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A study of the reaction OH SO — H + SO, using quasi-classical trajectory method is presented thaim of investigating
the role of the ro-vibrational energy of the reactants in t&ctivity. The calculations were carried out using a prasiy
reported global potential energy surface for H8%\). Different initial conditions with one and both reactardsvibrationally
excited were studied. The reactive cross sections, for stuthed combination, are calculated and then fitted to aucagike
model combined with a factor accounting for recrossingatéfeThe Vibrational Energy Quantum Mechanical Threshékthe
Complex method was used to correct for the zero-point vilmmat energy leakage of the classical calculations. Stzeific and
averaged rate constants are reported. The reactivityastaff when ro-vibrational energy of any of both reactanthanged.
The present calculations provides a theoretical suppoth@éexperimental rate constant for temperatures below5 bt fails
to account for the significant fall in observed rate constétit increasing temperature above this value.

1 Introduction a global six-dimensional potential energy surface to descr
the interactions of the molecular system, and quasi-daksi

Reactive collisions between hydroxyl radical and sulfudes  trajectories methodology.

are of interest in combustion and atmospheric chemistry  The paper is organized as follows. Salient features of the

Particularly, the reaction: potential energy surface are presented in the next sedtibn,

OH+SO— H+ S0, Q) lowed by a brief survey of the_ trajectory calculations metho

ology. Results of the calculations are discussed and cadpa!

has been extensively studied, both theoreticalifyand ex-  with the literature in Section 4. Main conclusions are gegte

perimentally*>-14 In previous work®1 details of the re- in the last section.

action mechanism were presented and using quasi-classical

trajectories calculations and the double many body expansi

(DMBE) potential energy surface described in Ref. 15, th

effect of temperature and rotational energy on the readtion To represent the inter-atomic interactions, a six-di i

was investigated. In such studies, the calculated ratazoiss double many-body expansion (DMBE) potential ener
were compared with the experimental data from the litera- y y exp b 9y

. ; o . surface (PES) for the ground electronic state of HSO
ture’?>1* and it was theoretically verified that the considera- (PES) 9 H

5 -
tion of rotational excitation of the species OH and SO dogés noWas used Such a surface employs DMBE func

tions previously reported for the diatomic and triatomic
led to the sudden drop of the rate constant when the tempe b y Tep

) . ffagments and four-body energy terms to mindb ini-
ature rses above 500 K as Bliet al. have repprte@z_f‘. Such tio CASPT2/FVCAS/AVXZ (X=2,3) calculations for the
observation led us to evaluate the role of ro-vibrationakgy

in the title reaction. Thus, the aim of this work is to study tetratomic system. The DMBE PES presents two paths, from

T L the reactants OH SO, to the only products, K SO, , al-
how the reactivity is affected when considering reactaots r e .
. L7 . . lowed to be formed for the energy range studied in this wor
tationally and vibrationally excited using, for such a posp,

(Figure 1). Notice the absence of a barrier for reactants tc
produce intermediate species. The same nomenclature uscu

2 Potential energy surface

1 Electronic Supplementary Information (ESI) available. eSBOI:

10.1039/b000000x/ before'® is used in the present study. Thus, HOSO stands
2 Departamento de Fisica, Universidade Federal de Juiz da-&FJF, Juiz ~ for the global minimum with the hydrogen atom bonded to
de Fora, MG 36036-330, Brazil; E-mail: maikel.ballester{@edu.br oxygen, Iying 718 kca|/m0| below the OH+ SO limit; TS,

b Centro Interdisciplinar de Ciéncias da Natureza, Univdesle Federal da e
Integracao Latino-Americana-UNILA, Foz do Iguaci, BE867-970, Brazil. (185 kcal/mol below OH+ SO) denotes the transition state

¢ Instituto de Quimica, Universidade Federal do Rio de JaneR] 21941-  t0 form H+ SO, directly from HOSO and the transition state
909, Brazil. TS; (18.2 kcal/mol above the T§ connects the HOSO global
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states, which meangy = 1 andjspo = 0 assuming that OH

2 follows Hund’s rule case Bf. Nevertheless, to obtain vibra-

10 tionally and rotationally averaged thermal rate coeffitsgio

e = be discussed later), two sets of rotational quantum numbers
were also considered for selected vibrational combination

H..050 H 450, To run trajectories, the reactants were initially set atd10

appart, to make the interaction energy between them essei-

HSO0; tially negligible. The value of the time step used for the nu-
merical integration was of.8 x 10-18s, which warrants con-

-7 HOSO servation of the total energy to better than one part if 10

80 The maximum impact parameter has been found by runnil.g

batches of 100 trajectories at fixed values, viithy being re-

duced until the reaction takes place. Such a proceduresllow

bmax to be determined withint0.1 A. For the cases where

only the OH radical is vibrationally excited and the transla

minimum to the H+ SO; limit through the HSQ@ isomer. tional energy is relatively small we obtained the same \s&lue

A salient feature of interest to the present work, is the prePreviously reported fobmax**.

dicted thermochemistry for reaction 1. Combining the en- Batches of 2000 trajectories were run for each combinatior:

thalpy values reported by Wheeler and Schaefer Il in arPf translational and vibrational energies. Such a number pr

ab initio study on the HOSO radicHi, we obtainAHgx =  duces a reactive cross section with an error of typicallya fe

29.4 kcal molL, while from the HS@ DMBE PES!® we get ~ Percent §og® = 11.6%).

AH=30.17 kcal mot L at 0 K, which reproduces very wellthe ~ The reactive cross section is given®y

| |
8=

E/kcal mol~?!
&L b
(=] (=] =]

|
=
=3

Fig. 1 Energy profile for the title reaction as obtained from the
HSO, PES (Ref. 15).

above mentionedb initio results. Nr
The HSQ DMBE PES was also usédin a quasi-classical OR(Etr;VoH, joH, Vso, jso) = ”b%axN— (3)
trajectory study of the inverse reaction i
and the associated uncertainty is
H+ S0, — OH+ SO, 2)
Nr — Ng\ 72
and the rate constant values there obtained are in very good Aor = NrNg OR, (4)

agreement with the experimental data. Recently Mc Carthy
et al, in a rotational spectroscopy study, reported angles an@hereNg is the number of reactive trajectories in a totaNgf
bond distances for the HOSO structtfte Values there pre- Ngr/Nr is the reaction probabilitfg). Assuming a Maxwell-
sented concur with the corresponding geometry obtained fro Boltzmann distribution over the translational energy), the
the DMBE PES. These results indicate that the DMBE PES ispecific rate coefficient is obtained as:
accurate and reliable for the purpose of this work. It is Wwort

o . ! 3/2 1/2
mentioning that recent works have reported discrepanées b K(T Vor, JorVso, jso) = Ge(T) 2 1 o
tween high levelab initio calculations and the above men- .’ YOH:JOH:VS0,]s0) = Qe keT U
tioned DMBE PES$°2C, but the qualitative differences there - _ _ =
reported refer to other regions of the PES which are not con- X/o Etr 0r(Etr; VoH, Jow, Vso, jso) eXp(m) d&r (5)
sidered in this work.
whereT is the temperaturgy is the reactants reduced mass,
ks is the Boltzmann constant amd(T) is the electronic de-

3 Computational procedure generacy factor, which assumes the P25

The quasi-classical trajectories (QCT) were obtained thi¢h 1

MERCURY progrant?, using the HS@ DMBE potential en- 9e(T) = 31T exp—205/T)] (6)
ergy surface. To assert the study of the role of vibrational

energy, specific initial state calculations were carrietdfou  The zero point vibrational energy (ZPVE) leakage of the-clas
selected vibrational-rotational quantum numbers of the resical trajectories is a well known problem. Several methodo
actants, heretofore referred &so,Von,jso and jon. For  gies have been proposed to deal with such a proBfeth In

all combinations, the initial translational energy cowktee  this work we used the Vibrational Energy Quantum Mechani-
range 0199 < E /kcal mol? < 9.936. For such calculations cal Threshold of the Complex (VEQMJ?° method. Accord-
the molecules were kept at their respective rotational gglou ing to this procedure, only the trajectories for which th&lko

2| Journal Name, 2010, [vol] 1-10 This journal is © The Royal Society of Chemistry [year]
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vibrational energy of the products exceeds their corregingn 120
ZPEs are considered in the statistical analysis. a QCT
As beford®, we used a geometric criterion to define vs0=1, vog=0 =
whether complex formation has occurred. According to such 80 XSOZO’ XOH:(; :
a criterion, complex formation is defined by means of two dis- < Y V28=1: V8§=1 v
tances: one ensuring that the incoming hydroxyl radical is \m
bonded to sulfur, the other checking whether the H atom is  © 40 |
part of the four-body moiety or, instead, far away in the re-
gion of the products H- SG,. A complex is then any arrange- .
ment of the four atoms H O,— S— Oy, such that the HS and Bl
SO, distances become shorter tha8 fimes their values at the 0 0 5 10

global minimum. Such a definition leads to complex lifetimes 1

that agree well with those obtained from the distance vs time E,,/ kcal mol

plots for randomly selected trajectories. Indeed, we firshsu _ ) _

a procedure to be sufficiently rigorous to avoid the cumber-':'g' ZSRoeaCﬁ’e goss S_fﬁt_'tomé) verf_us F’ fo;_the r]ft?cgog

some procedure of checking the bond distance vs time plotg 0= R Oz, Wi 's respective functions hited. some
. . Selected vibrational combinations are shown.

for all trajectories that have been run, although check® hav

been performed to warrant the accuracy of the method during

mass production of the trajectory results. trajectory results of three combinations of vibrationabnu
The analysis of non-reactive trajectories (see later)irequ  ym numbers are shown. The full list of results is given a=
aboxing procedure to assign the final vibrational en&fgn  glectronic supplementary information to this paper. Inl@ah
each product molecule, wherestands for OH or SO which 55 pefordl, Neomis the number of trajectories forming a com-
are the products for the recrossing trajectories. The miethop|eX, while Nrec is the number of recrossing trajectories, i.e.,
used in this work defines the energy gap associated with levghose trajectories which break down the complex towards the
Ef(v) as: reactants. These values were used to construct the Figure .
showing how the reactive cross section is affected by the in-
EX(vi+1) —EX(vi) (7) Crease of vibrational energy. In all batches it was verified t
2 Neom = Nk + Nree.  As beforé?l, no formation of HS@ was
observed. Thus, all reactive trajectories evolves thraihgh

EX(vi) — EX(vi — 1)
2

<E¥(v) <

whereE*(v;) are the energy values for the vibrational levels

of OH and SO [the energi*(—1) is defined to be zero]. Of Tsé'_ the titl foni thermic th ber of .
course, the boxing procedure is always a source of &tror Ince the litle reaction1s exothérmic the number ot reactiv

However, we used for comparison the specific initial-state d trajectories is negligibly modified when the ZPVE is taken

activation probability (i.e. the probability of transitidrom |r_1to acc(;)unt. Howe\ger,tr':het r:ulmbert())f nofryre_ac:w_e trzgctn
the initial vibrational state corresponding to the endegyor ries, and consequently the total numbuer of trajectorias

the x species to any smaller final vibro-rotational enefgy z[gﬂlflcanltly rfdutcr:]ed. Tth{S, the VEQM;f’nethc;]d furnishes ad .
of deactivated molecule), instead of the state-to-stdtex+e %Ter_r\;]a U(?c gr d € reatc_: Ve ctr)oss_ selc lon when cotmp“z;rle
ation probability, which tends to minimize such errors ie th QCT. The studied reaction is barrier-less in our potential e

assignment proceds The specific initial-state deactivation girgylsuzl;fiC?rgnld It 'l‘c’ ?(i)r:?”r]at?id :y I(I)tr}g'&ingvi(?goig dipol
probability can be defined as: pole) intermolecular interactions. Itis kno atthess

section for this kind of reactions decreases when traosiati

EX(vi—1) energy increasé$33and this is exactly the behavior observed
Pé = XZ PgEX (8) in Figure 2 for the cross section calculated in this work. As
B === far as the influence of the degree of vibrational excitat®n i

concerned, Figure 3 shows different variations in the react
where pé_iEX - NﬁEx /Nr is the state-to-state deactivation Cross section depending on which reactant is vibratioreadty
oo b cited. From such a Figure, it is clear that when SO is the
excited species the reactive cross section decreasesmwiith a
crease on the vibrational energy and tends to a constardg val!
4 Resultsand discussion for large vibrational energies. On the other hand, when O’
is the excited species the reactive cross section first deese
Table 1 collects the results for trajectory calculationgwbne  for vogq = 1, and then raises with further increase of vibra
or both reactants are vibrationally excited. For brevitylyo tional energy. We also considered cases where both reactart

probability.

This journal is © The Royal Society of Chemistry [year] Journal Name, 2010, [vol], 1-10 |3
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Table 1 Summary of trajectory calculations for selected ro-vilmrzél combinations of the reactants

VOH; VS0 Etr/ bmax/ QCT VEQMTc
kcal morl A NT Ncom Nrec Nr NT Ncom Nrec Nf
0,3 0.199 88 2000 1617 1128 489 1563 1192 714 478
0.396 79 2000 1560 1132 428 1563 1127 703 424
0.596 72 2000 1506 1067 439 1574 1084 652 432
0.993 64 2000 1424 1043 381 1578 1015 639 376
1.987 56 2000 1200 893 307 1650 861 556 305
5.962 42 2000 1112 926 186 1709 829 649 180
9.936 39 2000 1081 976 105 1741 825 722 103
2,0 0.199 87 2000 1589 1001 588 1895 1496 909 587
0.396 77 2000 1496 900 596 1894 1405 810 595
0.596 71 2000 1488 940 548 1897 1393 847 546
0.993 64 2000 1354 841 513 1894 1259 746 513
1.987 54 2000 1298 812 486 1901 1218 733 485
5.962 40 2000 1242 895 347 1892 1158 815 343
9.936 41 2000 1034 814 220 1903 963 746 217
1,1 0.199 Q0 2000 1564 1024 540 1797 1366 829 537
0.396 82 2000 1405 932 473 1816 1230 758 472
0.596 72 2000 1497 993 504 1785 1288 791 497
0.993 66 2000 1318 893 425 1813 1138 721 417
1.987 59 2000 1071 752 319 1817 900 583 317
5.962 44 2000 1078 854 224 1844 927 706 221
9.936 40 2000 1071 923 148 1831 915 767 148
200 200 200
E;,=0.199 kcal mol ™! e E;,=0.396 kcal mol ™! E(,=0.596 kcal mol !
B T °
100 (R~ . 100 m“i . 100 4 R
W ... i o
i Magy et LT
L |".-|.".| 0 L ".-._F"q 0 | tEeEEpaay
10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
— 50 50
E,,=1.987 kcal mol "¢~ E,,=5.962 kcal mol ™! E,,=9.936 kcal mol !
e @ 25 e ¢ 25 «®
R NN ey
- N P e g
L |. .’.-I.'..I 0 \.\.\‘I—--.-.?Il.'.-F-.'q 0
10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

Total vibrational excitation energy/kcal mol™!

Fig. 3 Reactive cross section for different initial conditionglwbdne and both reactants vibrationally excited. The cirfted), squares (blue)

and triangles (green), show, respectively, the theoldetisallts when vibrational energy is deposited in OH, SO aottl beactants.

4| Journal Name, 2010, [vol] 1-10
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are vibrationally excited. For five selected combinatidhs,
results showed that the values of the cross section falldziw
the values obtained with one of the reactants vibratioredly
cited (see Figure 3) demonstrating that the tendency to in-
crease the cross section with the excitation of the OH radica
is compensated by the decreasing action of the excitation of
the SO molecule.

In order to understand this behavior it is important to con-
sider which factors favor the formation of the complex and
its evolution towards the products. Figure 4 displays, with
filled diamonds how the complex formation is influenced by
the vibrational excitation. There, little changes are ob=e
in the probability of forming the compleXN¢om/Nt) as vi- (@ 0.70
brational energy is deposited in either the OH or in the SO 0.6
species. Thus, according to these results, the formatitimeof
complex is rather independent of the reactants vibratienal
ergy and also independent on which reactant is vibratignall
excited. Such relative small variations in the probabitify
forming the complex are related to changes produced in the
multipolar moments of the reactants as they are excitecvibr
tionally. To estimate how much the dipole moments change
when the species are vibrationally excited, we used the DMBE % 2 1 p s 10
PES to calculate them as a function of the respective internu Ria,
clear distance$3*3% The results are shown in Figures 5(a) ‘
and 5(b) together with the classical turning points, in the i
sets, for several vibrational energies of each reactants It
clear from Figures 5(a) and 5(b) that the dipole moments of
the vibrationally excited species change very little e&ato
the respective ground state values. Therefore, from the-pre
ous analysis we can conclude that most of the influence of the
vibrational energy on the reactive cross section, showngn F
ure 3, must be related to the evolution of the reaction onee th =37
complex is formed. This is also illustrated in Figure 4. &dll
circles and triangles represent the reaction probabiiigy ¢he 0 2 7 p s 10
complex was formed\r/Ncom), for vibrationally excited OH R/a,
and SO species respectively. Notice that the shapes of these
plots are very similar to the ones in Figure 3. Again, differ- Fig- 5 Dipole moments for OH, panel (a) and SO, panel (b) as a
ent behaviors are observed, depending on which of the specid“nction of diatomic bond length, according to the DMBE PESdl
is vibrationally excited. Thus, the complex evolution todg " this work. The insets show a zoom in of the same plots aral als
the products depends not only on the vibrational energy butthe classm_al turning points for the corresponding vilorzei level of

. . . . each speciespy=0—5,vs0=0—14.
also on which reactant is excited. After the complex forovati
the molecule experiment two competitive processes: r@acti
and vibrational relaxation. The reaction requires the urept
of the OH bond of the complex, a process that should be fa-
vored by the amount of energy in the vibrational mode associ-
ated to that bond. On the other hand, to promote the reaction,
any amount of vibrational energy initially deposited on 8@
species should be quickly transferred to the OH bond. Table 2
shows the values of specific initial-state deactivatiorbpiwl-
ities calculated using equation 8 considering all the naic+e
tive trajectories and only the recrossing trajectoriesctises
in which similar energies are used to vibrationally excite t

0.8

OH dif)ole moment

T T
OH turning points "+

0.4

Dipole moment/a.u.

0.2 . . . 2.8

SO dfpole moment

T T
SO turning points "+

0.5 T

Dipole moment/a.u.
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1.0 | E,,=0.199 kcal mol ™! . 1.0 | E,,=0.396 kcal mol . 1.0 | E,,=0.596 kcal mol
0.5 [u-.. e 05 . o 0.5 [-u".. e
S e m e
§) 'l"IIIIII i‘.l'.Ilil EERaEEgman
: OO | | | | 00 | | | | 00 | | | |
-g 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
S
&
1.0 - E,,=1.987 keal mol™* .| 10 [ Eu=5.962 keal mol ™! 1.0 - E,=9.936 kcal mol™
o = )
0.5 . o 0.5 0.5
i‘. _______ R I A .' L
[ T @ g P
0.0 1 - ..I-.~.-.I.‘.>...I 0.0 ...~.I..>...I.'-.-I.-...I 0.0 '.-"'. ?.'..F'.'.-q
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

Total vibrational excitation energy/kcal mol !

Fig. 4 Probability of forming the compleXNcom/Nt) (diamonds, green) as a function of vibrational excitagoergy, for selected
translational energies. Reaction probability after theplex is formed Kr/Ncom) as a function of OH (circles, red) or SO (squares, blue)
vibrational excitation energy, for selected translati@rergies.

Table 2 Deactivation probabilities for selected ro-vibrationahthinations of the reactants with similar energies (emsriri kcal mot 1)

Vom,Vso  E;° = QCT VoH,Vso  EQ" = QCT
Pec Pt Pec  Pr
0,3 9.587 0199 0530 0618 10 10199 Q199 Q417 Q470
0.396 0533 0619 Q396 Q406 Q459
0.596 Q504 Q598 0596 Q398 Q443
0.993 Q491 0591 Q993 Q374 Q430
1.987 0421 Q565 1987 Q366 Q425
5.962 Q405 Q561 5962 Q367 Q429
9.936 Q0344 Q495 9936 Q330 Q390
0,13 39.386 (199 Q580 0859 40 38058 0199 Q191 Q379
0.396 Q507 Q798 Q396 Q179 Q350
0.596 Q496 Q810 Q596 Q184 Q352
0.993 0438 Q742 Q993 Q160 Q336
1.987 Q404 Q740 1987 Q170 Q387
5.962 Q329 0690 5962 Q203 Q461
9.936 Q370 Q747 9936 Q162 Q369

6| Journal Name, 2010, [vol] 1-10 This journal is © The Royal Society of Chemistry [year]
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0.6
QCT
vso=1,vou=0 =
Vs0=2, Vop=0  *
0.4 A VSO=O’ VOH=1 A
Q}% m:‘: .,_,_’ . VSO=1’ VOH=1 v
-
(a) (b) (c) 02 |
Fig. 6 Vibration modes of the HOSO global minimum, from HSO IRERE
PES!®. Panel (a) displays OH stretchimg = 369952 cni 1, panels
(b) and (c) display SO stretchings = 133164 cm ! and 0.0
v3 = 85627 cnt ! respectivelly. 0 5 10

E;/ kcal mol

OH or the SO species. From the results in Table 2 it can b&ig. 7 Probability of reaction after the formation of the complex
seen that the relaxation processes are more intense when ttle- Pec) versus translational energlif) with its respective fitted
SO species is excited. Examining the vibration modes of théunctions,Prec = §== is the probability of a trajectory to recross
complex it is possible to identify three modes which are-basi Pack to reactants after forming a complex. Some selected
cally associated to stretching of the OH and the two SO bondg/Prational combinations are shown.

shown in Figure 6.

Assuming that the complex is formed with excess of vibra-tg the capture cross section, differently from considethrey
tional energy in the SO bonds, for the reaction to take placgecrossing factor just in rate const3ht In the first case one
it would be requirech(2v> + v3) quanta of energy to be in-  may have dependence of such a factor on the translational and
ternally transferred to the OH bond. However, any increasgnternal energy of the reactants while the recrossing fanto
in the amount of vibrational energy on those modes will alsothe rate constant is only a function of the temperature.
increase the probability of relaxation. On the other hahd, t  gypstituting Eq. 9 in Eq. 5 and integrating, one gets:
transfer of energy from the OH bond to the SO bonds would
required multiple excitations of those bonds, a process lesK(T; Vo, joH;Vso; jso) = Keap(T; VoH, joH; Vso, jso) X
probable than the single-bond rupture. " exp(—aEp)

1 2(n—1)/n (11)
4.1 Reaction rate constant ( T_O)

As the title reaction is a barrier-less process (Figure g, t wherekeap is given by:

reactive cross section can be also expressed as: Keap(T;VOH, joH Vso, js0) = 2nTge(T ) (n — 2)(2—n) /o
UR(Etr; Evib; Erot) =nm(n— 2)(2—n)/n X % i 12 (kBT)(n—4)/2n %
C, \2" U
X (E) Frec(Etr; Evib; Erot) 9)
;

2N ram-1
x(%) rLLFJ}ua
where the first term represents the capture cross séétin
and Frec(Etr; Evib, Erot) accounts for recrossing effects, which WhereTo = _1/_ (aks) and the parameters, EO:_” andC; are
depends on the translational, vibrational and rotationare ©btained by fitting 1- Pec x Eqr to the function in Eq. 10 and
gies. It was found convenient to use fag. the same expres- R X Ey to Eq. 9 (see Figure 7). The rotational effects were

sion of a previous study: analyzed using a linear approximation for the coefficiemés (
ble 3) as a function of ro-vibrational enerly To examine
Frec = exp[—a (Ey + Ep)] (10) the effect of both vibrational and rotational excitatiomstbe

average rate constants it was first necessary to choose pop!'-

From such expression (witth > 0), the probability of the re- lation distributions. We found appropriate to use Boltzman
action to take place after the complex is formed, descreasafistributions for the population of rotational levels oftboe-
when increasing an effective value of eneEyy+ = E;, + Eo. actants, as well as for the population of the OH vibration lev
This energy is given by the sum of the initial translational e els. However, to compare our theoretical results with expe
ergyE; and a certain amount of enery depending on the imental values of the rate constant reported by Béital.1*
internal energy of the reactants. It must be remarked that he a non-equilibrium distribution was used, based on the ¥ollo

and beforé?, recrossing effects are considered as a correctioing reasoning. According to the experimental witkSO was

This journal is © The Royal Society of Chemistry [year] Journal Name, 2010, [voll, 1-10 |7
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Table 3 Coefficients from the fitting of the cross section and redrastactor to functions in Eq. 9 and Eg. 10 respectively

Vs0,jso  VoH; joH QCT VEQMTc
n G o ES n G a ES

0,0 0,1 4328 389604 Q004 Q149 4561 944862 Q101 -0.752

0,60 012 4064 63903 Q002 Q087 3464 36725 Q0244 Q091

1,0 0,1 4032 233113 0010 0134 3778 130102 Q111 Q123

1,60 012 3988 56499 Q001 Q074 4205 63178 Q001 Q079

2,0 0,1 4270 326124 Q002 Q112 3795 127657 Q009 Q114

2,60 012 2765 12692 0329 Q056 2700 10584 Q349 Q060

3,0 0,1 3919 185424 Q009 Q095 4087 203660 Q006 Q103

3,60 012 4484 97703 Q003 Q051 4395 74873 Q012 Q052

0,0 11 3987 200845 Q022 Q085 3947 174125 Q057 Q087

0,60 112 4077 59184 Q187 Q048 4089 54428 Q200 Q049

4,0 0,1 4082 221932 0019 Q092 4013 175363 Q016 Q097

4,60 012 4124 62216 Q094 Q044 4060 50595 Q124 Q047

1,0 11 3924 185571 Q045 Q081 3853 153124 Q033 Q081

1,60 112 3963 51153 0216 Q043 3940 45586 0231 Q044

5,0 0,1 3548 97291 Q146 Q064 3513 84504 Q149 Q070

5,60 012 4346 80508 Q004 Q057 4506 89866 Q000 Q061
in kcal mol 2.
obtained from the photolysis of €30 at 193nm’ and the au-
thors assumed that SO was effectively relaxed before the rea
tion with OH takes place. To our knowledge, however, there
are no reports of SO vibrational relaxation at conditionsisi
lar to those used in the experiments. Thus, we find convenient
to use the population of vibrational levels of SO as given by
the vibrational distribution of the nascent SO obtainedrfro
the photolysis of GISO at 193nm’. Thus, we have: - 50 Wang et al.(1993) —=—

AE; £ 40|
Pi(T)=(2j+1) exp(—k?TJ) (13) < }{
5 300 ¥
: [ H

with | . - s 20| i

Ej=(Bji—ajjv+3))(i+1) (14) 5 ,
for the population of rotational levels of both reactants, & 10 . “"{

0 . . . S .
R (T) = exp< ﬁg$H> , (15) 0 5 10 15 20 25 30
vibrational energy/kcal mol™
for the distribution of vibrational levels of OH, and Fig. 8 Vibrational state distribution of the nascent SO fragment
(Eveo — B)Z following the photolysis of GISO at 193mis presented combined
Riso(T) = AeXp(—SOT) , (16)  with its fit of the Gaussian function, relative the vibratibenergy.

for the vibrational populations of SO.

the vibration-rotation coupling constant for the reactaftB

andC are coefficients obtained from the fitting of the exper-
imental distributior’ to a Gaussian function (see Figure 8).

Finally, the average rate constant is then given by:

In the above equa-
tions, Bj anda; are, respectively, the rotational constant and

8| Journal Name, 2010, [vol] 1-10
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95 Table 4 Rate constant (in 16¢- cm? s~1) for the OH+ SO reaction.
OH+SO O H+S0, VEQMT,, Experimental results are from the work of Blizal.1* except when
/ indicated
‘_I‘l_|
Cf)w -10.0 n n i
g T/K  (K(Vow, jon;Vso, jso))  experiment
2 | 295 624_8.89 791+ 158
S, * i 298 622—8.86 116+5.0%
= 105 300 621—-8.84 84+15°
= % rotationally averaged mmmm 353 590-8.40 7.00+1.40
this work m—
Blitz et al. (2001) —e— 403 567—8.05 553+1.10
{‘ 453 R47—-7.76 553+1.10
-11.0 1 2 3 ‘4 5 503 530-7.52 511+1.02
1000K/T 553 514-7.30 445+ 0.89
603 500-7.10 366+0.73
Fig. 9 Rate constant for the title reaction. The theoretical tssul 653 488—6.92 2184 0.43
obtained in this work are given by the region (blue) limitgd b 703 476—6.76 1444+0.30
QCT (bottom curve) and VEQMJ (upper curve) methods. For : :
comparison, rate constant from rotationally averagedutation a from Ref. 12

presented in Ref. 11 are also displayed (green). Experahdata

b
are presented with the respective error bars. from Ref. 13

2 6 12 60 into account both rotational and vibrational degrees of-exc
(k) = z DRy PisoPionPiso(T) X tations of the species, besides the translation energyi-in o
Vor=0vs0=0 jon=1js0=0 der to properly describe the reaction. The reactive cross se

xK(T;Vou, jon,Vso, jso), (17)  tion depends differently on the vibrational energy of thacre
tants. It decreases when the OH radical is vibrational eglcit

whereD is a normalization constant, such that: toVon = 1, and then rises with a further increase of vibrational

2 6 12 60 energy, while only a decrease of the cross section is obderve
> D DRoyReoPionPiso(T) =1 (18)  when the SO molecule is the excited species. This behavisi
VoH=0vs0=0jor=1]js0=0 is explained considering both the probability of forming th

Figure 9 shows a comparison of the average rate constants reemplex and the reaction probability once complex is formea
ported in the literature and the values obtained with bogh th It was verified that the probability of forming the complex is
QCT and VEQMT methods, together with the results previ- rather independent of the vibrational excitation, regzssliof
ously obtained considering only the rotational excitatbthne ~ the reactant being excited, but depends on the relative-tran
reactants. The VEQMJ results represent an upper limit for lational energy. However, the probability of dissociatioin

the predicted rate constants while the lower limit is predd the complex towards the products significantly depends upor:
by the QCT results. From Figure 9 it is clear that a betterthe vibration energy and also on which reactant was vibra-
agreement is found between the theory and experiments whéi@nally excited, showing the same behavior as the reactivc
ro-vibrational excitation of the reagents are considehetht Cross section. The average rate constant was calculatetd by fi
when only rotational excitations were considefedHowever,  ting the reactive cross section to a capture-like modetfypin
from both Figure 9 and Table 4 it is clear that disagreemenwith a factor that takes recrossing effects into accounte Th
still persists for temperatures above 550K. Considerirg th results obtained for the rate coefficient agree well withekie
neither in this work nor in the reviewed literature a propexj ~ perimental data below 550 K, but show large discrepancy foi
tification of the sudden fall in the rate constant of the tidac-  higher temperatures.

tion for higher temperature is presented, further expeantaie

and theoretical studies are required as pointed by Btitd. Acknowledgments
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Reaction cross section and reaction probability after forming the complex as a function of
reactants vibrational energy.



