
Spectrochimica Acta Part A 62 (2005) 221–225

A scaled quantum mechanical force field for the sulfuryl halides
II. The SO2XF (X = Cl, Br) halides
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Abstract

Force fields and vibrational wavenumbers were calculated for the molecules SO2XF (X = Cl, Br) using DFT techniques. The previously
available experimental data and assignments for SO2ClF and SO2BrF were partially confirmed by the theoretical results. These data were
subsequently used in the definition of scaled quantum mechanics force fields for such molecules. A comparison of the obtained force constants
is made with results previously published for the SO2X2 molecules.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

A revision of the vibrational assignments published for the
symmetric sulfuryl halides SO2X2 (X = F, Cl) and a calcula-
tion of the corresponding quantum mechanical force fields
(including that of the still unknown SO2Br2) was the object
of a previous work[1]. The mixed halides SO2XF, of which
only these having X = Cl or Br are known, are now consid-
ered.

The sulfuryl chloride fluoride, SO2ClF, was studied before
in many opportunities, being known the Raman spectrum of
the liquid [2–4], the infrared spectrum of the gas[3,4] and
the microwave spectrum[5]. This last study furnished a set
of geometrical parameters for that molecule. The measured
normal vibrational wavenumbers were used for the calcula-
tion of force fields in the Urey-Bradley approximation[6,7]
or in terms of a general harmonic force field[5,8,9]. A theo-
retical calculation of geometrical parameters and vibrational
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wavenumbers was also performed as part of a study on the
enthalpy of formation[10].

Less studied was the sulfuryl bromide fluoride, SO2BrF,
for which infrared and Raman spectra[11,12]or a discussion
of previous results[13] were published. Force constants cal-
culations were also reported for this molecule, either in the
Urey-Bradley approximation[7] or as a general force field
[9].

In the present study density functional theory (DFT)
calculations were made on SO2ClF and SO2BrF in order to
obtain optimized geometrical structures, wavenumbers of
the normal modes of vibration and force constants. Scaled
quantum mechanical (SQM) force fields were defined for
each molecule, based on the wavenumbers reported in the
literature.

2. Calculations

The optimized structures and vibrational wavenumbers
were calculated at different levels of theory and with several
basis sets, following the methodology previously used for
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Fig. 1. The calculated molecular structure for the SO2XF species.

Table 1
Optimized geometric parameters for the molecules SO2ClF and SO2BrF and
experimental values for SO2ClF

SO2ClF SO2BrF

Calculateda Experimentalb Calculateda

Bonds (̊A)
S O 1.437 1.409 1.439
S F 1.592 1.540 1.596
S X 2.034 1.986 2.200

Angles (◦)
O S O 124.2 123.3 123.9
F S X 97.2 98.1 97.4
O S F 107.1 107.3 107.0
O S X 108.9 109.0 109.1

a B3PW91/6-31G* calculation.
b Ref. [5].

the SO2X2 molecules (see[1]). Here again, the combination
of the B3PW91 functional and the 6-31G* basis set allowed
the best approximation to the experimental wavenumbers and
therefore these results were used for subsequent calculations.

For the SO2XF molecules, as observed before for the sym-
metrical SO2X2 species[1], the introduction of polarization
functions in the used basis sets improved the agreement be-
tween calculated and observed wavenumbers, whereas the

introduction of diffuse functions was detrimental for such cal-
culation. An inverse behaviour, i.e. best results with diffuse
functions and worst results with polarization functions, were
observed when the central atom in similar simple species is
a transition metal, as in the case of the VO2X2

− anions[14]
and VOX3 molecules[15]. Both situations were observed in
the theoretical study of the cation (non-metallic central atom)
and anion (transition metal central atom) present in the salt
PCl4+VOCl4− [16].

The results obtained in the exploratory calculations at the
Hartree–Fock level or using the B3LYP and B3PW91 func-
tionals at the DFT level, with different basis sets, are avail-
able asSupplementary Material. These results show also the
effect which the introduction of polarization and/or diffuse
functions have on the predicted wavenumbers.

Scaling of the theoretical force field was made according
to the scheme of Pulay et al.[17], as detailed in the previous
work [1].

3. Structural results

The calculations produced the expected pseudo-
tetrahedral structures withCs symmetry depicted inFig. 1.
Structural geometrical parameters were reported only for
SO2ClF, after a microwave study by M̈uller and Gerry
[5]. These experimental parameters are compared with the
theoretical ones inTable 1. Calculated distances resulted
larger by 0.052̊A or less whereas calculated angles do not
differ in more than 0.94◦ from the experimental values. Here
again, as in the case of the SO2X2 molecules, the lowest level
exploratory calculation (HF/6-31G* ) reproduced notably
well the known molecular geometry, with differences not
greater than 0.009̊A for distances and 0.37◦ for angles (see
theSupplementary Material).

4. Vibrational results

The normal modes of vibration of the SO2XF molecules,
with Cs symmetry, are classified as 6A′ + 3A′′. The mea-

Table 2
Natural internal coordinates for SO2XF

Definition (according toFig. 1) Descriptiona

A′
S1 = r(1-2) +r(1-3) νSO2 symmetric
S2 = d(1− 4) νS F
S3 =α(4-1-2) +α(4-1-3)− α(5-1-2)− α(5-1-3) Wag. SO2

S4 = 4θ(2-1-3)− α(4-1-2)− α(4-1-3)− α(5-1-2)− α(5-1-3) δSO2

S5 = l(1-5) νS X
S6 = 4φ(4-1-5)− α(4-1-2)− α(4-1-3)− α(5-1-2)− α(5-1-3) δFSX

A′′
S7 = r(1-2)− r(1-3) νSO2 antisymmetric
S8 =α(4-1-2)− α(4-1-3) +α(5-1-2)− α(5-1-3) ρSO2

S9 =α(4-1-2)− α(4-1-3)− α(5-1-2) +α(5-1-3) Twist. SO2

a ν, stretching;δ, deformation;ρ, rocking.
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