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Abstract
Absolute total cross section (TCS) for electron scattering from sulfuryl chloride
(SO2Cl2) molecules was measured in a linear transmission experiment at
energies ranging from 0.5 to 150 eV. The most distinct features found in the
TCS are the deep minimum located near 1.8 eV and the broad enhancement
peaked around 9.5 eV with a shoulder spanned between 3 and 5 eV. At
intermediate energies, the present experimental TCS results agree well with our
total cross-section estimations, based on calculations of elastic and ionization
cross sections. In addition, the calculated total cross section for SO2F2 is
reported. The results for e−–SO2Cl2 collisions are compared, for the energy
dependence and magnitude, with experimental and computed cross sections
for other molecules (SO2F2, SO2ClF) comprising a sulfone group.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Sulfuryl chloride (SO2Cl2) is a compound of industrial, environmental and scientific interest.
This substance is widely used as a chlorinating [1] and/or sulfonating [2] reagent and, it is
also considered as a component of the catholyte system in batteries [3]. Recently, SO2Cl2
has been suggested as the minor constituent of the Venus atmosphere where it might play a
catalytic role [4].

Studies on the electron-assisted processes involving SO2Cl2 molecules started some
decades ago; however, the respective data still remain scarce and fragmentary. To date,
experimental works on e−–SO2Cl2 reactions concerned just the formation of negative ions
[5–8] and/or ionization [6] induced by the electron impact, but derived electron-scattering
intensities were reported in arbitrary units only.
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The present work is one in a series of our experiments carried out to provide the absolute
electron-scattering total cross sections (TCS) from low to intermediate energies for molecules
of scientific as well as practical importance. The TCS is an electron-scattering quantity which
can be obtained in an absolute scale, within a typical accuracy of 3–10% from low to high
impact energies. Due to its summary nature, the TCS contains overall information on the
scattering processes. Therefore, the explanation of TCS variation versus energy, especially
the origin of its spectacular features, demands complementary data concerning particular
scattering channels. Nevertheless, the TCS data alone also give valuable information on the
scattering phenomena. Reliable absolute TCS data may be used for rough but reasonable
estimations of partial cross sections for targets for which scattering data are not available due
to experimental or computational difficulties, and may be used as well for normalization of
scattering intensities obtained in arbitrary units. Because the TCS is often the only available
absolute electron-scattering intensity, it is particularly useful as a quantitative test of the
validity of theoretical models and computational procedures. Additionally, the TCS features
indicate energy regions which may be worth of further more detailed investigations. Last but
not the least, accurate electron-scattering TCSs are indispensable when studying the role of
projectile in the scattering [9].

Moreover, systematic studies on the TCS energy dependences for a series of targets often
reveal some regularities in the TCS behaviour when going across the given target family
[10–14]. Consequently, the TCS study may give valuable insight into the role of a molecular
structure in the scattering dynamics, being the stimulus for theoretical investigations [15].
Indeed, the recent TCS experiments [16–18] have already indicated that the arrangement of
atoms in a molecule essentially influences the low-energy TCS behaviour (isomeric effect).
It was also possible to observe some substitutional effect, e.g. replacing hydrogen atoms in
a molecule with fluorine distinctly changes the shape of the TCS low-energy function and
strongly increases the cross-section magnitude above the ionization threshold (perfluorination
effect; cf [18–26]). Most of the aforementioned experiments concerned, however, perhydro-
and/or perfluoro-carbons only. Therefore, to look for regularities in another group of
molecules our research work has been recently directed towards sulfur-containing species.

As mentioned above, the primary motivation of the present work was to measure
absolute total cross sections for scattering of low- and intermediate-energy electrons by
SO2Cl2 molecules. The next goal was to calculate total cross sections for electron scattering
from SO2Cl2 and SO2F2. The measured and calculated TCS results for SO2Cl2 are then
compared with experimental and theoretical TCS data for other molecules (SO2F2 and SO2ClF)
containing a sulfone group and for SO2 as well.

2. Experimental procedure

An electron-transmission spectrometer is used for the absolute electron-scattering TCS
measurements. The experimental set-up and procedure applied in the present work are in
principle almost the same as those used in the series of our recent TCS experiments [13, 27]
and therefore are only summarized here. The spectrometer consists of an electron source, an
electrostatic 127◦ cylindrical condenser for energy selection, a system of electrostatic lenses to
form an electron beam, a scattering cell followed by a retarding field lens system and a Faraday
cup as an electron detector. The detector accepts electrons from within a solid angle of nearly
0.8 msr. Elements of the electron optics are housed in a vacuum chamber at a base pressure
of 20 µPa, which rises to 0.2–1 mPa when a target vapour is admitted. The magnetic field
over the whole electron optics volume of the spectrometer is reduced to a value below 0.1 µT.
The target vapour, filling up the scattering cell, is irradiated by an electron beam of desired



Electron collision with sulfuryl chloride (SO2Cl2) molecule 2573

energy E (�E ∼ 0.1 eV, fwhm). These electrons which emerge from the cell throughout the
exit aperture cross the retarding field assembly which prevents inelastically scattered electrons
being collected with the Faraday cup.

The total cross section, Q(E), is derived from intensities of the transmitted electron
currents measured in the presence, I (E, p), and absence, I (E, p = 0), of the target molecules
in the reaction cell, and applying the Bouguer–de Beer–Lambert (BBL) relationship

Q(E) = k
√

TmTc

pL
ln

I (E, 0)

I (E, p)
,

in which the thermal transpiration effect [28] is accounted for; k denotes the Boltzmann
constant, L (=30.5 mm) is the electron path length in the scattering chamber, p stands for the
target gas pressure, while Tc (310–320 K) and Tm (=322 K) are the temperature of the scattering
cell and the temperature of the mks manometer head, respectively. All these quantities are
measured directly and therefore the obtained total cross sections are in the absolute scale. Data
acquisition and their processing are controlled by a PC.

As a reference for the energy scale, the resonant undulating structure visible at around
2.3 eV when N2 is admixtured is used. A small incremental shift of the energy scale was
observed in course of the experiment, probably due to strong reactiveness of SO2Cl2 with the
electron optics elements. This shift increases the ultimate uncertainty of the electron energy
to about 0.12 eV.

Carrying out the measurements, some extra difficulties were encountered related to the
presence of SO2Cl2 traces effusing from the scattering cell into the region of filament and
electron optics volume. To lessen the influence of the target vapour on the incident electron
beam and, in consequence, on the measured TCS, the whole electron optics was first passivated
with SO2Cl2. Then, in the course of the TCS measurements, the target was supplied alternately
into the reaction cell and its surrounding in such a way that the background pressure in the
region of the filament and electron optics was maintained constant irrespective of whether the
target was present in the cell or not. Such a procedure assured independence, within statistical
uncertainty, of the incident electron beam and the measured TCS of the applied target pressure
(40–200 mPa). To reduce condensation of SO2Cl2 vapours on the electron optics surfaces,
their elements were heated to about 315 K. However, an accumulation of SO2Cl2 on the
walls of a vacuum chamber (kept at room temperature) noticeably prolonged the evacuation
time for the SO2Cl2 vapour and gradually, though slowly, increased the background pressure
in the electron optics region. In addition, reactiveness of SO2Cl2 with elements of electron
optics caused a gradual worsening of the transmission of electrons across the spectrometer.
Therefore, after few days of measurements, the cleaning of the electron optics elements was
necessary; such a procedure restored properties of the spectrometer to a satisfactory level.
The corrosive action of the SO2Cl2 vapour resulted also in unremovable damage of the rotary
pump system.

The TCS in every single run is derived from the average of single electron current
intensities, 100 taken with and 100 without the target in the scattering cell, and from the
respective target pressure readings. The lowering of the electron current transmission during
the single run was negligible and did not influence the measured TCS. The final TCS value
at each energy is a weighted mean of results from a series (4–10) of individual runs (7–10 in
series). The problems mentioned above forced us to reduce the number of series carried out
in our typical TCS experiments. Anyway, the statistical uncertainty of the TCS is below 2%
over the entire energy range investigated. The systematic uncertainty of our absolute cross
sections is a sum of uncertainties related to the forward small-angle scattering, to the factor
pL in the BBL relationship and to the electron intensity readings; the results at low energies,
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where the TCS energy function changes steeply, may be charged with an extra uncertainty
due to the shift in the energy scale. The overall systematic uncertainty amounts up to 8–10%
below 3 eV, decreases gradually to 5% in the energy range of 10–100 eV and reaches again
about 7% at higher applied energies.

A commercially supplied sample of SO2Cl2 (liquid of 97% purity from Aldrich) was
purified before using it in a series of freeze-pump-thaw cycles to remove air and other impurities
volatile at the liquid N2 temperature. To avoid the influence of possible decomposition of
SO2Cl2 into SO2 and Cl2 on the measured TCS, after few days the target handling system was
cleaned up and refilled with a new portion of the SO2Cl2 probe. The absence of low-energy
TCS feature characteristics for SO2 [29] and those for Cl2 [30, 31] in the TCS for SO2Cl2
assures us that the decomposition of SO2Cl2 in the target inlet system is not significant in our
experiment.

3. Methods of calculations

Complementary to the experimental work, we have estimated theoretically the total cross
section for electron–SO2Cl2 scattering at intermediate energies, and in addition for a SO2F2

molecule. One of the motivations for calculation of the cross section for SO2Cl2 is that we
did not obtain experimental data above 150 eV due to the difficulties we met in course of the
e−–SO2Cl2 experiment. The need for intermediate-energy total cross-section predictions for
SO2F2 comes from two facts: to date, the experimental TCS values for this molecule are not
reported above 12 eV and the only available low-energy data [33] are significantly lower than
those for a SO2 molecule [29], which at higher collision energies is rather unusual. The total
cross sections calculated for SO2Cl2 and SO2F2 can be compared with recent computations
for another member of the family—SO2ClF [34]. For discussion and test purposes, we have
also calculated ionization (ICS) and elastic cross sections (ECS) for SO2 for which a more
extensive data set of experimental and theoretical cross sections is available (cf [29]). The
theoretical approach and computational methods used in the present calculations are nearly
the same as those we have used in previous works [34–37]; thus, only a short description of
applied procedures is provided here.

The cross sections for electron-impact ionization of SO2, SO2Cl2 and SO2F2 molecules
at energies ranging from the ionization threshold up to 4000 eV have been computed within
the binary-encounter-Bethe (BEB) formalism [38]. According to this approximation, the
electron-impact ionization cross section per molecular orbital is given by the relation

σ BEB = S

t + u + 1

[
ln t

2

(
1 − 1

t2

)
+ 1 − 1

t
− ln t

t + 1

]
,

where S = 4πa2
0NR2/B2 (a0 = 0.5292 Å, R = 13.61 eV), u = U/B, t = T/B, and T is

the energy of the impinging electron. The total cross section for electron-impact ionization
(ICS) has been obtained as the sum of σ BEB for all occupied molecular orbitals. All molecular
parameters necessary to compute the ionization cross section within the BEB approach such
as the electron binding energy, B, kinetic energy of the orbital, U, and orbital occupation
number were obtained for the ground states of the geometrically optimized molecules with the
Hartree–Fock method using the GAUSSIAN 03 code [39] and the Gaussian 6-311G basis set;
as a starting molecular geometry, the experimental values of bond length and angles have been
used (see table 3). Because the valence orbital energies obtained this way usually have slightly
higher values than the experimental ones, we additionally performed the outer valence Green
function calculations of correlated electron affinities and ionization potentials [40], also with
the GAUSSIAN 03 code. Obtained this way, the ionization cross section for a SO2 molecule



Electron collision with sulfuryl chloride (SO2Cl2) molecule 2575

(not presented in this paper) agrees well according to the shape and value with published
theoretical [41] and experimental [42, 43] ionization data.

Elastic electron-scattering cross sections for SO2, SO2Cl2 and SO2F2 molecules, between
30 and 4000 eV, have been calculated with the independent atom method (IAM) [44] with a
static and polarization model potential. In this approximation, the integral cross section for
elastic electron–molecule scattering is given by

σ EL(E) = 4π

k

N∑
i=1

Im fi(θ = 0, k) =
N∑

i=1

σ el
i (E),

where σ el
i (E) is the integral elastic cross section of the ith atom of the target molecule, E is

the energy, k = √
2E is the wave number of the incident electron, N is the number of atoms

within the molecule, fi(θ, k) is the complex scattering amplitude due to the ith atom of the
molecule and θ is the scattering angle. The atomic elastic ICS for the ith atom of the target
molecule, σ el

i (E), has been computed according to

σ el = 4π

k2


 lmax∑

l=0

(2l + 1) sin2 δl +
∞∑

l=lmax+1

(2l + 1) sin2 δ
(B)
l


 .

To obtain phase shifts δl , partial wave analysis has been employed and the radial Schrödinger
equation, [

d2

dr2
− l(l + 1)

r2
− 2(Vstat(r) + Vpolar(r)) + k2

]
ul(r) = 0,

has been solved numerically under the boundary conditions

ul(0) = 0, ul(r) =r→∞−→ Al̂l(kr) − Bln̂l(kr),

where ̂l(kr) and n̂l(kr) are the Riccati–Bessel and Riccati–Neumann functions, respectively.
The electron–atom interaction has been described by a sum of static [45], Vstat(r), and
polarization [46, 47], Vpolar(r), model potentials. The phase shifts δl are related to the
asymptotic form of the wavefunction, ul(r), by

tan δl = Bl

Al

.

The exact phase shifts have been calculated for l up to lmax = 50, while those for l > 50 have
been included through the Born approximation. It has been shown that the elastic integral cross
section calculated within such an approximation reasonably well reproduces the experimental
elastic cross section for electron scattering from polyatomic molecules at collision energies
typically above 70 eV [35].

Finally, we have estimated the total cross section for electron scattering from SO2, SO2Cl2
and SO2F2 molecules as a sum of the calculated ionization and elastic cross sections. It is worth
noting that the approach used in the present work has been recently employed successfully to
reproduce the total cross sections for electron scattering from NF3 [26], SO2ClF [34] and SF4

[37] molecules, at energies above 70 eV.

4. Results and discussion

4.1. Sulfuryl chloride, SO2Cl2

Variation of the absolute electron-scattering grand total cross section for SO2Cl2 measured
in the present experiment at energies ranging from 0.5 to 150 eV is shown in figure 1. The
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Figure 1. Energy dependence of the present (•) experimental e−–SO2Cl2 TCS and present
calculated cross sections: ——, total (elastic + ionization); - - - -, elastic (IAM); — · · —,
ionization (BEB). The error bars at selected points represent the sum of statistical and systematical
uncertainties.

Table 1. Absolute total cross section (TCS) for electron scattering from sulfuryl chloride (SO2Cl2)
molecules in units of 10−20 m2.

Energy (eV) TCS Energy (eV) TCS Energy (eV) TCS Energy (eV) TCS Energy (eV) TCS

0.5 55.0 1.6 38.6 4.0 44.4 9.0 52.9 25 40.8
0.6 53.2 1.8 37.9 4.5 44.9 9.5 53.8 27 40.1
0.7 51.1 2.0 38.8 5.0 45.7 10 53.3 30 38.5
0.8 46.8 2.2 41.0 5.5 46.7 11 53.0 35 36.7
1.0 43.7 2.5 43.5 6.0 48.2 12 51.9 40 35.6
1.1 41.7 2.7 44.3 6.5 49.0 14 49.4 50 34.0
1.2 40.9 3.0 44.8 7.0 49.4 16 47.0 70 30.9
1.3 41.0 3.2 44.3 7.5 50.5 18 44.5 100 28.2
1.4 40.3 3.5 44.9 8.0 51.1 20 43.3 150 24.1
1.5 39.8 3.7 43.8 8.5 52.2 22 42.1

experimental data are compared with the total cross section composed as a sum of elastic
integral and ionization cross sections computed in this work, at intermediate energies. The
experimental TCS numerical data are listed in table 1 while the calculated cross-section values
are available in table 2. We are not aware of any other experimental TCS as well as theoretical
cross sections for the e−–SO2Cl2 collision.

The most characteristic feature of the measured electron–SO2Cl2 TCS energy dependence
is the deep minimum (38 × 10−20 m2) located around 1.8–2 eV. Towards lower energies, the
TCS increases up to 55×10−20 m2 at 0.5 eV. Such a steep behaviour of the low-energy TCS is
predominantly related to direct scattering of electron projectile in a strong field of a long-range
electron–molecule interaction (the permanent electric dipole moment of SO2Cl2 is relatively
high and amounts to 1.81 D; the electric dipole polarizability is 10.5 × 10−30 m3 [48]). In a
long-distant field of a molecule, the interaction time between the slow impinging electron and
the molecule lasts relatively long, which results in the enhancement of the low-energy cross
section. A weak shoulder noticeable on the descending TCS curve near 1.2 eV may, however,
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Table 2. Ionization (ICS) and integral elastic (ECS) cross sections calculated for electron impact
on SO2Cl2 molecule (in units of 10−20 m2).

Energy (eV) ICS Energy (eV) ICS ECS Energy (eV) ICS ECS

12.4 0.00 40 5.84 37.9 250 6.81 12.4
13.0 0.0282 45 6.44 34.8 300 6.28 11.2
14.0 0.0848 50 6.92 32.1 350 5.82 10.3
15.0 0.230 60 7.59 28.1 400 5.42 9.60
16.0 0.428 70 8.00 25.2 450 5.08 8.97
17.0 0.707 80 8.23 23.0 500 4.77 8.43
18.0 0.993 90 8.35 21.4 600 4.26 7.56
19.0 1.275 100 8.39 20.1 700 3.86 6.87
20.0 1.554 110 8.37 19.0 800 3.53 6.31
22.0 2.14 120 8.32 18.2 900 3.25 5.85
25.0 2.97 140 8.14 16.7 1000 3.02 5.46
27.0 3.48 160 7.91 15.6 2000 1.80 3.42
30.0 4.15 180 7.66 14.7 3000 1.30 2.67
35.0 5.09 200 7.41 13.9 4000 1.03 2.41

Table 3. A comparison of selected properties for SO2-containing molecules (X, Y = F, Cl;
cf figure 3); interatomic distances and angles in sulfuryl halides are from [49].

Distance (10−10 m) Angle (deg)
Dipole moment Polarizability

Molecule (Debye) (10−30 m3) S—O S—Cl S—F OSO XSY

SO2Cl2 1.81a 10.5a 1.418 2.012 123.5 100.3
SO2ClF 1.5–1.9b 9.1c 1.409 1.986 1.540 123.3 98.1
SO2F2 1.12a 6.7c 1.397 1.530 122.6 96.7
SO2 1.63a 3.7–4.3a 1.431a 119.3a

a [48].
b [34].
c Based on the formula from [50].

be a resonant in the origin. In the resonant channel, the incident electron of energy from an
appropriate range attaches temporarily to the target molecule and forms a negative ion for a
time interval long compared to the electron passage time. Subsequently, the transient anion
can decompose via electron auto-detachment and/or throughout dissociation into the negative
fragment and neutral. Evidence for the presence of resonant processes in the region of the
1.2 eV feature comes from experiments [5, 7, 8] in which fragment anions (Cl−, Cl−2 ) were
detected between 0.6 and 2 eV, with the narrow peaks centred within 0.9–1.2 eV.

At energies beyond 2 eV the measured TCS starts to increase again. Between 3 and 6 eV,
experiments on dissociative electron attachment [5, 7, 8] reveal formation of numerous negative
fragment ions (e.g. Cl−, Cl−2 , SO−

2 ), with the intensities peaked at about 5.1, 4.4 and 5.2 eV,
respectively. This suggests that the resonant processes contribute noticeably to the scattering
around 4–5 eV, which reflects as the distinct shoulder visible between 3 and 5 eV on the
rising left-hand slope of the TCS function. The pronounced TCS enhancement peaks near
9.5 eV with the value of 54 × 10−20 m2. A more thorough inspection of the maximum
vicinity reveals another weak (but repetitive) structure located near 12 eV. Such features, near
10 eV, are probably the common behaviour of molecules with external chlorine atoms (cf
[13, 31, 32]) and are in part related to resonant effects. Therefore, we suggest that the peak
at 9.5 eV and the shoulder near 12 eV may be connected with the formation of Cl− ions via
dissociative electron attachment and dissociative ionization as well. Based on the results for
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Figure 2. A comparison of electron-scattering total cross sections for some sulfur-containing
molecules. Experimental TCS: •, SO2Cl2, present; �, SO2ClF, [34]; +, SO2F2, [33]; ◦, SO2,
[29]. Theoretical TCS (present): ——, SO2Cl2; · · · · · ·, SO2F2; — · · —, SO2; and - - - -,
SO2ClF [34].

targets for which electron-scattering processes are known much better, one may suppose with
high certainty that the main contribution to the TCS in the region of the broad enhancement
comes from elastic direct scattering although some inelastic direct and resonant processes are
also possible. Further speculation on the share of different processes in the TCS enhancement
range is an arduous task and almost impossible to carry out because with the impact energy
increase, numerous new scattering channels become opened, and more detailed scattering data
around the TCS maximum are not available as yet.

Above 12 eV the measured e−–SO2Cl2 TCS energy function decreases rather
monotonically down to 24×10−20 m2 at 150 eV, the highest applied energy. Our computations
show (figure 1) that the shape and magnitude of the experimental TCS at intermediate
energies (more precisely between 70 and 150 eV) are satisfactorily reproduced by the sum
of the calculated elastic and ionization electron-scattering cross sections, and indicate that at
intermediate energies these two processes dominate the e−–SO2Cl2 scattering. Taking into
account that computations we have performed hitherto for other polyatomic targets agree fairly
well with observations above 70 eV, we suppose that the present calculations also represent
true intermediate-energy electron-scattering TCS adequately. Below 70 eV, however, as the
energy decreases, the computations become more and more higher than the measurements
(figure 1). This is mainly due to inadequacy of the independent atom approximation for an
appropriate description of elastic scattering at low energies. At these energies, the wavelength
of the impinging electron becomes comparable with the molecular size and the screening
effects should be taken into consideration (cf [51, 52]).

4.2. Comparison with other SO2-containing molecules

Figure 2 summarizes the experimental TCS results for sulfone derivatives (SO2Cl2, SO2ClF
and SO2F2) together with measurements for a SO2 molecule. The TCS measurements for
SO2Cl2 (present), SO2ClF [34] and SO2 [29] were taken in our laboratory, while those for
SO2F2—available only at low energies—come from an outer source [33]; unfortunately, due
to some regulations, we could not purchase the SO2F2 sample. The total cross sections
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Figure 3. A schematic diagram of SO2XY (X,Y = Cl,F) molecular geometry. For values of
interatomic distances and angles, see table 3.

Table 4. Ionization (ICS), integral elastic (ECS) and total (ICS + ECS) cross sections calculated
for electron impact on a SO2F2 molecule (in units of 10−20 m2).

Energy Energy Energy
(eV) ICS (eV) ICS ECS Total (eV) ICS ECS Total

40 3.93 29.0 32.9 250 5.43 8.68 14.1
13.597 0.0 45 4.42 26.2 30.6 300 5.04 7.82 12.9
14.0 0.0154 50 4.82 24.0 28.8 350 4.70 7.14 11.8
15.0 0.0901 60 5.42 20.8 26.2 400 4.40 6.60 11.0
16.0 0.201 70 5.82 18.6 24.4 450 4.13 6.14 10.3
17.0 0.342 80 6.07 16.9 23.0 500 3.89 5.75 9.64
18.0 0.503 90 6.22 15.7 21.9 600 3.49 5.12 8.61
19.0 0.663 100 6.31 14.7 21.0 700 3.17 4.62 7.79
20.0 0.819 110 6.34 13.8 20.2 800 2.90 4.23 7.13
22.5 1.25 120 6.34 13.1 19.5 900 2.68 3.90 6.58
25.0 1.72 140 6.27 12.0 18.3 1000 2.49 3.62 6.11
27.5 2.18 160 6.15 11.2 17.3 2000 1.49 2.20 3.69
30.0 2.61 180 6.00 10.4 16.4 3000 1.08 1.71 2.79
35.0 3.34 200 5.84 9.84 15.7 4000 0.854 1.59 2.44

computed in the present work for these compounds are also shown in figure 2 for comparison.
The computed cross sections for SO2F2 are listed in table 4. Figure 3 illustrates the geometry
of sulfone-containing molecules under study; they all have distorted tetrahedral configuration
with the sulfur atom located in the centre.

With respect to the shape, the low-energy part of the measured TCS for SO2Cl2 closely
resembles the behaviour of TCS for SO2ClF [34]. The minimum and both neighbouring
shoulders visible in the e−–SO2Cl2 TCS function are, however, shifted towards lower energies
by about 1 eV while location of the maximum in both curves is the same, about 9.5 eV.
Between 20 and 40 eV, the curves for SO2Cl2 and SO2ClF distinctly differ; the TCS for
SO2ClF has a broad shoulder (attributed to the presence of fluorine atom) while the SO2Cl2
function monotonically decreases. There is also a weak similarity between the SO2Cl2 curve
and the SO2F2 curve [33], over the energy range where both were measured. Surprisingly,
at low energies there is a much better likeness with regard to the shape of the TCS curves
for SO2F2 and SO2. Such a close similarity of both curves indicates that addition of fluorine
atoms to a SO2 molecule influences the shape of the low-energy TCS much less than addition
of chlorine.
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In view of the TCS magnitude, over the whole energy range investigated, the experimental
and theoretical TCS values for sulfone derivatives follow their geometrical size; the larger the
molecule (cf table 3), the higher the TCS value. There are some indications, however, that
the TCS for SO2F2 [33] is distinctly underestimated (by about 20–30%). Support for such a
conclusion arises from a comparison of TCS behaviour for fluorinated targets and from the
fact that experimental data for other targets (e.g. CHF3, CF4, c-C4F8), obtained in the same
laboratory where SO2F2 data were taken, are systematically lower than those of other groups
(for references, see [53]). On the other site, it is interesting that transparency of SO2F2 at low
energies is much higher, nearly twice, than that of a SO2 molecule.

5. Summary

In this paper we reported the absolute grand total cross section (TCS) for 0.5–150 eV electrons
scattered by SO2Cl2 molecules measured using a linear transmission method. In the low-
energy range some features in the TCS are discernible which can be explained through
resonant processes. Generally, the shape of the e−–SO2Cl2 TCS is very similar to that of
SO2ClF, except for energies between 20 and 40 eV. Our calculated intermediate-energy total
(elastic + ionization) cross section reproduces quite satisfactorily the experimental e−–SO2Cl2
TCS data between 70 and 150 eV. Such a good agreement between experiment and theory
lets us to believe that above 150 eV, the calculated cross section reasonably complements
the measured TCS values. A comparison of e−–SO2XY (X,Y = Cl,F) data suggests that
measurements available for SO2F2 [33] are significantly underestimated. Some similarities and
differences between TCS for sulfone derivatives are pointed out; however, lack of experimental
electron-scattering data for a SO2F2 molecule over a wider energy range makes impossible
more definite statements on the role of molecular configuration in the scattering. Therefore,
additional more detailed experiments for this family of molecules are encouraged as well as
low-energy calculations.
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