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The nascent vibrational and the near-nascent rotational state distributions for th&SQ{p6duct following

the oxidation reaction of thiophosgene (Cg@¥ith OFP) have been studied by laser-induced fluorescence
(LIF) spectroscopy on the @& —X327) transition. OfP) atoms are produced from the 355 nm
photodissociation of N© The measured SOX") product vibrational state distribution can be characterized
as Boltzmann with a vibrational temperatdig, = 1150+ 55 K corresponding to 8% of the available energy

for the reaction. The statistical nature of the SE€XX) vibrational state distribution suggests a stable
intermediate for this reaction, and ab initio calculations confirm a triplet dichlorosulfir€8OEA')) as a
minimum on the excited triplet state potential energy surface. Statistical modeling of the observéd §O(X
vibrational state distribution results in an available endtgy 18 kcal/mol, which is 1.6 kcal/mol more than

the exoergicity of this reaction. On the basis of ab initio calculations in conjunction with the analysis of the
experimental data in light of the statistical model, we propose little or no barrier in excess of the endothermicity
for the fragmentation of the @LSOA") intermediate at the exit channel. The near-nascent rotational state
distribution of SO(X=", v = 0) can be characterized by a rotational temperafige= 537 &+ 35 K
corresponding to 6.7% of the available energy for the reaction. This small fraction of energy partitioned into
SO(X3=") rotations may arise from a correlation between the SO rotations and the CSO bend in-the Cl
CSOEA") complex at the exit channel.

1. Introduction groups: (ajnsertioninto a chemical bond, observed mostly in
O('D) reactions, is spin forbidden in most3Pj reactions; (b)
displacemenbf an atom or a group from the sulfur compound
by the OfP) atom. Displacement usually involves initial
addition of OfP) to the sulfur compound to produce an energy-
rich adduct, followed by fragmentation. Since the initially
formed adduct can fragment rapidly, it can be difficult to
experimentally differentiate a primary abstraction and a primary
addition in some of these displacement reactions. An example
of such mechanistic ambiguity is the reaction of@)(with H,S
to produce HSO and H, which could occur via a direct
mechanism or by an additisffragmentation process.Recent
dynamics studies in a crossed molecular beam by Casavecchia
and co-workers indicate a direct mechanism for the HSO
roduction without an SO intermediate complex formation
or this reaction® Therefore, detailed dynamics studies will

Oxygen atoms play a central role in critical chemical
environments such as combustion and atmospheric reaétidns.
The reactions of oxygen atoms, both in the ground staté2)Q(
and in the lowest electronically excited state,'@) with
hydrocarbons and hydrogen-containing molecules are known
to be important in initiating stratospheric chemistry and control-
ling, in part, the ozone concentratiéninterest in the oxidation
reactions of reduced sulfur species, such as OCg, &8 HS
by oxygen atoms, is due to their occurrence in the atmospheric
sulfur cycle. These reactions, once initiated by an O atom, can
lead to SQ production and ultimately yield }$0O, precipitation
in the atmosphere. Oxidation of sulfur compounds is also
critical in the combustion chemistry of sulfur-containing fuels.
Both kinetics and, to a lesser extent, dynamics studies have bee

reported for these oxidation reactions. Although the kinetics help to solve the ambiguities that remain in these reaction
results of these reactions show good agreement across Variou?nechanisms

experimental measurements, considerable uncertainty still exists We report here our detailed dynamics studies on the oxidation

Therefore, uncerstancing the imate detais of dne oxidaton '€2C101 Of tiophosgene () wih OFP) ators by measur-
ctore, e 9 oo 0 0 ing the nascent SOGE") product rovibrational state distribu-
reactions of sulfur compounds by O atoms is important from tions:

the atmospheric and industrial points of view.

Singleton and Cvetanovitave compiled an extensive kinetic Cl_
database for the reactions of sulfur compounds witlPP(  o¢p) + C=s —— SOX’T) + CCL(A)
atoms?® Based solely on the kinetic data, the reactions GPQ( ql
with sulfur compounds are of particular dynamics interest and ) ) ) o
have been categorized into two types of mechanisms: (1) The only literature report on reaction 1 is a klnetlc_study by
abstractionof sulfur or another atom from the compound by ~ Slagle et al’! where OtP) atoms were produced by microwave
the oxygen atom; (2xddition of the OEP) atom to the sulfur ~ discharge of an gHe mixture and reacted with &IS in a

compound. Addition can be further categorized into two sub- crossed molecular jet reactor, and the primary reaction products
were identified by using photoionization mass spectrometry.

* To whom correspondence should be addressed. Kinetics measurements were carried out between 250 and 500
€ Abstract published ilAdvance ACS Abstract€ctober 15, 1997. K in a conventional fast-flow reactor, and the®@) atom decay
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was monitored by titration with N© The measured rate 1
constants at different temperatures were fit to the Arrhenius
expressiork = (3.09+ 0.54) x 10711 exp(0.1154 0.106 kcal
mol~Y/(RT)) cm® molecule! s The strongly polarized
carbon-sulfur bond in CJCS and the electron-deficient char-
acter of the OFP) atom? led Slagle et al. to propose an
electrophilic addition mechanism to produce an energy-rich
triplet dichlorosulfine (GICSO) adduct as the primary step in
this reaction followed by €S bond cleavage to give SO and
CCl, products. The above mechanism is based purely on the
kinetic data. On the other hand, the SO and (@bducts could

T yip = 1150 + 55K

In (Relative population)

have resulted from a direct abstraction of S from GS®lthe 71
O(P) atom. Our SO(X-) product energy disposal studies -8 T T T r r
for reaction 1 described in this paper shed more light onto the 0 1000 2000 3000 4000 5000 6000

proposed electrophilic additierfragmentation mechanism.
Product energy disposal studies, especially into the vibrational _ ) ) .
degrees of freedom both in unimolecular and bimolecular cases,F/9uré 1. Semilog plots of relative nascent SO, " = 0)

ide detailed inf fi fi hani R t’vibrational population versus vibrational energy,. The symbol®
provide detailed Information on reaction mechanisms. Recent 5 A represent the experimental and calculated populations, respec-

SO(Xx") product energy disposal studies ca_rried out in our tvely. Equation 6 is used to determine the calculated population.
laboratory on the reactions of carbonyl sulfide (OCS) and

t_hiirane (GH4S) with O€P) atoms provided dy_namical informa—_ output of the PMT is processed and averaged by a gated
tion, such as the nature of the energy flow induced by atomic jntegrator, digitized, and stored in a computer for further

E, (cm™)

rearrangements in these reactiéhs! The SO(XZ") vibra- analysis. For a fixed time delay between the photolysis and
tional state distribution was found to be inverted with a the probe lasers, the dye laser was scanned while the total
maximum population in” =5 andv" = 1 for OCS and gH,S fluorescence was collected to obtain the nascent LIF spectrum.

reactions, respectively. Non-Boltzmann vibrational state dis-  c|,cs (97%, Aldrich) was subjected to several freeze
trlbutlon§ for the nascent SOfX") prodl_Jct suggest a dlrect_ pump-thaw cycles prior to use, and the N(®8%, Matheson)
abstraction mechanism for both reactions. The abstraction yrecursor was used without further purification. The ratio of
mechanisms for both reactions are further supported by crossedyo,/Cl,CS was typically 0.250.3 at a total pressure of 160
beam scattering studiéS. In favorable cases, these energy 125 mTorr. The reaction cell was evacuated to®TDorr prior
disposal studies can provide structure elucidation of intermedi- 15 the experiments by a turbomolecular pump, but the gases
ates as well as mechanistic information for these reactions. Inyyere flowed by a mechanical pump during the experiments and

the current SO(R27) energy disposal study on reaction 1, we the pressures were monitored at the exit by a capacitance
are able to evaluate the previous conclusions about the reactionynanometer.

mechanism that resulted from the kinetic measurements by

Slagle et alk! We report the nascent rovibrational state 3 Results

distributions of the SO(X-) product and propose a mechanism ) ) o

for reaction 1 consistent with all existing data. To substantiate _3-1. SO(XZ") Vibrational State Distribution. The
our experimental results, ab initio calculations to determine the SO(X’X") product vibrational distribution from reaction 1 under

possible structure(s) of the reaction intermediate(s) are reported Wo-collision conditions, i.e., 100 mTorr total reactant pressure
and 2us delay between the photolysis excimer and probe dye

lasers, was obtained by integrating the area of the LIF spectra
for the vibronic transitions terminating on thé = 1 level of

The experimental apparatus and procedure for the SO(X the B state (1p" = 0—4) and normalizing for their respective
rovibrational state distribution measurements have been de-Franck-Condon (FC) factord® The vibronic bands were
scribed elsewher¥-18 The only difference in the current study  assigned using the spectroscopic constants reported by2Z&lin.
is that a 355 nm laser source was used for the photolysis of The experimentally determined SG&") product vibrational
NO; instead of 351 nm. Briefly, ground-state3@) atoms were state distribution under two-collision conditions is shown in
generated by photolysis of NQising the 355 nm output of a  Figure 1. Since vibrational relaxation occurs with more
frequency-tripled Nd:YAG laser (Continuum, Model PL7000) collisions (typically once every 1661000 collisions) for
with typical laser fluences of 3670 mJ/crd. The SO(X=") SO(CE~, " = 2) with several different polyatomic collisional
product from reaction 1 is monitored by measuring the laser- partners? the measured vibrational state distribution for
induced fluorescence (LIF) signal of thé3 —X3X~ transition SO(Xez") for reaction 1 can be considered as nascent. Figure
in the 237270 nm region of the spectrum. The probe dye 1 demonstrates that the nascent SEXX vibrational state
laser (Lambda Physik FL3002; 0.25 chresolution) is pumped  distribution from reaction 1 can be characterized as Boltzmann
by a XeCl excimer laser (Lambda Physik, Model LPX205i) with a vibrational temperaturd,, of 1150+ 55 K. Ty, was
operating at 308 nm. The SOfX") excitation wavelength  obtained from the slope of the () vs SO vibrational energy
(237—270 nm) is generated by frequency doubliggBaB,04 (Evib) plot as shown in Figure 1.
crystal) the dye laser fundamental output from coumarin 480 3.2. SO(XX~) Rotational State Distribution. The SO-
and 503 laser dyes. Both the photolysis and the probe lasers(B3=~—X3%") LIF spectra have been used for the measurement
are collinearly counterpropagated along the extension arm axisof rotational state distributions for the SO product following
of the reaction cell with a time delay of-5 us between laser  the reaction of Gf) with CLCS. The rotational levels of each
pulses using a pulse delay generator. LIF signals were collectedof the 32~ electronic states are split into three spin components
at 90 relative to the laser beam axis by a high-gain photomul- by spin—orbit interactions, namely,;For J= N+ 1, F, for J
tiplier tube (PMT) through several long-pass filters to minimize = N, and K for J= N — 1. Since SO(X=") belongs to the
the scattered light from the photolysis and probe lasers. The Hund’s case b, only six branches, namelys, PP, Ps3, Ria,

2. Experimental Section
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Figure 2. Rotationally resolved LIF spectrum of the SGEB, —v' = 0 200 400 600 800 1000 1200
1 — X332, v = 0) transition following the reaction of CR) with BN" [N" +1]

CSC}: (a) 0.02 Torr of NQ and 0.08 Torr of CSGlwith 2 us delay
between photolysis and probe lasers; (b) 0.02 Torr of ldad 0.08
Torr of CSC} with 5 us delay between photolysis and probe lasers.
The two spectra correspond to about two and five gas kinetic collisions,
respectively.

Figure 3. Semilog plots of the relative population in the rotational
levels of SO(®=-, v' = 0), corrected for the rotational degeneracy
g(N") = (2N" + 1), versus the rotational energgN'(N" + 1)
corresponding to the spectra shown in (a) and (b) of Figure 2. The
symbols O and O represent B and R rovibronic transitions,
respectively. The solid lines are the linear least-squares fits to the data

. L e . . iy
Rez, an(_i Rs 'U_SO(BBZ X°Z7) rOV|bron|(_: transitions have 4 correspond to Boltzmann temperatures (see eq 2) o5& and
strong intensities. The measured rotationally resolved LIF 4604+ 52 K, respectively.

excitation spectrum of SO, v = 1 — X327, v"" = 0) after

two and five collisions from reaction 1 is shown in Figure 2. product channels for SO production from the title reaction are
Although the overall intensity for the five-collision spectrum 3 1

is greater than the two-collision one, we did not notice any OCP)+ CSChL— SO(dA) + CCL(‘A,)

significant change in the distribution of intensities, which AHgyy = 5.1 kcal/mol (3)
probably suggests that the reaction is still occurring. The

assignment of the spectrum is based on the calculated line —sO(X*2) + cclL(®B,)

positions using Colin’s spectroscopic constZf, and the AHey = —1 kealimol (4)

difference between the calculated line positions and the experi-
mental measurements are W't_h'n 0.'005 hm. There are some uncertainties in thél° at 298 K for CSCJ

T,r?e rotational state populatlon_s in a given V|t_)rat|onal band, and CCH(*A; and 3B1). For the current study, they were
P(N"), are determined by normalizing the LIF signal intensity  ,pained from the most recent literature sourdes. Relative
of the transition by the Had—London factof® and the rotational energies from the computed minimum for the reactants
degeneracy. The rotational line positions of the—F," intermediate, and products were also obtained by using the
transitions overlap wnh thesF— F3 trans_mons at lowN and _ Gaussian-2 (G2) theoretical procedgf@nd excellent agree-
cannot always be rotationally resolved with our probe laser line ant was found between the experimental and computed heat
widths. Therefore, thef~F," transitions are used to measure ¢ o4 ction AHrxy = —12.99 kcal/mol) for eq 1. We have

the rotational state populations. o included a slightly endothermic channel (reaction 3) because
The measure@(N") from the LIF excitation spectra can be ¢ the possibility of excess kinetic energy in the reactants.
described by the following Boltzmann expression Reaction 4, on the other hand, can be neglected based on spin
conservation rules in our studies.
Our LIF measurement of SOEX™) under two-collision

h is th ional he ai ibrational conditions (cf. Figure 2) in different vibrational levels demon-
whereB, is the rotational constant of the given vibrational state, gyateq that reaction 1 is operative. Under these conditions,

ks the Boltzmar_m constantJ2 + 1 the rotational degeneracy, o|axation of SO®\) to SO(E="), if produced from reaction
andTr the rot?tm”nal temperature. If a plot .Of F'}(['.\l”)/(z N 3, is negligible owing to the slowness of the relaxatién.
1)] versusBN'(N" + 1) can be fit to a .stralght line, then the Therefore, the measured vibrational state distribution of SE(X
slope corresponds te1/(kTg), from which Tg can be deter-  fqn veaction 1 under our experimental conditions is believed
mined. Figure 3 shows a Boltzmann plot of the rotational state , pe nascent. The measured rotational temperatures are 535
population of SO(X=-, /' = 0) following two and five gas + 65 and 460k 52 K for SOEZ-, v = 0) under two and five
kinetic collisions, and the straight line corresponds to the linear gas-kinetic collisions, respectively. These two temperatures are
Ieast_-squares best fit to the points. The rotational temperatures;, ;¢ significantly diffe’rent, i.e., they overlap within the experi-
obtained by the above method are 58%5 and 460+ 52 K mental error limits, and it is therefore difficult to attribute the
for two and five gas kinetic collisions, respectively. small change in the temperature to rotational relaxation within
one electronic manifold. Since rotational relaxation occur with
rate constants in excess of the collisional rate constant based
The reaction shown in eq 1 is exothermisHgxny = —13 on simple gas kinetic theory, our measured rotational temper-
kcal/mol). The thermochemistry and the two other possible ature under the two-collision condition is only near-nascent.

P(N")/[2J" + 1] = exp[-B,N"(N" + 1)/(kgTR)] (2)

4. Discussion
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To arrive at the percent energy disposed to the SB(X TABLE 1: Calculated ab Initio (MP2/6-311G* Level)
product in reaction 1, it is important to know the total available Geomgtrllc,Paramenlars for 'Chbclso (EXC't_?fd A" State %nd
energy Ea) in this reaction, which includes the kinetic energy Sround "A’ State) along with Electron Diffraction Data

of OCP) from the 355 nm photodissociation of NOThe center this work expe

of mass (c.m.) kinetic energy of &X) atom from this photo- CI,CSOfA"") CI,.CSO(A") CI,CSO(A")
dissociation process has been well-studied in the3888tlt is =0 1.474 1.484 1.453
known that this photodissociation process results in 4.5 kcal/ s=c 1.785 1.667 1.618

mol as c.m. kinetic energy for €®) corresponding to the Cc—Cl 1.705 1.702 (cis) 1.718 (cis)
formation of NO(XI1y,,, v = 0) and 1.7 kcal/mol corresponding 1.705 1.720 (trans) ~ 1.718 (trans)
to NO(X2Iy, v = 1). The maximum total energy available in Bgﬁzoso (dihedral) 11019537 1134 1138
reaction 1 is 17.5 kcal/mol, which includes kinetic energy from 0SCCle ' 1222 126.2

O(P) corresponding to the NOEKly/,, » = 0) channel, and an 0SCClans 118.5 118.8

average c.m. collision enerd¥.o Cof 3.4 kcal/mol for OfP)
is obtained for reaction 1 from the relative yields of NGk,

v = 0)/NO(XIy,, v = 1) from the 355 nm photolysis of NG°
This [Eqdresults in Ey of 16.4 kcal/mol, which can be
partitioned among the SOEX~) and CCH(*A;) products’
degrees of freedom in reaction 1.

Since energy disposed into the vibrational modes of the
product and the qualitative shapes of product vibrational state
distributions are known to serve as a diagnostic for reaction
mechanisms, we will consider them first. The measured nascent
vibrational state distribution of the SOfX~) product from
reaction 1 within two gas kinetic collisions (using the data shown Figure 4. Calculated ab initio (MP2/6-311G* level) geometry forCl
in Figure 1) can be used to calculate the energy partitioned into CSOfA") intermediate. Bond lengths and bond angles for the
the SO(XS") vibrational degree of freedom from the following ~"té'mediate are given in Table 1.
expression:Eip = E, — Eg), wherekE, is the zero-point L )
enzrgy,E\, is tvrl1be vigr(;vt(io\rl]al er;))ergy for sEthte', andcy ispthe any, by the c.m. k|n(_et|c energy imparted to théf)(atom from
fractional population in each vibrational level. This average 1€ 355 nm photodissociation of NO .
nascent vibrational energy was calculated to be 1.3 kcal/mol, To understand the intimate details of the proposed mgchamsm,
which corresponds to 8% ... As a result of a Boltzmann ~ We need to get a better grasp of the structure of the triplet Cl
type vibrational distribution for the SOEX-) product, one CSQ |ntermed|a§e. Ground-state sulfines are known.to be
possible explanation is that the reaction proceeds via a long-'elatively stable in the gas phase, even though the simplest
lived intermediate and all modes of this intermediate participate Moiety, HCSO, is quite unstabfé:** Several substituted
equally in product formation. sulfmes, mcludln_g the ground state of ,CSO, h_ave k_)een

Owing to the electrophilic nature of €g), the high charge studied recently in the gas phase by electron dlﬁral_c'glpn and
density on the sulfur atom in €IS, and the spin conservation Were found to be planar with & symmetry?* Ab initio
for the reaction, we propose the formation of the same triplet calculations of ground-state,8SO have revealed the planar
dichlorosulfine (CICSO) intermediate as that of Slagle et®l.  structure for this molecul®. To the best of our knowledge,
to be the primary process. The primary step is the attack of the structure of the exc.lted triplet LSO has.not been repo.rted.
OEP) on the sulfur end of GCS to produce an energy-rich, Our ab initio computational efforts employing the Gaussian 94

triplet dichlorosulfine (GICSO) intermediate. The 2SO Suite of program® find the minimum energy geometries for
intermediate must involve at least one of the lone pairs of Poth ground and excited triplet states 0,C$O at the MP2/

2 Reference 33 See Figure 4¢ Bond lengths are given in angstroms
and bond angles in degrees.

electrons from the sulfur atom transferring to thé®)(atom, ~ 6-311G* level of theory. The calculated triplet excited-state
thereby resulting in the two resonating structures, as shown in9&ometry for the GICSO intermediate provides a qualitative
reaction 5: picture into the dynamics and mechanism for the title reaction.
The results of our calculations for the plandA’) ground-
al B - * state C;LCSO_ along with t_he gas-phase_ geometric parameters
oCP) + \C —s Cl\c—é o derived by Liedle et al. using electron diffractfSrare given in
cr T Table 1. Our calculated geometry for ground-statgoSIO is
a J r in excellent agreement (withi#t3%) with that of the electron
diffraction experiments, and this gives a measure of confidence
a.. . in our excited-state structure. Our ab initio calculations on the
SO(X’L) + CCL(A)«—— £—8§=0 ® triplet excited PA") state of CJCSO reveal that the molecule
| €1 a is nonplanar (puckered structure) compared to the planar ground-

state geometry. This is not surprising, since the structure of

This triplet CLCSO intermediate then undergoes a£bond ground-state thiophosgene ¢CB) is planar with &C;, sym-
cleavage to give SOGE™) and CC}(*A;) products. The overall metry and the first excited triplet statéA}) is nonplanar with
reaction mechanism is given in eq 5. a 32 out-of-plane bending angfé. In the case of GCSO, the

Since the kinetics experiments by Slagle etlalere carried planarity of the excited triplet state is lost by virtue of the two
out at high pressures, it seems likely that the rate-determining Cl atoms and the O atom pointing outward in the same direction
step must be the one that involves overcoming the barrier in from the C-S bond axis of the molecule. The calculated
the entrance channel of this reaction to produce the triplet Cl  optimized geometryGs symmetry) for the triplet excited state
CSO intermediate. A near-zero activation energy.(L15+ of CI,CSO, given in Figure 4, demonstrates the nonplanarity
0.106 kcal/mol) was reported for this reaction in their work. In of this molecule. Note that this energy minimum corresponds
our experiments the reaction overcomes this small barrier, if to the cis form of this molecule, and attempts made to find the
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energy minimum for the trans, with the two Cl and O atoms 0
pointing in opposite direction from the-€S bond axis, only 1T«:
reverted back to the cis conformation. Our calculations for the 0] OCP+CSCh
ground state and excited tripletCISO intermediate, without l SO(X’T) + CCL('A)
any restrictions imposed on the structure and symmetry, resulted 20 00\ e
in 1A’ and®A"" designations for these states, respectively. The g
G-2 calculated energy difference betwedd and3A" states i-so
for CI,CSO is 36 kcal/mol. This large energy difference
suggests that reaction 1 proceeds exclusively vidaHesurface & -0
of CI,CSO with little or no participation from th&\' surface. g

Since reaction 1 resulted in a Boltzmann-like SEXX) -50 "
product vibrational distribution, a statistical energy disposal T C1,C50 CA")
model developed by Bogan et #Hl.and Rosenfeld and co- -80
workers® was employed for comparison. In this model, the C1,CS0 (A"
probability f(e, E) of producing the SO(%&™) with vibrational 0 2

REACTION COORDINATE

energye for a given available enerdy is given by the equation
Figure 5. Calculated energy level diagram for®jf+ CSC} reaction

E—e based on the ab initio calculations and statistical model. Refer to text
Nso(f)fEI P(E—e€e— Et)\/Et dE for details.
f(e, E) = (6)
E . . .
E—e The entire potential energy profile based on the above results
ZDNSO(E)‘[;;‘ P(E—e— Et)\/Et dE, for reaction 5 is given in Figure 5.

The average near-nascent rotational endtgydisposed to
whereNso(€) is the vibrational density of states of SGEX) the SO(XX") product in reaction 1 is estimated frokgTror,
at vibrational energye, which can be calculated from the Where Ty is the average of the rotational temperatures of
harmonic oscillator approximationP,(E — € — E)) is the total SO(Xx~, v = 0—4) under two gas kinetic collisions. The
number of states corresponding to the vibrational and all active calculatedT ot is 537+ 65 K, which results irEq of 1.07 kcal,
rotational degrees of freedom of the other product, namely;-CCl  corresponding to 6.7% dEa,. This small percentage (6.7%)
(*A;) at energy E — € — E;) whereE; is the translational energy.  Of available energy disposed into the rotational degree of
P,(E) is calculated by using the WhittefRabinovitch semiclas- ~ freedom in SO(X=") and with little or no barrier predicted for
sical algorithm®® It should be noted that this statistical model the CLCSOEA") intermediate suggests that the SO rotations
allows us to compare our experimental results to what would in the complex probably correlates with the CSO bend in the
be expected in the limit of statistical energy partitioning to the €Xit channel. Moreover, the center of mass in theGSIO-
SO(Xx=") product and cannot function as a unique model for (BA'") intermediate lies more toward the carbon end of this
the dynamics of reaction 1. This model requires the STI(X molecule because of the heavy Cl atoms bonded to it, and
and CC}(*A;) products’ vibrational frequencies and an available therefore, the other product, namely, @A), should carry
energyE, which is a fitting parameter. This energy can be either most of the available energy in its internal degrees of freedom.
the total exoergicity of the reaction, i.e., 16.4 kcal/mol, if the LIF experiments are currently underway to detect the,C&1)
reaction is only controlled by the small entrance channel barrier product in this reaction.
or anything different than this if the @ISO intermediate has
an exit channel barrier. Since the global potential energy surface5. Summary and Conclusions

and the transition state structures fo,@SOPFA") were not ) ) )
calculated, it is rather difficult to estimate the barrier, if any, ~ We have reported our detailed experimental and theoretical

for this intermediate. An approximate potential energy profile Studies of the dynamics of the reaction offR) with CSC}.

for reaction 5, including the possibility of any exit channel Our results and analysis are summarized as follows.

barrier, was deduced from the calculated S&X vibrational (1) Nascent vibrational and near-nascent rotational state
state distributions based on the statistical model and from the distributions of the SO(X2") product have been measured by
relative energies obtained from the computed minimum for the Using laser-induced fluorescence spectroscopy following the 355
reactants, intermediate, and products by the G-2 theoreticalnm photolysis of N@in the presence of CSEI The vibrational
procedure® Our G-2 calculations resulted in a 46 kcal/mol State distribution of the SOEE™) product was found to be

energy separation between the reactants an@CSIDEA") Boltzmann (see Figure 1) with a temperatliyg = 1150+ 55
intermediate. This result strongly favors a bound state for this K corresponding to 8% of the available energy for this reaction.
species. The measured Boltzmann vibrational distribution is consistent

The calculated SOGE") product vibrational state distribution ~ with a long-lived CLCCSOEA") intermediate, in agreement with
using the statistical model is shown in Figure 1. The vibrational the previous kinetics measurements made on this reaction
frequencies for the C@FA;) product are obtained from the  systemi! The SO is produced rotationally cold withTay =
recent rotationally resolved spectral studies for this molecule 537+ 65 K (i.e., Ert = 1.07 kcal/mol), corresponding to 6.7%
by Clouthier and co-worker. Our experimental data fit well ~ Of Eav.
to the calculated distributions only when the available energy  (2) The Gaussian-2 theoretical procedure, based on ab initio
Ein eq 6 is 18 kcal/mol, in good agreement with the 16.4 kcal/ correlated methods, has been applied to reactants, products, and
mol exoergicity of reaction 1. This results in a transition state intermediates in order to evaluate their relative stabilities. For
for the CLCSOEA") intermediate to be roughly equal to the the reactants and products, the calculated results are in strong
energy of the products (shown in dotted lines in Figure 5) in agreement with previously measured experimental values. Ab
the exit channel. Thus, the reaction has little or no barrier initio correlated calculations have been employed to determine
associated with the exit channel for the CSOEA") intermedi- the structures of théA" intermediate and th&\' ground state
ate to the extent that this model is an accurate representationof CI,CSO.
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(3) The large energy difference of 36 kcal/mol calculated

between the?A" intermediate andA’ ground-state GCSO

indicates that the reaction might proceed exclusively via a triplet
potential energy surface in £4SO. The calculated vibrational
energy distribution for the SOEX™) product, based on a
statistical energy-partitioning model in conjunction with the G-2

Ravichandran et al.

(10) Alagia, M.; Balucani, N.; Casavecchia, P.; Stranges, D.; Volpi, G.
G. J. Chem. Soc., Faraday Trank995 91, 575.

(11) Slagle, I. R.; Gutman, Ont. J. Chem. Kinet1979 11, 453.

(12) CvetanovicR. J.Can. J. Chem196Q 38, 1678.

(13) Chen, X.; Wu, F.; Weiner, B. Ehem. Phys. Letfl995 247, 313.

(14) Ravichandran, K.; Gong, Y.; Wu, F.; Weiner, B. ®hem. Phys.
Lett 1996 256, 348.

(15) (a) Rochford, J. J.; Powell, L. J.; Grice, R.Phys. Chem1995

calculated single-point energies for the reactants, products, andg, 15369. (b) Gao, X.; Hall, M. P.; Smith, D. J.; Grice, R.Phys. Chem.
the CLCSOEA") intermediate, suggests that the reaction has 1997 101, 187.

little or no barrier in the exit channel.

(16) Wang, H.; Chen, X.; Weiner, B. R. Phys. Chenl993 97, 12260.
(17) Chen, X.; Asmar, F.; Wang, H.; Weiner, B. RPhys. Cheml 991,

(4) The detailed dynamics studies described here are besigs, 6415,

explained in terms of an additierfragmentation mechanism
similar to that proposed in previous kinetic studies of this 937
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