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Summary

The UV-visible absorption spectra of CH3;SO,Cl, CCl1;3SCl, SO,CIF and
(CH30),SO were quantitatively analyzed at 298 K. The threshold wave-
lengths for photodissociation of these molecules and SO,F, were calculated
from thermochemical data and estimates were made of their atmospheric
photodissociation rate coefficients.

1. Introduction

Consideration of the photochemical processes that may occur when a
molecule absorbs radiation requires quantitative information on the photo-
absorption cross section as a function of absorbing wavelength. The photo-
dissociation reaction

XY+hy > X+Y Q)

may take place if the photon absorbed by molecule XY is of sufficient energy
to overcome the endothermicity associated with the chemical change. If the
absorbing wavelength is less than or equal to the wavelength calculated from

he/h = AHZ(X) + AHJ(Y) — AHJ(XY) (2)

then process (1) is energetically possible.

The photoabsorption spectra of gaseous (CH30),S0O, CH3S0O,Cl, CCl;-
SCl, SO,CIF and SO,F; are reported and the energetically favorable photo-
dissociation steps that may result are determined. These molecules may be
present in the atmosphere in trace amounts as a result of formation reactions
involving free-radical chemistry or because of their release into the atmo-
sphere at the Earth’s surface, and therefore atmospheric photodissociation
rate coefficients are estimated for them. Previous investigations on the spec-
tra of SOCl, [1], SO,Cl; [1 - 3] and HOSO,Cl [2, 3] have been recently
reported.
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2. Experimental details

The experimental techniques were similar to those described previously
{1, 4]. UV-visible measurements were made on quartz cells of path length
2, 5 and 10 cm using Perkin—Elmer 450 and Cary 219 spectrophotometers.
The pressure of the gases was measured with mercury and dibutyl phthalate
manometers.

Dimethyl sulfite (Eastman Organic), methane sulfonyl chloride (Eastman
Organic, purity 98% or above), trichloromethanesulfenyl chloride (Eastman
Organic), sulfuryl fluoride (Linde, at least 99% pure) and spectro grade
sulfuryl chloride fluoride ( Aldrich) were outgassed on a greaseless vacuum
line and distilled in order to collect the middle fraction.

UV absorption by (CH30),SO, SO,F, and SO,CIF showed the sharp
bands of SO, impurity [5, 6] . Analogous to the purification of SO,Cl, [1],
pumping on SO,CIF held at chloroform slush bath temperature (—63.5 °C)
removed the SO, impurity. The concentration of SO, in the SO,F, samples
was reduced but never completely removed by distilling from —98 to —196
°C and all the UV absorption spectra resembled SO, absorption. The cross
sections that were determined for SO,F, are upper limits to the actual values
because no correction was made for SO, absorption. The amount of SO, in
SO, F; was estimated to be about 0.2 mol.% by assuming that all the absorp-
tion from 250 to 310 nm was due to SO, absorption. The UV spectrum of
(CH30),S0 that had been further outgassed at room temperature showed
continuous absorption from 190 to 226 nm and only trace amounts of the
sharp absorption bands of SO, in this region. In calculating the cross sections
for (CH30),S0, corrections were made for the absorption due to the pres-
ence of trace SO,.

Vapor phase IR spectra of the purified samples of CH3SO,C1 [7],
CCl13SCl1 [8]1, SO,F, {9, 10] and SO,CIF [11], having the product of optical
path length and pressure up to 18.6 cm Torr, 51.1 ecm Torr, 7600 cm Torr and
5400 cm Torr respectively, agreed with those found in the literature.

Attempts were made to determine the photoabsorption spectra of
CH3S04,(0OH), ONO(SO2)OH and ONO(SQ,)Cl. No absorption was observed
on the vapor above liquid methane sulfonic acid (Eastman Organic) and
solid nitrosyl sulfuric acid (ICN Pharmaceuticals) that were outgassed at 25
°C. Nitrosyl chlorosulfate was prepared by condensing excess nitrosyl
chloride onto chlorosulfonic acid at —196 °C and by warming to 0 °C [12]:

CINO + HO(SO,)Cl » ONO(SO,)Cl + HCl (3)

A red solid was formed. IR analysis of the vapors above the solid showed the
presence of CINO, NO and HCI. Outgassing of the solid at 0 and 21 °C
resulted in the solid changing color from red to orange to white. UV absorp-
tion by the gases above the white solid gave cross sections in agreement with
the known CINO cross sections [13].
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3. Results and discussion

The photoabsorption spectra of gaseous CH3S0O,Cl, CCl13SCl, SO,CIF
and (CH30),S0 are shown in Figs. 1 - 4. The thermochemical data in Table
1 were used to calculate threshold wavelengths for some energetically pos-
sible photodissociation steps.

Gaseous CH3S0O,Cl absorbs continuously over the wavelength region
from 190 to 248 nm with no absorption maxima (Fig. 1). The three lowest
energy dissociation steps involve breakage of the C—S, S—Cl] and S—O bonds:

CH,S0,Cl + hv - CH, + SO,Cl A < 521 nm (4)
CH,;S0,Cl + hy - CH,4S0, + Cl A< 478 nm (5)
CH3S0,Cl + hy -~ CH4SOCI + O A < 277 nm (6)

The absorption spectrum of CCl3SCl shows three absorption bands with
maxima occurring at 256 + 2 nm and 298 + 2 nm (Fig. 2). The two weakest
bonds in CCl3SCl are expected to be the C—S and S—CI bonds, although no
thermochemical data are available to estimate the wavelengths at which
photodissociation may take place:

CCl3SCl + hv » CCl + SCI (7)
CCl3SCl + hv - CCl3S + Cl (8)
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Fig. 1. Photoabsorption spectrum of gaseous CH3SO,Cl] at 298 K.
Fig. 2. Photoabsorption spectrum of gaseous CCl3SCl at 298 K.
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Fig. 3. Photoabsorption spectrum of gaseous SO,CIF at 298 K.
Fig. 4. Photoabsorption spectrum of gaseous (CH30)5SO at 298 K.

Gaseous SO,CIF commences absorption at about 300 nm and this rises
rapidly from 254 to 190 nm (Fig. 3). Two weak but definite maxima occur
at about 190.5 + 1 nm and 195+ 1 nm. Absorption of radiation by SO,;CIF
may result in the following four processes:

SO,CIF + hy - SO,F + Cl A < 663 nm (9)
SO,CIF + hy - SO, + CIF A < 552 nm (10)
SO,CIF + hy > SO,Cl + F A < 329 nm (11)
SO,CIF + hy - SOCIF + O A < 279 nm (12)

Photodecomposition of gaseous (CH30),SO by the pathways

(CH3;0),S0O + hv = CH30 + CHz3OSO A € 437 nm (13)



121

TABLE 1
Heats of formation used in calculating threshold wavelengths

Species (g) AH% 598 (kcal mol_l) Reference
Cl 28.992 + 0.002 [14]
F 18.975 + 0.072 [14]
o 59.553 + 0.024 [14]
Cl, 0 [15]
CIF —12.14: 0.6 [15]
Fy 0 [15]
S0, —70.947  0.05 [15]
CHj3 34.82:+ 0.2 [15]
S0Cl, —51 [16]
SOCIF —92 -8
SOF, —130 ¢ 25 [17]
S0,01 —67 —>
SO.F —120.7 —°
CH30 3.8+ 0.2 [21]
S0,Cl, —84.8 + 0.5 [17]
SO,CIF —134.8 [22]
SO,F, —184 [22]
CH3S0, —56.3 -a
CHZ080 —54 —
CH3SOClI —44 —f
CH3S80,Cl —87 —=
(CH3),80 —36.09+ 0.2 [25]
(CH3)280, —89.1+ 0.8 [25]
(CH30),8 —591+5 f19]
(CH30)2SO —115.5 + 0.5 [25]

2Calculated from the bond dissociation energy of CIFOS=0 and the heats of formation
for SO4CIF and O. The bond dissociation energy of CIFOS= 0 was calculated by averaging
the bond dissociation energies of Cla0S8=0 and F20S=0, which were obtained from the
heats of formation of SOgCly, SO4F,, SOCl,, SOF, and O.
P Estimated using the heats of formation of Cl, Cl, and SO5Cl; and the heat of reaction
AH° =—11.5 + 2.5 kecal mol~1 at 300 °C for Cl + SO5Cl, —+ Cl, + SO,Cl [18]. Benson
{19] estimated the bond dissociation energy of OchS—Cl to be 63 kcal mol™! which
together with the heats of formation for Cl and SO;Cl, gives —51 kecal mol™? as the heat
of formation of SO,CI.
®Calculated using a bond dissociation energy of 81 + 2 kcal mol ™! for O4oFS—F [20] and
the heats of formation of F and SO,F,.

9The average of the heats of formation calculated from the bond dissociation energies of
CH3—SOg and CH3gSOs—CHg (68 kcal mol 1) [19] and the heats of formation of CHg,
805 and (CH3)5S05. The value used for the bond dissociation energy of CH3—SOgy was
taken as the average of 23.3 + 1.8, 19.3 + 3.9 and 20.4 : 4.9 kcal mol™ [23] and 20.9
1.1 and 18.6 + 1.6 keal mol~1 [24].
®Calculated using the heats of formation of CH30 and (CH30),SO and the bond dissocia-
tlon energy of 65 kcal mol™1 for CH3O0—SO(OCHg) [19].

fCalculated from the heats of formation of O and CH3S04Cl and the bond dissociation
energy of CHzSOCI=0 (103 kecal mol™ 1) which was obtained from the mean of the bond
dissociation energies of ClaS0O=0 and (CHg)2S0=0. The bond dissociation energies were
calculated from the heats of formation of O, SOCl;, S8O,;Cl,;, (CHg),SO and (CHg),S05.
EMean of the heats of formation of SO4Cl, and (CHg)2SO5.
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(CH30),S0 + hv -~ (CH30),S + O < 246 nm (14)
may take place in the region of continuous absorption from 226 to 190 nm
(Fig. 4).

The three lowest energy photodissociation steps of gaseous SO,F, are
listed below with their respective threshold wavelengths:

SO,F, + hv > SO,F + F A < 347 nm (15)
S02F2 + hV -> SOZ + Fz A< 252 nm (16)
SO,F, + hv > SOF, + O A < 251 nm 17)

Atmospheric photodissociation rate coefficients J for CH3SO,Cl, CCl;-
SCl, SO,CIF, (CH30),80 and SO,F, were estimated (Table 2), as described
in ref. 4, from the sum over the absorbing wavelengths of the product of the
cross sections, the solar flux intensities and a unit quantum yield for photo-
dissociation.

TABLE 2
Atmospheric photodissociation rate coefficients J

Altitude J (s71) for the following species
(km) CH3S0,CI CCl,SCl SO,CIF (CH30),8SO  SO.Fg*

0 4.2x1073% 20x107® 18x10? 38x10% 1.1x10°8
10 1.7 x 10716 29x1072 38x10° 11x10¥® 2.0x10"
20 1.8x10°8 30x100% 11x10® 31x108 2.6 x10° 8
30 2.7x10°6 33x10% 86x107 32x10 € 9.6 x10 8
40 3.1x10 41x10% 94x10% 20x10% 4.6X10”
50 6.4 Xx10™ 56x10% 18x10% 32x107% 8.2 x10°7

2The coefficients for SO,F, are upper limits; see text for explanation. Approximately

1000 (ton SOyF,) year
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