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Fourier-transform microwave spectroscopy
of the ClSO radical†

Ching-Hua Chang, Cheng-Han Tsai, Yi-Ting Liu and Yasuki Endo *

Pure rotational transitions of the ClSO radical have been observed by Fourier-transform microwave

spectroscopy. a-type and b-type transitions, for both 35Cl and 37Cl isotopologues, were detected, and the

observed very complicated fine and hyperfine components were assigned well. The intensities of the

observed spectra of the two isotopologues correspond to the ratio of the isotope abundances of 35Cl and
37Cl. A total of 21 molecular constants were determined precisely for both 35ClSO and 37ClSO, including the

rotational constants, centrifugal distortion constants, electronic spin-rotation constants, nuclear spin-rotation

constants, magnetic hyperfine constants, and quadrupole coupling constants of chlorine. The molecular

constants show ClSO to have the 2A00 electronic ground state with an out-of-plane unpaired electron. The

spin density of the chlorine atom is about 10.6%, which is similar to that of the fluorine atom for FSO, about

8%. Results of the ClSO radical are compared with those of other triatomic radicals with similar structures,

the XSS, XSO, and XOO radicals with X = H, F, and Cl, leading to a conclusion that the ClSO radical is more

like FSO, but fairly different from the FOO and ClOO radicals.

Introduction

The sulfinyl chloride radical, ClSO, has been investigated
widely as it can be produced by UV absorption of thionyl
chloride, Cl2SO,1 which is a common source of Cl atoms in
organic syntheses. Cl2SO plays an important role in chemical
reactions of chlorine cycles with sulfide and other molecules in
the atmosphere. It can dissociate to Cl, ClSO, Cl2 and SO
through different UV dissociation pathways,1–3 involving:

Cl2SO - 2Cl + SO three-body dissociation, (1)

Cl2SO - ClSO + Cl Cl elimination, (2)

and

Cl2SO - Cl2 + SO molecular elimination. (3)

At 193 nm, more than 80% of Cl2SO undergoes the three-body
dissociation, and the branching ratio of the Cl-elimination
channel is about 17%.2 Only 3% of Cl2SO dissociates through
the molecular elimination. At 248 nm, the Cl-elimination
channel dominates, and about 96.5% of Cl2SO dissociates into
ClSO and Cl. The remaining (3.5%) of the Cl2SO mostly
proceeds via the molecular elimination channel.

Cl2SO photolysis was investigated using step-scan Fourier-
transform infrared spectroscopy by Chu et al.4 A mixture of
Cl2SO and Ar was photolyzed using a KrF excimer laser at
248 nm, and production of ClSO was confirmed. The S–O
stretching (n1) mode was detected in the region 1120–1200 cm�1

with a resolution of 0.3 cm�1. The rotational structure was revealed
for the Q branch at 1162.9 cm�1 in the IR absorption spectrum.

More recently, an absorption spectrum in the region of
260–320 nm was detected by Chao et al.5 They assigned a ClSO
band around 300 nm to the 12A0 ’ X2A00 transition. The
kinetics of the ClSO + Cl - Cl2SO reaction was also studied
using strong UV absorption at pressures in the range of
10–90 torr at 292 K.5 They found strong pressure dependence
for kCl+ClSO, and it was not strongly affected by the buffer gas.
They also detected the absorption spectrum in the region of
350–480 nm.6 The 12A0 ’ X2A00 and 22A0 ’ X2A00 transitions
with a peak at 385 nm were observed. The conical intersection
between the 12A0 and 22A0 excited states was calculated, and the
geometry of the minimum-energy conical intersection was
found to be similar to the ground-state geometry. They found
that the two 2A0 excited states mix due to the strong vibronic
coupling.

The HSO radical, a member of a series of molecules XSO,
has just been observed by Marcelino et al.7 in the interstellar
medium (ISM), where the fine and hyperfine components of
rotational transitions of HSO were detected toward TMC-1 and
the cold clouds L183, L483, L1495B, L1527, and Lupus-1A using
Yebes 40 m and IRAM 30 m telescopes. This detection shows
that HSO is widespread in cold dense cores. ClSO, which is a
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chlorine substituted species of HSO, may be one of the candi-
dates to be detected in the ISM, although the Cl abundance is
not so high in the ISM.

The pure rotational spectrum of ClSO was studied by Saito
et al. around 60 GHz using microwave spectroscopy in a glow
discharge of a gas mixture of O2 and S2Cl2 diluted in Ar.8 The
rotational constants, the centrifugal distortion constant DN, the
spin-rotation constants eaa, ebb, and ecc, and the hyperfine
constants were determined in their research as given in
Table 1. As the instruments being improved recent years, we
could investigate this radical in more detail with Fourier trans-
form microwave (FTMW) spectroscopy. It is also possible to
study the isotopologues 35ClSO and 37ClSO. The FSO and HSO
radicals, which also belong to the XSO molecules, have been
studied using microwave and mm-wave spectroscopy,9,10 where
their fine and hyperfine constants have been determined pre-
cisely. The XSS and XOO radicals are analogous species to the
XSO radicals, and that they all have the A00 ground state, and
they also have been studied by rotational spectroscopy.11–18 It is
thus interesting to compare the molecular constants with these
radicals to see similarities and differences.

Quantum chemical calculations

The molecular structure of 35ClSO was optimized using the
open-shell coupled cluster theory with perturbative triples
corrections (RCCSD(T)) with explicitly correlated approxi-
mation (F12A) using the basis set of cc-pCVTZ-F12,19,20 where
all electrons were correlated. Calculations were performed
using the MOLPRO 2022.3 program.21 The rotational constants
of the RCCSD(T)-F12A/cc-pCVTZ-F12 optimized structure are
Ae = 32 703.8 MHz, Be = 4582.5 MHz, and Ce = 4019.3 MHz. The
values agree with those reported in ref. 8 as shown in Table 1.
The calculated dipole moment component, mb, is much larger
than ma. The fine and hyperfine constants were calculated using
the DFT method with the B3LYP/aug-cc-pVTZ level of theory
performed using the Gaussian 16 computational chemistry

software package.22 Although the DFT calculation reproduces
well the spin-rotation constants and the dipolar hyperfine
coupling constants, the calculated Fermi contact coupling
constant and the quadrupole coupling constants are different
from those reported in ref. 8.

The molecular constants of 37ClSO were calculated using the
same methods as those of 35ClSO. Then, the rotational con-
stants and the spin-rotation constants were scaled with the
calculated values and experimentally determined values of
35ClSO. The magnetic hyperfine constants and the quadrupole
constants of 37ClSO were calculated from the experimental
values of 35ClSO, which were scaled by the ratios of the
magnetic moments and the quadrupole moments of 35Cl and
37Cl, respectively.23

Experimental

The pure rotational transitions of the ClSO radical were
observed using a Balle-Flygare type Fourier-transform micro-
wave (FTMW) spectrometer and a double resonance system,
which have been described in detail previously.24 In brief, the
ClSO radical was generated in a supersonic jet in a pulsed-
electronic discharge of a gas mixture, ca. 0.3% of Cl2SO diluted
in Ar or Ne. The mixture, at a stagnation pressure of typically 3
atm, was transferred to the vacuum chamber through a pulsed-
solenoid valve located at the center of one of the mirrors for the
Fabry–Pérot cavity. The radicals were produced by an electric
discharge in the electrodes attached in front of the nozzle of the
pulsed valve applying a pulsed voltage of 1.3 kV. The rotational
temperature inside the cavity was below 2.5 K. Since the ClSO
radical is an open-shell species, 3 Helmholtz coils surrounding
the cavity were set in this study to compensate the Earth’s
magnetic field. The microwave pulse was emitted from an
antenna located at the center of the other mirror of the cavity

Table 1 Molecular constants of 35ClSO determined previously and by ab
initio calculations

Previous worka Theoryb

A/MHz 32 819.3 32 703.9
B/MHz 4553.2 4582.5
C/MHz 3992.4 4019.3
|ma|/Debye 0.59
|mb|/Debye 1.83
|mc|/Debye 0.00
eaa/MHz �787.8 �818.1
ebb/MHz �78.8 �88.3
ecc/MHz 4.4 5.2
aF(Cl)/MHz 26.4 3.6
Taa(Cl)/MHz �19.0 �17.8
Tbb(Cl)/MHz �10.9 �12.7
waa(Cl)/MHz �7.8 �51.5
wbb(Cl)/MHz 3.3 22.9

a From ref. 8. b Present study. The rotational constants and dipole
moments were calculated at RCCSD(T)-F12/cc-pCVTZ, correlating all
electrons. Other parameters were calculated at B3LYP/aug-cc-pVTZ.

Fig. 1 FTMW spectrum of the 211–110 J = 2.5–1.5 F = 2.0–1.0 transition.
The spectrum is obtained by accumulating 100 shots of free induction
decay signals. The spectral line shows the Doppler doubling due to the
parallel orientation of the microwave and the jet propagations.
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to polarize the molecules. Since the microwave pulse propa-
gates parallel to the jet from the pulse nozzle, the spectral lines
show Doppler doublings as seen in Fig. 1.

The FTMW spectrometer operates in the frequency range of
4–40 GHz to measure low-N pure rotational transitions. Transi-
tions above 40 GHz, including the 322–413, 321–414, and 221–312

transitions in the present study, were observed with an
FTMW-MW double-resonance technique.25 A microwave signal
was monitored using the FTMW spectrometer, and another
microwave radiation was irradiated perpendicular to the moni-
tored microwave in the cavity as a pump microwave to measure
the double-resonance signals. If a rotational transition, whose
upper or lower level is shared by the monitored transition, is
induced by the pump microwave, the double resonance signal is
observed as a decrease of the monitor signal due to the destruc-
tion of coherence. Estimated experimental accuracies of the
frequency measurements for normal FTMW experiments are
about 3 kHz or less, while those of the double resonance experi-
ments are about 10 kHz or a little bit more for weak lines when we
have to put more power to observe the double resonance signals.

Results

First, b-type transitions were searched since the calculated
dipole moment component mb is much larger than ma. The
303–312 transition of 35ClSO was expected in the region of
30 110–30 210 MHz. Four strong paramagnetic lines accompa-
nied by weak lines were observed around 30 140 MHz, which is
very close to the frequencies predicted by the ab initio calcula-
tions and the results in ref. 8 shown in Table 1. Then, we
scanned the region from 30 350 to 30 500 to observe the other
spin component. In this way, many paramagnetic lines were
observed near the predicted frequencies. The observed fine and
hyperfine patterns were reproduced well by the calculated fine
and hyperfine constants. An example of the observed spectral
pattern of the 35ClSO radical is shown in Fig. 2. The upper

spectrum shows the spectral lines with the Earth’s magnetic
field compensation, and the inverted one shows those without
the compensation. The spectral lines from open-shell species
disappeared or split without the compensation, showing the
paramagnetic behavior. After observing b-type transitions with
Ka = 0 and 1, we tried to observe a-type transitions. Although the
dipole moment ma is small in the calculations, the spectral lines
of 101–000, 202–101, and 303–202 transitions were expected to be
sufficiently strong because of the low rotational temperature
inside the cavity. Later, we changed the buffer gas from Ar to
Ne, since Ne is expected to have a less effective cooling effect
and makes the rotational temperature higher. We tried to
observe the a-type transitions with Ka = 2 with a sample gas,
0.3% of Cl2SO diluted in Ne. The intensity of the 322–221

transition was expected to be 11 times weaker than that of
the 303–202 transition when the rotational temperature is
assumed to be 2.5 K. However, the actual ratio was about 30
times weaker. The rotational temperature inside the cavity may
be much lower than 2.5 K, even when Ne was used as a diluent
gas. We also used the mixture diluted by Ne to detect the
624–717 and 716–707 transitions because the energy levels of
these states are relatively high.

After assigning the fine and hyperfine components of
35ClSO, we tried to detect 37ClSO using the scaled constants
as shown in Table 3. Since the patterns of the 211–202 transi-
tions of 35ClSO and 37ClSO were quite similar, transitions of
37ClSO were easily assigned as shown in Fig. 3. The spectral
lines of 37ClSO were three times weaker than those of 35ClSO as
expected by the population ratio of 35Cl and 37Cl. We used this
fact to distinguish the lines of 37ClSO in the complicated
spectrum.

Fig. 2 Observed spectrum of 35ClSO for 211–110. The upper trace (black)
is that observed with the Earth’s magnetic field compensation, while the
lower trace (red) is that observed without the compensation. The marked
spectral lines show the paramagnetic behavior, splitting or disappearance
of the lines without the compensation.

Fig. 3 Observed spectral patterns of 35ClSO and 37ClSO for 211–202. The
upper (black) sticks are observed spectral lines, including 35ClSO and
37ClSO. The blue sticks are the predictions for 35ClSO, and the red ones
are those for 37ClSO. The patterns of the two isotopologues are similar,
and the intensities of the spectral lines correspond to the population ratio
of 35Cl and 37Cl. The numbers in the spectrum are the intensities of the
corresponding lines in an arbitrary unit, showing the intensity ratios
between the isotopologues.
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The FTMW-MW double resonance technique was applied to
observe the spectral lines with transition frequencies above
40 GHz, after the fine and hyperfine components of the transi-
tions below 40 GHz were observed. Only a small region was
required to scan for observing each line since the prediction
was already very accurate.

Finally, a total of 15 b-type transitions and 8 a-type transi-
tions of 35ClSO with N up to 7 and Ka = 0, 1, and 2 were observed
for 35ClSO. The observed transition frequencies are shown in
Table S1 of the ESI.† In addition, a total of 9 b-type transitions
and 6 a-type transitions with N up to 7 and Ka = 0, 1, and 2 were
observed for 37ClSO. The observed transition frequencies are
given in Table S2 of the ESI.†

The observed transition frequencies were analyzed with the
Hamiltonian,

H = Hrot + Hcd + Hsr + Hnsr + Hhf + HQ

where Hrot is the rotational Hamiltonian, Hcd is its centrifugal
distortion term expressed in Watson’s A-reduced form, Hsr is
the spin-rotation term, Hnsr is the nuclear spin-rotation term,
Hhf is the magnetic hyperfine term, and HQ is the electric
quadrupole coupling term. Because there is a Cl atom with non-
zero nuclear spin in the radical, the following coupling scheme
is adopted among the angular momenta involved

J = N + S,

and

F = J + I(Cl).

Since S = 1/2 and I(Cl) = 3/2, each rotational level splits into 8
fine and hyperfine levels.

For the 35ClSO radical, the transition frequencies of the
observed 244 lines were subjected to the least squares analysis
using our proprietary program, where smaller weights were
given for the lines measured by the double resonance method.
A total of 21 molecular constants were determined with the
standard deviation of the fit to be 2.3 kHz. Among the five
centrifugal distortion constants, dK was fixed to the value
obtained by the quantum chemical calculations, since it was
not determinable in the fit. Similarly, for the 37ClSO radical, a
total of 186 spectral lines were observed, and 21 molecular
constants were determined with the standard deviation of the
fit to be 1.9 kHz. The determined molecular constants of the
two isotopologues are given in Tables 2 and 3.

As seen in Table 2, the experimental results agree very well
with those by the quantum chemical calculations. Compared to
the constants given in ref. 8, the three rotational constants
agree with their results with differences of 0.01%. In addition,
our experimental values of the spin-rotation constants and the
magnetic dipolar coupling constants agree with their values
with differences of about 10% or even less. However, the
experimental results for the Fermi contact coupling constant
and the quadrupole coupling constants are quite different from
their values.

Discussion

The molecular constants of ClSO show characteristic features of
the radical, especially for the unpaired electron. The negative

Table 2 Molecular constants of 35ClSOab (in MHz)

Exp. Theoryc

A 32 823.64409(37) 32 703.9
B 4553.94358(11) 4582.5
C 3992.35645(10) 4019.3
DN/10�3 2.6054(20) 2.6
DNK/10�3 �21.832(23) �21.2
DK/10�3 599.554(93) 573.0
dN/10�3 0.47257(93) 0.45
dK/10�3 14.0d 14.0
eaa �779.83736(79) �818.1
ebb �85.56951(29) �88.3
ecc 3.54021(34) 5.2
eab �36.0827(93) �26.8
aF(Cl) 3.23324(37) 3.6
Taa(Cl) �17.33846(63) �17.8
Tbb(Cl) �11.74443(58) �12.7
Tab(Cl) 3.060(29) 1.25
waa(Cl) �51.9147(15) �51.5
wbb(Cl) 22.3736(16) 22.9
wab(Cl) 26.02(16) 25.6
Caa(Cl) 0.00670(36) 0.0070
Cbb(Cl) 0.00229(12) 0.0025
Cab(Cl) 0.00262(14) 0.0026

a Values in parentheses are 1s errors applied to the last digits of the
parameters. b Standard deviation of the fit is 2.3 kHz. c The rotational
constants were calculated at RCCSD(T)-F12/cc-pCVTZ, correlating all elec-
trons. Other parameters were calculated at B3LYP/aug-cc-pVTZ. d The
value without uncertainty is kept fixed to that obtained theoretically.

Table 3 Molecular constants of 37ClSOab (in MHz)

Exp. Scaledc

A 32 713.93290(48) 32 676.9
B 4422.36640(16) 4420.1
C 3889.73021(21) 3887.3
DN/10�3 2.4706(45) 2.4
DNK/10�3 �20.944(53) �20.9
DK/10�3 593.00(13) 593.0
dN/10�3 0.4366(47) 0.4
dK/10�3 13.5e 13.5
eaa �777.00024(71) �773.0
ebb �83.24599(28) �83.6
ecc 3.44907(42) 3.5
eab �35.2860(93) �36.0
aF(Cl)d 2.69324(39) 2.7
Taa(Cl) �14.44729(59) �14.4
Tbb(Cl) �9.76197(62) �9.8
Tab(Cl) 2.515(25) 2.6
waa(Cl)e �41.0592(14) �40.9
wbb(Cl) 17.7810(15) 17.6
wab(Cl) 20.38(15) 20.6
Caa(Cl) 0.00610(36) 0.0058
Cbb(Cl) 0.00160(13) 0.0020
Cab(Cl) 0.00217(15) 0.0021

a Values in parentheses are 1s errors applied to the last digits of the
parameters. b Standard deviation of the fit is 1.9 kHz. c The parameters were
calculated using the same methods for 35ClSO, and they were scaled with the
experimental values for 35ClSO. d The scaled hyperfine constants and the
quadrupole coupling constants are calculated using the ratios of the magnetic
moments and quadrupole moments of the two isotopes, respectively. e The
value without uncertainty is kept fixed to that obtained theoretically.
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value of the electron spin-rotation constant eaa indicates that
the unpaired electron occupies the p-orbital perpendicular to
the molecular plane, or the radical has the 2A00 ground electro-
nic state. Table 4 compares the rotational constants and the
spin-rotation constants for related radicals, XSO, XSS, and XOO,
where X = H, F, and Cl. All of them listed here have negative eaa,
and are considered to have the 2A00 ground electronic state.
Most of the radicals in Table 4 have very small ecc values, except
for FOO and ClOO, which are also the characteristic for
triatomic radicals with the 2A00 ground states.

The positive value of aF is mainly attributed to the spin
polarization effect of the Cl–S s-bonding orbital due to the
unpaired p-electron on the chlorine atom. Moreover, since the
F–S bond is shorter than the Cl–S bond and the magnetic
moment of the F atom is larger than that of the Cl atom, aF of
FSO has a much larger value. On the other hand, for the XOO
radicals (X = F or Cl), the unpaired electron orbital retains the
p* nature of the O2 molecule, leading to much longer and
weaker X–O bonds than those of other species, and the Fermi
contact constants aF of the XOO radicals have negative values.
In the case of the HSO, HSS and HOO radicals, there is no spin
density on the hydrogen atoms, and the negative values of aF

are due to the spin-polarization of the H–S or H–O s-bond due
to the unpaired electron density on the neighboring S/O atom.

The calculated unpaired electron orbital of ClSO is shown in
Fig. 4 along with its principal axes. Since Taa + Tbb + Tcc = 0, Tcc is
calculated to be 29.1 MHz for 35ClSO. From this value, the spin
density on the chlorine pc orbital is estimated to be about
10.6%,27 which is slightly larger than the spin density on the
fluorine pc orbital of FSO, about 8%.9 In principle, the relation-
ship, Tcc D �2 Taa D �2 Tbb, is satisfied for the magnetic
dipolar constants for species with an unpaired electron in an
out-of-plane pc orbital of the nucleus. The dipolar coupling
constants of the related radicals are given in Table 5. Similar to
FSO, the ClSO radical roughly follows this rule, while it is not
satisfied for XOO radicals since the unpaired electron on the
XOO radical is almost confined to the O2 part.

The rotation angle from the a-axis to the x-axis is about
23.81, as shown in Table 6, where x, y, and z are the principal
axes of the magnetic dipolar interaction tensor, where the z-axis
is identical to the c-axis. It is larger than the angle between the
Cl–S bond and the a-axis which is calculated to be 17.81. It is
difficult to explain the difference, since the unpaired electron

on the oxygen atom also contributes to the tensor. The princi-
pal axis values of the quadrupole coupling tensor are also given
in Table 6. In this case, the rotation angle from the a-axis to the
x-axis is 17.51, which clearly shows that the principal axis x of
the quadrupole coupling tensor is almost parallel to the Cl–S
bond and their components are axially symmetric. The value
of the quadrupole coupling constant wxx along the Cl–S axis,
�60.1 MHz, indicates that the Cl–S bond has a character
between the ionic and the covalent characters.26

Table 4 Rotational constants and spin-rotation constants of ClSO and other similar triatomic radicals (in MHz)

A B C eaa ebb ecc eab

ClSOa 32 823.64 4553.94 3992.36 �779.84 �85.57 3.54 �36.08
HSOb 299 484.63 20 504.56 19 133.93 �10 365.99 �426.66 0.23 378.0
FSOc 38 698.18 9340.81 7505.06 �339.54 34.90 1.86 207.95
HSSd 296 978.96 7996.37 7776.74 �45 926.76 �424.36 10.07 234.70
FSSe 26 563.82 4864.68 4103.89 �742.18 �148.29 2.70 260.56
ClSSf 18 319.80 2827.55 2445.93 �1329.1 �121.29 1.73 17.9
HOOg 61 0273.22 33 517.82 31 667.65 �49 571.41 �422.76 8.61 0.39
FOOh 78 430.14 10 013.94 8855.25 �887.60 �47.96 20.85 69.31
ClOOi 74 541.99 4936.73 4621.17 �1325.69 17.31 113.37 �38.2

a Present study. b From ref. 10. c From ref. 9. d From ref. 17. e From ref. 12. f From ref. 11. g From ref. 15. h From ref. 16. i From ref. 14.

Fig. 4 Figure of the ClSO radical showing the principal axes (a and b) and
the unpaired electron orbital, where the green ball is the chlorine atom.

Table 5 Magnetic hyperfine coupling constants of ClSO and other
radicals (in MHz)

aF Taa Tbb Tcc |Tab|i

ClSOa 3.23 �17.33 �11.74 29.07 3.06
HSOb �36.37 �11.96 10.44 1.52 �7.8
FSOc 67.23 �118.16 �117.06 235.12 10.29
HSSd �22.42 �5.87 5.84 0.03 �4.20
FSSe 44.17 �75.14 �74.50 149.64 16.61
HOOf �27.48 �8.34 19.68 �11.34 �18.3
FOOg �33.87 �212.86 9.31 203.55 139.18
ClOOh �11.17 �38.87 11.51 27.36 16.62

a Present study. b From ref. 10. c From ref. 9. d From ref. 17. e From
ref. 12. f From ref. 13. g From ref. 16. h From ref. 14. i The relative signs
correspond to eab.
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The r0 structure of ClSO was determined from the moments
of inertia for the two isotopologues. The determined structural
parameters are compared with those of related molecules in
Table 7. The S–O bond lengths of FSO and ClSO are shorter
than that of SO.28 For the XSS radicals, they still follow this
tendency.11,12 Furthermore, the S–S bond lengths of the FSS
and ClSS radicals are between those of the S2 and S3

molecules.29,30 On the other hand, the O–O bond lengths of
the XOO (X = F or Cl) radicals are almost the same as that of the
O2 molecule.31 This fact indicates that the O2 part of the XOO
radicals retain the character of the O2 molecule.

Conclusions

Pure rotational transitions of both the 35Cl and 37Cl isotopolo-
gues were observed by FTMW spectroscopy, and the observed
fine and hyperfine components for each rotational transition
were assigned well. The molecular constants including the fine
and hyperfine coupling constants are determined precisely in
this study. We compared the determined constants of ClSO to
those of a number of triatomic radicals with same symmetry
and similar structures. ClSO is found to be similar to FSO, but

fairly different from FOO and ClOO. Since HSO has just been
detected by Marcelino et al. in interstellar space7 and the
formation of the ClSO radical has been studied extensively,
the present data could be facilitated for the detection of atmo-
spheric or interstellar ClSO.
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