1, 2].

It appears interesting at thls stage to interpretk _ in terms of the reaction rate theory. For
this, we use phase space theory (PST), which provides an upper limit to the rate coefficients [46-
48]. Here the isotropic electronic potential V(r) along the minimum energy path determines the
rate coefficients. The ab initio G3MP2B3 model was used to study the FS(O,)O-Cl potential
[35]. This potential was then improved by a BAC procedure [39]. The computed BAC-
G3MP2B3 potential and a fit with the Morse function (in kcal mol™) V(r)=46.8 {1-exp[-2.74(r-
1.736)]}? is given in Figure 4. These calculations also provide the effective rotational constants
(incm™), B_(r)=[B(r)+C(r)]/2=5.597x10/[1+0.2435(r-1.736)+0.1637(r-1.736)’], along the
reaction coordinate. The PST rate coefficients were evaluated as

dE

KT (VI)

k_(PST)=f Z(2J+1)j W (E, J)exp( 3 Tj

Here f = 1/4 is the electronic degeneracy factor. The J-dependence of the dissociation threshold
energy E (J) was computed from the maxima of the potential V__(r)=V(r)+B_(r)[J(J+1)]. The
number of open channels W(E, J) was calculated with the expressions of ref. 49. The resulting
value at 300 K ofk, (PST)=1.41x10"°cm’ molecule™ s™' suggests that anisotropic forces play
only a minor role. In fact, the rigidity factor estimatedas f_ =k, _/k, (PST)=0.9[48] shows
that anisotropy effects arising from the angular forces in the transiﬁonél modes are very small.
To compare with the present system, calculations were also carried out for reaction (7).
The computed BAC-G3MP2B3 electronic potential is depicted in Figure 4. As before, it was
fitted with a Morse function with parameters $=3.11 A"' and D =36.0 kcal mol"', while B_(r)
was very well reproduced with the relationship B, (r)=8.740x10/[1+0.1485(r-1.433)+0.0751(r-
1.433)?]. From the calculated limiting high pressure rate coefficient of 1.10x10'° cm?
molecule™ s, arigidity factor of about 0.7 is derived. For the sake of comparison, the related
reactions Cl + FC(O)O — FC(O)OCl and F + FC(O)O — FC(O)OF, recently studied in our
laboratory, exhibit experimental rigidity factors of 0.72 [50] and 0.36 [ 14]. In both cases, the
fﬁgi , values corresponding to the Cl atom reactions are larger than those obtained for F atoms reactions.
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Figure 4. Potential energy curves for FS(0,)0Cl — FS(0,)0 + CI (e) and FS(O,)OF —

FS(0,)O + F (a) calculated at the BAC-G3MP2B3 level. The solid lines are the fits with
Morse functions (see text).

Conclusions

The 193-nm laser flash photolysis of FS(O,)OF in the presence of Cl, and the third-body
gases He, N, and CF, has been investigated at room temperature. These experiments allow to
directly determine the limiting high pressure rate coefficient of reaction Cl + FS(O,))O —
FS(O,)OCl and the rate coefficient of the abstraction reaction Cl1+ FS(O,)OCI — FS(0,)O +
CL,. The combined rate coefficients agree very well with the results published thirty seven years
ago by Vasini and Schumacher. Some molecular properties for FS(O,)OCl were derived at high
quantum chemical levels and used in the theoretical kinetic interpretation of the recombination
reaction. The performed analysis indicates that angular anisotropic forces play only a small role in
the capture rate coefficient and thus the reaction is mostly dominated by the long-range attractive
part of the potential energy surface.
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