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Irradiation of an Ar matrix sample containing;@nd C$ with a KrF excimer laser at 248 nm
yielded new lines at 1402.{1404.7, 1056.2 (1052.7, and 622.3(620.5 cm % numbers in
parentheses correspond to species in a minor matrix site. Secondary photolysis at 308 nm
diminished these lines and produced mainly OCS angl. #@nealing of this matrix to 30 K yielded

a second set of new lines at 1824.7 and 617.8 criihe first set of lines are assigned te=G
stretching, O—S stretching, and S—C stretching modes of carbon disulfide S-oxide, OSCS; and the
second set of lines are assigned te=O stretching and OCS bending modes of dithiiranone,
O(CS,), respectively, based on results%8- and'®0-isotopic experiments and quantum-chemical
calculations. These calculations using density-functional theB8\Y P/aug-cc-pVTZ predict four

stable isomers of OGS O(CS,), SSCO, OSCS, and SOCS, listed in order of increasing energy.
According to calculations, (€S;) has a cyclic Cgmoiety and is the most stable isomer of QCS
OSCS is planar, with bond anglesOSC=111.9° and/ SCS=177.3%; it is less stable than SSCO

and QCS,) by ~102 and 154 kJ mot', respectively, and more stable than SOCS+86 kJ mol ..
Calculated vibrational wave numbers, IR intensiti#§- and®0-isotopic shifts for OSCS and
O(CS,) fit satisfactorily with experimental results. ®004 American Institute of Physics.

[DOI: 10.1063/1.1822919

I. INTRODUCTION ~0.09° The branching ratio of reactioflc) is reported to

The

_ _ o _ range from 0.03 to 0.28:1* All reactions(1a—(1c) are im-
reaction of O atom with GSis important in the  ,ortant in modeling the CO chemical laser system that uti-

atmosphere, especially for the sulfur cytfeThree product lizes the reaction?

channel

s have been reported:
O(®P)+CS—CO* +S(®P), AH°=-363 kJmol ™.

O(®°P)+CS,—CS+S0O, AH’=-81 kJmol! (1a) ?

with a
molecul
derived

—OCS+S, AH°=-228 kimol'! (1b) In such a system, all three channels of reactibnare im-
portant: Reactiorilc) produces vibrationally excited CO, re-
—CO+S,, AH'=-348 kImol', action (1b) produces OCS that enhances the population in-
(10 version of CO because OCS efficiently quenches CO in its
total rate coefficient of ~3.6x10 2¢m3  lower vibrationally excited states, and reactid@) produces
e 15 1:3 the enthalpy changes of these reactions ar&S that directly participates in reactiof2). The small
from JANAF thermochemical tabléReaction(la) ~ Pranching ratios of reactiordb) and(1c) indicate that bar-

form tw

o reactive species CS and §®Reaction(1b) is OCS plays an important role. Similarly, OGSnight also

responsible for converting GSnto OCS in the atmosphere, Play an important role in the reaction
and for production of S atoms in combustion processkse S(3P)+0CS—CO+S,, AH'=-121 kimol?, (3)
reported branching ratio of reacti¢hb) varies from 0.015 to

0.30/°

but a more recent investigation supports a valugVhich is important in combustion systems. .
Froese and Goddard performed quantum-chemical cal-

culations on reactiorfl) and located five stable isomers of

dAuthor to whom correspondence should be addressed. Electronic maibcsz 13 jones and TauB‘éphotonzed Ar and Xe matrices
wjl@tccn.edu.tw ;

bAuthor to whom correspondence should be addressed. Electronic maifontaining @ and C$ with several conventional _|ight
yplee@mail.nctu.edu.tw sources and observed products OCS, Sénd SQ, with
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CO being produced in minor proportion. These authors sugeoil for a few minutes. @was produced and collected at 77
gested that the primary channels for'0(+CS, are pro- K after electric discharge of a small amount of @ith a
duction of OCS-S and CG-S,, and that with OCS as sub- Tesla coil.

strate the primary products are €S and CO-SO; no

evidence was found for species OCS IIl. COMPUTATIONAL METHOD
Utilizing selective photodissociation with a laser to

avoid secondary photolysis on species of intet¥sf we The equilibrium structure, vibrational frequencies, IR in-

produced numerous sulfur compounds that are difficult tdensities, and energies were calculated with ¢h@ssIANO3

27 . .
form either in the gaseous phase or with a conventional lighProgram-* We used density-functional theofpFT) for cal-

sourcet®-26 Here we report a theoretical investigation of culations; the B3LYP method uses Becke’s three-parameter
possible isomers of OGSand the experimental production hybrid exchange function&f and a correlation functional of

30
and infrared identification of OSCS and©8,) by irradia-  -€& Yang, and Paff,**with both local and nonlocal terms.

tion of Ar matrix samples containing£and C$ with laser Dunning’s correlation-consistent polarized valence triglet-
emission at 248 nm and 308 nm. basis set, augmented with p, d, andf functions (aug-cc-

pVTZ), was used in all methods. Analytic first derivatives
were utilized in geometry optimization and vibrational fre-
Il. EXPERIMENTS quencies were calculated analytically at each stationary

The experimental setup is similar to that describedP®t
previously'®? A copper plate coated with platinum and
cooled to ~13 K serves as a substrate for a cold matrix!V: RESULTS AND DISCUSSION
sample and as a mirror to reflect incident infratéie)) beam A Experimental observations and assignments
to the detector. Typically gaseous mixtures of 6 mmol of ) ] ]
Os/Ar (1/200 and 3 mmol of CS/Ar (1/200 were code- 1. Experiments with O 3z and CS , in natural abundance
posited over a period of 2 h. A KrF excimer lag@48 nm, The IR spectrum of a sample o, CS, /Ar (2/1/600Q at
operated at 10 Hz with energy4 mJpulsél) was em- 13 K exhibits multiple lines due to £(1039.2 and 703.6
ployed to photodissociate {0 A XeCl excimer lase308 cm}) (Ref. 3) and C$ (2825.5, 2323.6, 2178.0, and
nm, operated at 10 Hz with energies4 mJpulsél) was  1528.8 cm?1).2%32Lines at 2248.6, 2127.8, and 1478.4¢m
used for secondary photolysis. IR absorption spectra werare due tad=°CS,,?° whereas lines at 2803.7, 2318.1, 2165.2,
recorded with an evacuable Fourier-transform infraredand 1525.2 cm® are due t6?SC3*S 22 A partial spectrum of
(FTIR) spectrometeBomem, DA§ equipped with a KBr the matrix sample before and after photolysis is shown in
beam splitter and a Hg/Cd/Te detectopoled to 77 K to  trace$a) and(b) of Fig. 1, respectively; tracb) is a differ-
cover the spectral range 500—4000 ¢mTypically 600 ence spectrum after irradiation of the matrix sample at 248
scans with resolution of 0.5 cm were recorded at each nm for 15 min. The difference spectrum was derived on sub-
stage of the experiment. tracting the spectrum recorded in the preceding stage of

O, (99.99%, Scott Specialty Gages®0, (MSD Iso- irradiation/annealing from a new spectrum; a positive feature
topes, isotopic purity>96.5%), and Ar(99.999%, Scott Spe- indicates production, whereas a negative feature indicates de-
cialty Gasep were used without further purification. €S struction.
(99.9%, Tedia and %*SC**S (Cambridge Isotope Laborato- After irradiation, lines at 2048.7, 858.8, and 522.5 ¢m
ries, listed isotopic purity of 90%were degassed at 77 K. are readily assigned to OCS, lines at 1351.8, 1150.3, and
Scrambled®S- and*S-isotopic species were produced by 519.0 cm* are assigned to SO and a line at 1270.9
mixing %SC%2S and®**SC3*S in equal proportions in a Pyrex cm™! is readily assigned to C%;*® weak lines due to S
vacuum manifold followed by electric discharge with a Tesla(1384.3, 528.9, 489.7 cl), S,0 (1157.6, 673.7 cmt), 2436
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TABLE I. Wave numbergin cm™?) of lines observed for €/CS, /Ar matrix samples after irradiation at 248
nm.

GroupA C=S stretch ¢,) O-S stretch ¢,) S—C stretch ¢3)
B ORESTORES 1402.1(1404.7 1056.2(1052.79 622.4(620.5
160 345C %25 1400.7(1402.9 1045.9 615.1
B ORESTORES 1396.4(1398.6 1056.2(1052.73 618.1
160345343 1394.9(1397.0 1045.9 610.7
180 325¢ %25 1401.7(1403.9 1018.0(1015.1 620.0

GroupB C=0 stretch ;) OCS bend ¢53)
160(C %%s)) 1824.7 617.8

180(C 325 343) 1824.7 6175

180(C 3s)) 1824.7 617.0
Bo(C%s,)) 1787.4 613.8

4 ines associated with the minor site are overlapped with lines;of O
Deconvolution of overlapped lines.

and SO(1138.5 cm?) (Ref. 37 are also identified. New The doublet at 1402.1 and 1404.7 chsplits into six

lines at 1404.7, 1402.1, 1056.2, 1052.7, 622.3, 620.5%cm lines. After deconvolution, we located four doublets having

[group A, marked® in Fig. 1(b)] diminished slightly after similar intensity ratios, shown as stick lines in trémeof

the temperature of the matrix was raised+80 K for 10  Fig. 2; a detailed deconvolution plot is also shown below the

min. Because relative intensities of the doublet$14t02.1, trace. The wave numbers for the three additional doublets are

1404.73, (1056.2, 1052.7 and(622.3, 620.5cm tvary with ~ (1400.7, 1402.8 (1396.4, 13985 and (1394.9, 1397.0

deposition conditions and annealing, they are likely due tam . The**S-isotopic pattern indicates that two nonequiva-

site splitting; wave numbers listed first in each pair are assolent S atoms are involved in this mode. TH8-isotopic ratio

ciated with the major site. Further irradiation of the matrix 1394.9/1402.£0.9949, defined as a ratio of vibrational

sample with laser emission at 308 nm for 1 min diminishedwave number of the isotopically labeled species to that of the

these new lines nearly completely, as illustrated in the differmost naturally abundant species, is near to the theoretical

ence spectrum shown in trgcgof Fig. 1; OCS appeared as values of 0.9919 for CS and 0.9954 for {%;) than values

a major product and SQOas a minor productnot shown.  of 0.9901 for SO or 0.9701 for,S It is likely that this mode

After annealing of the irradiated matrix to 30 K, new lines atis associated with a SCS moiety.

1824.7 and 617.8 cnt [group B, marked| in tracdd) of The doublet at 1056.2 and 1052.7 cheplits into two

Fig. 1] enhanced; these lines were present but with smaltloublets, but the one with the smaller wave number was

intensities upon irradiation at 248 nm and diminished afteroverlapped by intense absorption of;&the only observed

further irradiation at 308 nm. Wave numbers of these newadditional line lies at 1045.9 ci. The 3*S-isotopic pattern

lines are listed in Table I. indicates that mainly one S atom is involved in this mode.
We also employed alternative matrix hosts to explore the

possibility of eliminating multiple matrix site splitting of

group A but were unsuccessful. Multiplet structur@s de-

creasing order of intensitywere observed at(1402.6, # s 7t

1404.5, 1406.6, 1410).,7(1049.6, 1046.6, 1047)9and 624.0 "
cm ! for a N, matrix host, and af1396.1,1398.8 (1051.5, os lo X10
1047.9, and 619.9 cm* for a Kr matrix host; these obser- 7
vations also support the assignment of multiple lines to site ] rﬂ?ﬂ 1 %D
splitting. Hence all isotopic experiments were performed g 06+ J\/\j\ M
with Ar as a matrix host. g
§ 0.4 4B . ___,.J\./\/\/L
QO
2. Isotopic experiments and assignments of group A < o2 ] M
34s.isotopic experimentg\n isotopic mixture containing | ==
825325, 325C¥s, and®4SC®4S in approximate proportions oo. W J\A R
1.00:1.10:1.07 was used in one experiment. An expanded ' . . .
difference spectrum of th&S-, 3S-mixed Q/CS,/Ar (2/1/ TR AT TR
600 matrix sample in regions 606—626, 1005-1025, 1044— Wave number / cm’

1062, and 13811417 cr after laser irradiation at 248 nm

is shown in tracéb) of Fig. 2 Tracéa) of Fig. 2 depicts the FIG. 2. Partial difference IR absorption spectra of lines in gréufsom
03 /CS, /Ar matrix samples with isotopic variants after irradiation at 248

correspoqdlng dlffer'ence spectrum of a@/QSZ/Ar (.2'/1/ nm for 15 min. (@ O4/CS,/Ar (2/1/600, (b) Os/?SC¥SF2SC
600 matrix sample in natural abundance. Line positions ofugpiscs4sar (~6/1/1/1/1800; deconvolution of lines in the region 1390~
34s-substituted species are listed in Table I. 1410 cm ! is also shown below, anét) 180, /CS, /Ar (2/1/600.
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The *S-isotopic ratio of 1045.9/1056=2.9902 is near the 7/
theoretical value of 0.9901 for SO. © x5
The line at 622.4 cmt split into four lines with addi- 04 A —v./‘

tional lines at 618.1, 615.1, and 610.7 chthe 3*S-isotopic

pattern indicates that two nonequivalent S atoms are in- ;

volved in this mode. Thé“S-isotopic ratio of 610.7/622.4

=0.9812 is smaller than the theoretical value of 0.9919 for 0.2 B) __xg__\/\,\

CS, but greater than a value of 0.9701 far; $his mode

might involve mixed normal modes. ]
180-isotopic experimentsExperiments with'®0,; were

performed. An expanded difference spectrum of the 0.0- A (A) M

180, /CS, /Ar (2/1/600 matrix sample after laser irradiation '

at 248 nm is shown in tra¢e® of Fig. 2; line positions of .

180-substituted species are listed also in Table I. The doublet " oqe0 1800 620

at 1402.1 and 1404.7 cm shifts to 1401.7 and 1403.9 Wave number / cm™

cm L. The *¥0-isotopic ratio 1401.7/1402-40.9997 is near o _ o

unity. ndicatng tha the O atom is only inirecty involved £G% Pl dfererce | shsoton specte o nes 1 giafion,

in this mode, consistent with th¥S-isotopic pattern Show- m for 15 min and at 308 nm for 1 min, followed by annealing at 30 K for

ing that this mode is likely associated with a SCS moiety.10 min. (8 0;/CS,/Ar (2/1/600, (b) O3/%°SC3?S,2SC3S/F4SCS/Ar

The doublet at 1056.2 and 1052.7 chshifts to 1018.0 and  (~6/1/1/1/1800, and(c) *%0;/CS, /Ar (2/1/600.

1015.1 cm?. The ®O-isotopic ratio of 1018.0/1056.2

=0.9638 is near the theoretical value of 0.9623 for SO. The

line at 622.4 cm* shifts to 620.0 cm”. The **O-isotopic  1.00:1.10:1.07, in regions 610—640 and 1780—1830cm
ratio of 620.0/622.40.9963 indicates that the O atom is after annealing of the matrix irradiated at 248 and 308 nm is
involved only indirectly in this mode. o shown in tracé) of Fig. 3. Tracéa) of Fig. 3 depicts the

_ AssignmentsJones and Taube photolyzed a similar ma-corresponding difference spectrum of ag/0S,/Ar (2/1/
trix with a medium-pressure Hg lamp, a low-pressure Hggo0) matrix sample in natural abundance. Line positions of
lamp, and a Cd lamp, but they observed no evidence of al®4g_gpstituted species are listed in Table I.
sorption bqucg- 1.4 The most intense new band observed at  The Jine at 1824.7 cimt does not shift, indicating that S
1402.1 cm* in this work overlapped with a broad feature atom is not directly involved in this mode. The line at 617.8
that was assigned to 3@y Jones and Taube. In our previ- cm~1 shifts to 617.5 ' and its width increases from 0.85
ous work on photolysis of SOwe observed absorption of 5 1.99 ¢ni’. This broad feature may be deconvoluted to
SO; at 2438.7, 1385.2, 527.1, and 490.3 Tmhence the  three fines at 617.8, 617.5, and 617.0 ¢mith ~1:2:1 in
possibility that observed new lines are due t0;3Oposi-  intensity. The wave number and tftS-isotopic patter in-
tively eliminated-™" dicate that S atofs) is/are involved in this mode and this

Photodissociation of ©at 248 nm forms O and ©  mode is likely associated with a nonstretching motion.

Reaction between G3&and O in a matrix is expected to pro- 189 _jsotopic experimentsin expanded difference spec-
duce various isomers of OGSin addition to CSSO,  tym of lines in groupB from the 1%0,/CS,/Ar (2/1/600
OCStS, or COF S, from the three channels observed in the matrix sample after laser irradiation and annealing is shown
gas phase. Because observed isotopic patterns indicate thatiracec) of Fig. 3; line positions off0-substituted species
the species contains a S—-O bond and a SCS moiety Withre Jisted also in Table I. The line at 1824.7 thshifts to
nonequivalent S atoms, and bg(l:a_use the observed C—+$87 4 cmi?, indicating that the O atom is directly involved
stretching wave numbéf402.1 cm ) is smaller than 1528 i, this mode. The®0-isotopic ratio 1787.4/1824-70.9796
cm * of CS, (v3) but greater than 1271 chof CS, the new s near the theoretical value 0.9759 for CO. The line at 617.8
species is most likely OSCS rather thadS;), SOCS, or o1 shifts to 613.8 cm’; the ®0-isotopic ratio of 613.8/

SSCO. The nearly zerO shift for the line at 1402.1 cnt  §17.8-0.9935 and the value of the wave number indicate
and a smalf°O shift for the line at 622.3 cfit is consistent  that this mode is likely a bending mode involving the O

with a structure with the O atom bonding to an S atom of3;5m

=1 . -
CS, so that the €=S bond(at 1402.1 cm’) remains nearly AssignmentsThe 3*S-isotopic pattern provide insuffi-
intact whereas the wave number of the C—S stretching modgent information on how many S atoms are associated with

a1y is gli ituti ; . . :
(at 622.3 cm?) is slightly decreased upotfO substitution.  this new species and we only know that the species contains
Quantum chemical calculations provide further support fory c_o bond and one or more S atoms. If we assume that this

Absorbance

this assignment. species is also an isomer of OGSt is likely O(CS,) rather
) ] ) than SSCO, SOCS, or OSCS because the observed C-O
3. Isotopic experiments and assignments of group B stretching wave numbéi824.7 cm?) is much smaller than

345 isotopic experimentsAn expanded difference spec- 2048.7 cm? of OCS and 2071.1 cit of OCS' (Ref. 39,
trum of lines in group B from the %2S-, %“S-mixed  but greater than 1646.4 crhof OCS .° The absence o¥'S
03/CS,/Ar  (2/1/600 matrix sample, with 2SC%%S,  shift for the line at 1824.7 cit and a smalf*S shift for the
%25C34s, and **SC®*'S in  approximate proportions line at 617.8 crit are consistent with a structure with the O
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bonded to the cyclic CSmoiety via the C atom. All three
chain isomers have angular structures with a nearly linear

triatomic moiety and we list the atom unassociated with the
linear structure first. Isomers SOCS and SSCO, lyiritB0
and 52 kJ mol above QCS,), have a nearly lineadd—-C—-S
moiety, whereas carbon disulfide S-oxide, OSCS, lying

. (1,540) byl
1.858 ‘:‘: (1.559) Y et
2.002 — " (1510
( )1.175\/ ‘O’ J \‘_‘o/

(1.202) 177.5 177.3° 1632

(178.0°) (176.5%)(1.636)
AE =180 kJ mol™ AE =154 kJ mol™

1 -1
‘"éc';i;?” (165;}’;';"' . ~154 kJ mol! above aCs,), has a nearly linea8—C-S
moiety. The MP2/6-31& method predicts structures similar
{101_10 176.6° (Hgg (121‘33) to this work except for SOCS, for which the MP2 predicts a
103.7°) (180.0°) . y —
é;8§3, (_\ 7}\’ {/\/sz longer S—O bond2.00 A) and a imallgrASQC (;14.93
IH W [(2.203) than those valuegl.86 A and 146.3°predicted in this work
1.147 141.6°

1.633 (1 169)

o with the B3LYP/aug-cc-pVTZ method. Both OSCS and
(1.619) (141.3% 4 768

(1.762) SOCS are characterized by a short terminal C—S bond

AE:;::j::::) EEmBkd mal (~1.55 A) similar to a double bonécf. 1.54 A for SCS and
SSCO “:,k(‘é;:)' ) 1.56 A for OCS;* the S—O bond length of 0SQ&.51 A)

is much smaller than that of SOG$.86 A). In contrast, both

FIG. 4. Geometries and relative energigskJ mol™!) of isomers of OC$ SSCO and (D:Sz) are characterized by a shor=eD bond
calculated with the B3LYP/aug-cc-pVTZ method. Relative energies are Corpf Iength 1.15—-1.18 A
rected with zero-point energies; the unit of bond length is in angstroms. ) ' :

Results from MP2/6-31Gare listed in parentheses. Tables Il and Ill list vibrational wave numbers, approxi-

mate mode description, and infrared intensitiesparenthe-

seg of four isomers of OCg predicted with B3LYP and
atom bondinga a C atom of C$. Quantum chemical cal- MP2 methods. Observed vibrational wave numbers of lines
culations provide further information on the assignment.  Of groupA at 1402.1, 1056.2, and 622.3 Chrare near values
(1437, 1031, 618 cm' from B3LYP and 1413, 1085, 597
cm ! from MP2 predicted forv,; (C=S stretching v,

We performed calculations using the B3LYP/aug-cc-(O—S stretching and v (S—C stretchingmodes of OSCS,

pVTZ method to find four stable isomers of OC3D(CS,), respectively, but distinct from values predicted for other iso-
SSCO, OSCS, and SOCS, listed in order of increasing enmers of OC$; the v3 mode is mixed with some OSC bend-
ergy. Geometries and energies predicted for these species ang motion. The observed ratio of integrated intensities for
shown in Fig. 4, with those predicted previously with vy:v,:v3, ~12:17:1, agrees satisfactorily with the ratio
second-order Mgller—Plesset calculatidiP2/6-31G) by  17.6:16.5:1 for OSCS predicted with the B3LYP method.
Froese and Goddard listed parenthetically for comparidon. Observed vibrational wave numbers of lines of grd&ip
Froese and Goddard predicted also a fifth isomer oxathiat 1824.7 and 617.8 cm are near value§1876, 610 cm*
iranethione 8COS with a cyclic COS structure and a S from B3LYP and 1783, 631 cht from MP2) predicted for
atom doubly bonded to the cyclic moiety via the C atom, buty; (C=O stretching and v; (OCS bending modes of
we could locate no stable configuration for this species withO(CS,), respectively, but distinct from values predicted for
B3LYP/aug-cc-pVTZ. The most stable isomer dithiiranoneother isomers of OCS The observed ratio of integrated in-
O(CS;) has a cyclic Cg structure and an O atom doubly tensities forv,:vs, ~4.7:1, agrees satisfactorily with the

B. Comparison with calculations

TABLE Il. Vibrational wave numbergin cm™2) and infrared intensities of OSCS andG$,) predicted with
two theoretical methods.

Reference 13 This work This work
Species Vibrational mode MP2/6-31G B3LYP/aug-cc-pVTZ /Ar matrix
OSCS vy, C=S stretch 1413(71)° 1436.6194)b 1402.1, 1404.7
v,, O=S stretch 1085168 1031.1(181) 1056.2, 1052.7
vy, S—C stretch 597(23.3 617.6 (11) 622.3, 620.5
v4, OSC benfl 456 (9.4) 483.0 (5)
vs, out-of-plane bend 2387.4) 283.1 (5
vg, SCS bend 1253.5 129.8 (4)
O(CS) vy, C=0 stretch 1783(427) 1876.2(563 1824.7
v,, CS, sym. stretch 6317.9 660.6 (11)
v3, OCS bend 631148 610.3(114) 617.8
v4, out-of-plane bend 4865.0) 521.1 (3
vs, SCS bend 4010.2 441.8 (0)
vg, CS, asymmetric bend 3575.4) 360.2 (6)

#Scaled by 0.95, as listed in Ref. 13.
bR intensities(in km mol™Y) are listed in parentheses.
‘Mixed mode.



12376  J. Chem. Phys., Vol. 121, No. 24, 22 December 2004 Lo et al.

TABLE IlI. Vibrational wave numbergin cm™%) and infrared intensities of SOCS and SSCO predicted with
two theoretical methods.

This work Reference 13
Species Vibrational mode B3LYP/aug-cc-pVTZ MP2/6-31G
SOCS v,, C=S stretch 2021.0761)2
v,, C—=0 stretch 901.217)
v, OCS bend 490.243)
v,, out-of-plane bend 439.6(2)
vs, S—0O stretch 296.5(0)
vs, SOC bend 67.8 (9)
SSCO v,, C=O0 stretch 2089.B24) 1962 (629
v,, S—C stretch 720.9(4) 732 (1)
vs, S—S bendl 494.9 (6) 456 (2)
v4, SCO bentl 446.0 (10) 418 (12
vs, out-of-plane bend 402.6(2) 367 (3
vg, SSC bend 110.7 (5) 83 (7
3R intensities(in km mol™) are listed in parentheses.
PScaled by 0.95, as listed in Ref. 13.
‘Mixed mode.
ratio 5:1 predicted for GCS,) with the B3LYP method. (v2), and S-C stretchingig) vibrational modes of OSCS

Table IV lists predicted*S- and*®0-isotopic ratios of isolated in solid Ar, and new absorption lines of graBat
four isotopomers of OSCS and(CS;). Predicted isotopic 1824.7 and 617.8 cit are associated with-£0 stretching
ratios for OSCS and @S,) are nearly the same as those (v1) and OCS bending(;) vibrational modes of (CS,)
determined experimentallyleviations<0.002, except for;  isolated in solid Ar.
of 0%SCS and G*SC3'S that deviates up to 0.0p3*S-
and ®0-isotopic ratios predicted for SOCS and SSCO are _ _
listed in Table V for comparison; they do not agree with ourC' Mechanism of formation of OSCS
experimental results. Hence, based on obserf&d and The absorption cross section of L& 248 nm is small,
180-isotopic shifts and comparison with vibrational wave hence its photodissociation is relatively unimportéreho-
numbers and isotopic ratios predicted with theoretical calcutodissociation of @ at 248 nm forms O(D) and G with a
lations, we conclude that new absorption lines of grdugt  quantum yield of 0.910.06%%%3 O(*D) might react with a
1402.1(1404.7, 1056.2(1052.7, and 622.3(620.5 cm * nearest neighbor GSto form CS+SO and other products
are associated with -€S stretching ¢;), O-S stretching before it relaxes to G@). After irradiation at 248 nm, pro-

TABLE IV. Experimental and calculateS- and'®O-isotopic ratios, defined as the ratio of vibrational wave numbers of a substituted isotopomer to that of
the corresponding®S, 0 species, of OSCS and(CS;).

Species I v, V3 Va Vs Vg
160 345C %25 Calc. 0.9990 0.9904 0.9853 0.9953 0.9981 0.9970
Expt. 0.9990 0.9902 0.9883
(0.9987%2 (0.99032
160 325C34s Calc. 0.9959 1.0000 0.9935 0.9920 0.9974 0.9948
Expt. 0.9959 1.0000 0.9931
(0.99572 (1.00002
160 ¥sC3s Calc. 0.9949 0.9904 0.9789 0.9871 0.9955 0.9919
Expt. 0.9949 0.9902 0.9812
(0.9940? (0.99032
180 %25C3%5 Calc. 1.0000 0.9621 0.9974 0.9907 1.0000 0.9715
Expt. 0.9997 0.9638 0.9963
(0.99992 (0.96432
160(C ¥25343) Calc. 1.0000 0.9929 0.9993 0.9995 0.9879 0.9902
Expt. 1.0000 0.9995
180(C *s)) Calc. 1.0000 0.9857 0.9986 0.9991 0.9754 0.9806
Expt. 1.0000 0.9987
180(C %%s)) Calc. 0.9783 0.9809 0.9926 0.9902 0.9930 0.9808
Expt. 0.9796 0.9935

dsotopic ratios for the species in a minor site are listed in parentheses.
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TABLE V. Calculated®'S- and*®0-isotopic ratios, defined as the ratio of vibrational wave numbers of a
substituted isotopomer to that of the correspondit® %0 species, of SOCS and SSCO.

Species 12 vy V3 N Vg Vg
825160C %5 (2021.02 (901.2 (490.2 (439.6 (296.5 (67.9
823160 34s 0.9995 0.9877 0.9986 0.9982 0.9949 0.9959
345160325 1.0000 0.9999 1.0000 1.0000 0.9822 0.9922
345160C s 0.9995 0.9877 0.9986 0.9982 0.9771 0.9879
325180 C %25 0.9847 0.9723 0.9880 0.9911 0.9909 0.9720
825325¢ 160 (2089.02 (720.9 (494.9 (446.0 (402.6 (110.7
345325160 1.0000 0.9999 0.9902 0.9935 1.0000 0.9890
825345¢ 160 0.9999 0.9863 0.9968 0.9882 0.9985 0.9935
3453435C 10 0.9999 0.9863 0.9877 0.9807 0.9985 0.9826
325325C %0 0.9792 0.9797 0.9958 0.9948 0.9893 0.9792

3Calculated wave numbers for ths-, 1°0-species are listed in parentheses.

duction of CS and SO is clearly indicated. That annealing ofminor site. These new features are attributedte&stretch-

the matrix at 30 K decreases the intensity of OSCS slightlying (v,), O-S stretching %,), and S—C stretching 1)

indicates that O{P) might not react with CS Theoretical modes of carbon disulfide S-oxide OSCS, respectively, based

calculations with the fourth-order —Mgller—Plesset on observed“s- and'®0-isotopic shifts and theoretical pre-

(MP4SDTQ method predict that formation of OSCS from dictions of line positions, infrared intensities, and isotopic

O(CP)+CS,(*2 ) has a barrier of 77 kJmotl, whereas ratios for possible isomers of OGSThe product OSCS was

that from CS{S")+SOCS") has a barrier of 71 likely formed mainly via reaction of 30) and CS$ in the

kJ mol %23 both barriers are too large for the reactants at lowmatrix; secondary photolysis at 308 nm depleted OSCS and

temperature to overcome. Hence, formation of OSCS likelyproduced mainly OCS. Annealing of the above irradiated

involves reaction of O(D) with CS,. Our observation of a matrix yielded new lines at 1824.7 and 617.8 ¢rthat may

decrease in intensity of OSCS upon annealing of the matrike attributed to dithiiranone (@S,); these new features are

at 30 K is consistent with the above mechanism!@)(re-  attributed to E&=O stretching ¢;) and OCS bending ()

laxes to O¢P) shortly after irradiation at 248 nm. modes, respectively. The product@s,) was likely formed
When the Q/CS,/Ar sample irradiated at 248 nm was mainly via reaction of S and OCS in the matrix. This work

irradiated further at 308 nm, lines due to OSCS disappeareghrovides spectral information for future investigations of the

whereas lines due to OCS increased substantially and thos¢mospheric reaction of ©CS, or S+OCS at low tempera-

due to SQ increased slightly; lines due to €Semained tures using IR detection of OSCS 0ofCx5,).

unchanged. This observation indicates that at 308 nm OSCS

likely photodissociates to form mainly OCS and S; S mightACKNOWLEDGMENTS

further react with nearby £to form SQ,. Further investiga-
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