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A theoretical study on the mechanism of the @Haliphatic thiols reactions is presented. Optimum geometries

and frequencies have been computed at the BHandHLYP/6~-3G(2d,2p) level of theory for all stationary

points. Energy values have been improved by single-point calculations at the above geometries using CCSD-
(T)/6-311++G(d,p). Twelve possible channels have been modeled, three of them including the possible
influence of molecular oxygen, and three of them involving excess of OH. The only channels that have been
found to significantly contribute to the overall reaction in the troposphere are the hydrogen abstractions from
the —SH group and from the alkyl groups. Our analysis supports a stepwise mechanism involving the formation
of a short-lived, weakly bonded adduct in the entrance channel, for the abstraction paths. The results proposed
in the present work seem to provide a viable explanation for diverse findings previously reported from
experimental investigations.

Introduction SH) reaction and for (24: 8)% from the OH+ CH3SH (or
OH + CH3SD) reaction. Accordingly, the major product channel
involves interaction with the sulfur end of the molecule. For
the reactions at the sulfur end of the molecule, they also predict
branching fractions of 0.24 for abstraction and 0.76 for
addition—elimination. In summary, the mechanism for the
reaction of OH with aliphatic thiols is still unclear.

The aim of this work is to model every feasible step of the
reactions of OH with RSH (R = CHjs, C:Hs5, and n-CsHy)

Reactions of hydroxyl radicals in the gas phase are central
to atmospheric chemistry since the main sink of many volatile
organic compounds (VOCs) involves reactions with them. Thiols
are no exceptions; the atmospheric daytime oxidation process
of thiols is initiated by reactions with the OH radical. Reduced
organic sulfur compounds are mainly emitted from the sea
surface and by biological activity. A number of these compounds
havgl been detected in the atmospherg, includingSEH In and to provide further insight into their mechanism, which could
addition, a large number of other organic sulfur compounds are

. : . . hopefully lead to a viable explanation for the fact that these
erllgvr\l/_ncizs);szroduced by microorganisms, includingigSH thiols react with OH at very similar rates. In addition, the present

fstudy could also provide useful information about the proportion

Several studies on the mechanism and reaction products o in which the different products are formed.

the aliphatic thiols+ OH radical reactions have been carried
out. Lee and TangWine et al.4 and Barnes et &lfound that
all the thiols react with similar rate coefficients. Accordingly,
they suggest that the reactions occur mainly by H abstraction Full geometry optimizations were performed with the Gauss-
from the SH group. Lee and Tang also reported that higher initial ian 98° program using the BHandHLYP hybrid HF-density
OH concentrations result in larger rate constants. In addition, functional and the 6-3H+G(2d,2p) basis set. The energies
Wine et al. also studied the GBD + OH reaction and found  of all the stationary points were improved by single-point
its rate coefficient identical to that of GBH. On the basis of  calculations at the CCSD(T)/6-3+H#G(d,p) level of theory.
their finding, they concluded that the dominant pathway is the Unrestricted calculations were used for open shell systems.
addition to the sulfur atom. Hynes and Wérdeund the reaction Frequency calculations were carried out for all the stationary
of CD3SH to be 13% slower than that of GBH, which proves points at the DFT level of theory, and local minima and
that abstractions from the alkyl group also contribute to the transition states were identified by the number of imaginary
overall reaction. These authors also found that the rate constantgrequencies (NIMAG= 0 or 1, respectively). Intrinsic reaction

of the reactions of CgSH and CRSH with OH are independent ~ coordinate (IRC) calculations were carried out at the
of O, concentration. Hatakeyama and Akimbtarried out end BHandHLYP/6-311G-+(d,p) level of theory to confirm that
product analysis and suggested an addition pathway leading tothe transition state structures connect the proper reactants and
CH3S(OH)H formation. On the other hand, Tyndall and Rav- products. Zero-point energies (ZPE) and thermal corrections to
ishankard monitored the CHS radical via laser-induced the energy at 298.15 K were included in the determination of
fluorescence and showed that its production in thegSHH+ the activation energies and of the heats of reaction, respectively.
OH reaction has a yield of unity. According to their results, the ~ The conventional transition state theory (TSTfwas used
adduct must be short-lived. More recently, Butkovskaya and to calculate the rate coefficients. The tunneling correction
Setset studied the same reaction and found that the abstractiondefined as the Boltzmann average of the ratio of the quantum

Computational Details

of H atom from the methyl group accounts for (¥14)% of and the classical probabilities was calculated using the Eckart
the total reaction rate from the OB CHzSD (or OD+ CHgs- method!® This method approximates the potential by a one-
dimensional function that is fitted to reproduce the ZPE-

* Corresponding author. E-mail: agalano@imp.mx. corrected barrier, the enthalpy of reaction at 0 K, and the

10.1021/jp0673415 CCC: $37.00 © 2007 American Chemical Society
Published on Web 02/06/2007



1524 J. Phys. Chem. A, Vol. 111, No. 8, 2007 Cruz-Torres and Galano

curvature of the potential curve at the transition state. This TABLE 1. Enthalpies (AH) and Gibbs Free Energies AG)
method tends to overestimate the tunneling contribution, ngRecht:?$l§}2 gﬁﬂioé) gégCSE(T)(&fgql-ﬁJrG(d’p)//
especially at very low temperature, because the fitted Eckart >"3" - (2d,2p) Level of Theory

function is often too narrow. However, sometimes it compen- channel AH AG

sates for the corner-cutting effect not included in the Eckart 1 —48.74 —49.22
approachH#-16 Such compensation can lead to Eckart transmis- 2 —39.46 —40.18
sion coefficients simild® or even lowel® than those obtained 3 —2.93 4.40
by the small-curvature tunneling metHddt temperatures equal g ‘z“z‘-gi gg-‘a‘g
to or higher than 300 K. In addition, in this work, the partition 6 1211 1123
function values have been corrected by replacing some of the 7 —1.43 18.73
large amplitude vibrations by the corresponding hindered 8 —21.29 —12.24
internal rotations, when necessary. 9 0.34 9.87

The methodology used in the present work has been suc- ﬂ :g;-gg __78-32
cessfully used to quantitatively describe the kinetics and 12 6765 5717
mechanism of gas-phase hydrogen abstraction reactions from ' '

i 8-24
diverse VOCs! simultaneous addition of OH and.Qo the sulfur atom is

) ) considered, while reactions 8 and 9 involve abstraction reactions
Results and Discussion from the adduct 3 where the H to be abstracted by the O
molecule is the one directly bonded to the S or to the O atom,

Geometries and EnergiesWe have modeled 12 possible ognectively. Since previous experimental results indicate that
reaction paths for the smallest of the studied thiols to determine o oy eral rate coefficient increases when the reaction is carried

which ones are most likely to occur and, based on that previoususing higher concentrations of OH, paths—1® have been
knowledge, to model only those paths that are relevant to the . qeq in this work to model the eventual interaction of methyl
overall reactions for the larger ones. The modeled paths for g with two radicals. Channel 10 corresponds to the simul-
methyl thiol are: taneous addition of two OH to the sulfur atom, while channels
. . 11 and 12 involve abstraction reactions from the adduct 3 where
CHySH+ OH = CH,S(OH)H— CHS+HO - (1) the H to be abstracted by the second OH is the one directly
CH,SH+ OH — CH,S(OH)H— CH,SH+ H,0 (2) bonded. to thg S. or to the O atom, respectively. .
The first criterion that we have chosen to select viable paths
CH,SH + OH — CH,S(OH)H A3) of reaction is based on the energy change fror_n reactants to
products. The enthalpies and Gibbs free energies of reaction

CH,SH + OH — CH,S(OH)H— CH,S(O)H+ H (4) for all the modeled paths are reported in Table 1. The electronic
s s s energies of all the involved species are provided as Supporting

. . Information (Table S1). Analyzing the stability of the different
CH,SH + OH = CH,S(OH)H— CH,SOH+H — (5) products, in terms of Gibbs free energies, related to the sum of
[G(CHsSH) + G(OH)], we found that only six of the 12
modeled paths seem to be viable, and they have been highlighted
in bold in the table. These paths correspond to processes that
are thermodynamically feasible (i.e., witG < 0). According
o, to our results, when the G3SH + OH reaction takes place in
CH;SH+ OH — CH,S(OH)H— CH,SOH+ HO, (8) absence of @ and with no excess of OH, only the channels
corresponding to H abstractions are likely to occur, leading to
the formation of radicals C}$ and CHSH and water. Only on
the basis of AG, we expected the main channel to be H
abstraction from the SH site.
The possible addition of the OH radical to the sulfur atom
oH (channel 3) leading to the formation of a direct addition product
CH;SH + OH — CH,S(OH)H— CH,SOH+ H,O (11) was found to be an exothermic but non-exoergic process.
Accordingly, the adduct seems to be a weak bond complex and
CH,SH+ OH— CHBS(OH)Hﬂ CH,S(O)H+ H,O (12) not a proper addition product. Since this specific process has
been previously considered as relevant in thiol®H reactions,
Reaction paths 1 and 2 correspond to H abstractions from it was also modeled at the CCSD(T)/6-311G(d,p)//MP2/6-
the SH and Chigroups, respectively, and attractive complexes 311++G(2d,2p) and CCSD(T)/6-3H1+G(d,p)//B3LYP/6-
in the entrance channel of the reaction were found for both 311++G(2d,2p) levels of theory to establish if the nonexistence
channels. Reaction path 3 corresponds to the formation of the©f the hypothetical CEB(OH)H structure was an artifact of the
addition adduct, previously proposed in literature, where the BHandHLY_P functional or an outcome |nherent_ to the chemlst_ry
OH radical is added to the sulfur atom in the thiol. Reactions 4 Of the studied systems. These methods confirm the formation
and 5 represent possible evolutions from the adduct formed in of a weakly bonded Comp|e>ﬂ6§ic.43,geonmp2 = 3.78 and
3, where the breaking of the €H or the S-H bonds, AGS’LCH@geOWBﬂYP = 3.51 kcal/mol), which also agrees with
respectively, has been taken into account. Reaction 6 includesthe chemical notion that sulfur atoms are not likely to form
the eventual breakage of the—S bond in the adduct 3, compounds in which they would have three bonds. For the sake
previously suggested by Lee and T&Reactions 79 include of thoroughness, channel 3 was also modeled for ethyl and
the possible influence of Hwhich is an abundant molecule in  n-propyl thiols, and the results were similar to that of the methyl
troposphere, on the G8H + OH reaction. In reaction 7, the  thiol (i.e., the AG values of the reactions were found to be

CH,SH + OH— CH,S(OH)H— HOSH+ CH,  (6)

CHzSH+ OH + 0, — CH,S(OH,0Q)H @)

O.
CH,SH + OH — CH,S(OH)H— CH,S(O)H+ HO, (9)

CH.SH + 20H— CH,S(OH,0H)H (10)
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Figure 1. Fully optimized BHandHLYP/6-31+G(2d,2p) abstraction reactant complexes.

positive: AG(R)C he = 9.00 andAGFf’lnc n, = 4.85 kcal/mol).
These findings suggest thatfS(OH)H spemes are short-lived,
weakly bonded adducts that do not lead to proper addition

radical. The abstraction channels have been modeled using a
three-step mechanism: (I) formation of the reactant complex
from the isolated reactants, (I) formation of the product complex

products and seem to rule out the addition as the main channelfrom the reactant complex, and (lll) formation of the corre-

for the aliphatic thioH- OH radical reactions. These results agree
with the findings of Tyndall and Ravishankarand according

to them the formation of an addition product at the sulfur end
is not the explanation for the fact that @sH, GHsSH, and
CsH7SH react with OH at very similar rates.

In the presence of £ which would be the case of the
tropospheric reaction, channel 8 also seems to contribute to the
overall reaction, leading to the formation of two additional
products: CH-S—OH and hydrogen peroxide. In contrast to
what has been previously reportetbr the reaction of dimethyl
sulfide with OH, in the presence of,hannel 7 does not seem
to contribute to the overall reaction of methyl thiol. On the other

hand, if the reaction takes place in excess OH, the formation of

CH3-S(20H)}-H, CH;-S—0OH, and CH-S(O)-H could be
expected to some extent, since channels I were found to

be exoergic. Therefore, the increase in OH concentration would
lead to a rise in the overall rate of reactions by increasing the
number of viable reaction channels. These results are in
agreement with the findings of Lee and Tahgccording to

AG values, their relative abundance would besC&-OH >
CH3-S(O)-H > CH3-S(20H)-H. However, since they are not
relevant to the tropospheric reaction, they have not been studie
in more detail in the present work.

Since reaction 8 was found to be exoergic and this is a path

that could be relevant in the troposphere, a search for the

corresponding transition state was performed. According to our
results, this channel occurs in two steps, namely: (a) the
formation of an adduct with the OH bonded to the sulfur atom
and the @ molecule weakly bonded to the H in the SH site,
followed by (b) the H abstraction from the SH site leading to
the formation of HQ. The barrier of the first one was found to
be too high to compete with channels 1 and 2 Wiz &2, =

31.6 kcal/mol, compared taGZ%,, = 7.1 andAG;Z,, =

sponding radical and water from the product complex:

(1

D)
T+ OH U RC

PC== =R+ H,0

where T represents each thiol, and RC, PC, and R represent
the reactant complex, product complex, and radical product
correspondlng to each particular path.

In all, nine reactant complexes (RC) involved in the modeled
H abstraction paths were identified (Figure 1). They were
obtained from IRC calculations starting at the corresponding
transition state structures. The IRC calculations included 100
points in each direction, and the end points of the IRC
corresponding to the reactant side were optimized to minimum
to obtain the correct reactant complexes that correspond to each
reaction path. All the RCs involved in abstractions from the
SH group (RC-M1, RC-E1, and RAP1) were found to occur
through interactions between the O atom in the OH radical and
the S atom in the thiols. The same kind of interaction seems to
be responsible for the formation of the complexes corresponding
to abstractions fronu sites in methyl and ethyl thiols (RC-

nd RC-E), while RCnPa is formed by interaction of the H
atom in the OH radical and the S atomrirpropyl thiol. The
complexes RC-E and RCnPg are formed by interactions that
are similar to those described for RPe.. On the other hand,
the reactant complex involved in the H abstraction fromjthe
site in n-C3H7-SH was found to be formed through the
interaction between the O atom in the OH radical and the H to
be abstracted.

Since the distances between the interacting atoms are quite
large (Figure 1) and the stabilization energies arising from the
complex formations are in most cases about 2 kcal/mol (Table
2), Bader topological analys¥g’ were performed to confirm
that the apparent interactions are not an artifact of the calcula-

3
9.2 keal/mol for channels 1 and 2, respectively. These resultstions. The Bader analyses calculations were performed using

agree with the findings of Hynes and Whnthat the thiol+
reactions are independent of Goncentration.

According to the results previously discussed, the only
channels relevant to the aliphatic thisl OH tropospheric
reactions seem to be H abstractions from the thiols by the OH

the BHandHLYP/6-31++G(2d,2p) wave functions of the
reactant complexes. As is well known, this kind of analysis of
the charge density(r) and its Laplaciany2p(r), identifies
critical points that have been imputed to attractive interactions.
Two different kinds of critical points were found: bond critical
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TABLE 2: CCSD(T)/6-311++G(d,p)//BHandHLYP/ the TSs for the abstractions from the SH sites were found to be
6-311++G(2d,2p) Energies (in kcal/mol) Relative to the earlier than those fax abstractions, which are earlier than those
Isolated Reactants for 5 abstractions, and the latest one was found to be the TS
CHzSH GHsSH n-CsH;S H for they abstraction froom-C3H7-SH. Even though this is just
AE? AGP AE AG AE AG a qualitative criterion, it indicates that the ease of abstraction
RCA 556 2440 —196 500 —206 285 should follow the same order. However, since there are other
RC-0L —254 443 —-245 453 -258  3.59 factors that can influence the feasibility of H atom abstractions,
RCS —2.89 3.78 —3.03 3.57 the energetics and probably the kinetics of the reactions should
RCy —0.73 0.95 be considered before establishing a fair comparison among the
TS« 1.69 919 -0.20 752 =074 711 The product complexes and the radical abstractions products
TSP 259 10.65 0.13 8.36 S .
TS 357 1077 were also fully opt|r_n|zed. Ho_wever, for Fhe sake_ of t_)revqy,
pPC-1 —3261 —26.73 —31.95 —24.84 —32.25 —27.54 the discussion of their geometries was not included in this article.
PCa —23.36 —18.82 —23.79 —18.65 —21.17 —16.46 The electronic energies as well as the ZPE correction values
PCS —18.59 —12.58 —20.95 —14.98 for all the studied species are reported as Supporting Information
PCy —1552 —-10.26 (Tables StS3). The relative energies reported in Table 2 show

R-1+HO —29.73 —30.19 —29.20 —29.76 —29.35 —29.91 : o .
R+ H,0 —2070 —21.24 —21.17 —22.19 —20.72 —21.74 that all the ZPE-corrected energies of the transition states, with

R + H,0 —1253 —13.42 —17.99 —19.24 the exceptions of those corresponding to abstractions from
R-y + H,0 —14.60 —15.90 terminal methyl groups, are lower than those of the isolated
reactants. In addition, those corresponding to abstractions from

a Electronic energies, including ZPE correctioh&ree Gibbs ener- .
g g the SH group (channel 1) are very similar:0.2 kcal/mol for

gies. -
CH3SH and—0.3 kcal/mol for GHsSH andn-CzH;SH. This
TABLE 3: Electronic Charge Density (p) and Its Laplacian, agrees with the experimental finding that the activation energies
Zoprg)'lg%gond Critical Points in Weakly Bonded of the thiols+ OH reactions are negative and with only small
P differences among them. It is also interesting to notice that the
atoms r v2p(r) lowest activation free energy of channel 1 corresponds to methyl
RC-M1 BCP O,S 0.03368 —0.02450 thiol, which indicates that the partial rate coefficient associated
RC-Ma.  BCP  O,S 0.03413 —0.02475 with abstractions from the terminal SH group should be larger
RC-E1 BBg’f g’ ; 0%85328 —8-8(1)3?3 for CH3SH, compared to those for,BsSH andn-CaH7SH (kqw
RCP O, My S. G, Ci Hy 000722 —0.00693 > kg, _kll,:n > kinp). As shown in Table 4, this is due to the
RC-Ex BCP O,S 0.03332 —0.02443 entropic factor.
RC-Ef  BCP  Hu S 0.01665 —0.01099 Rate Coefficients. The rate coefficientskj corresponding
BCP O, h 0.00666 —0.00548 : ; i :
to all the studied reaction channels that significantly contribute
RCP  How, S, G, G, Hz, O 0.00515 —0.00527 . .
RCnP1 BCP O S 0.03022 —0.02249 to the overall reaction have been analyzed in terms of
BCP O,H 0.00832 —0.00705 conventional TST. Consistent with the reaction mechanism
RCP 0O,S, G Cs Hp 0.00738 —0.00718 proposed above for the abstraction channelg, &ndk-, are
RCnPo  BCP  How, S 0.01820 —0.01041 the forward and reverse rate constants for the first stepkand
RCnPS  BCP  How S 0.01808 —0.01027 corresponds to the second step, a steady-state analysis leads to
BCP O, H 0.00418 —0.00367 t fficient f h I ti h | which
RCP  How S, G, Cs Hy O 000409 —0.00374 a rate coe |c.|en or each overall reaction channel which can
RCnPy BCP O,H 0.00494 —0.00411 be written as:
aFor atom numbering, see Figure 1. k,k
[
k= ﬁ (13)
points (BCP) and ring critical points (RCP). The value @) Ltk

andv?p(r) at these points, for each reactant complex described . )

above, are reported in Table 3. The low valueg(of andv?2p- _Even though when the energy barrier kor is about the same

(r) indicate that the interactions are weak. However, these valuesSize as that fok, the entropy change is much larger in the
also confirm that the electronic density actually increases in '€Verse reaction than in the formation of the products. The
the region between the interacting atoms, and since theactivation entropyAS, is small and negative because the
corresponding values of the Laplacians are negative the criticalransition state structure is tighter than the reactant complex,
points represent covalent interactions. In addition, the values While AS-is large and positive because six vibrational degrees
in Table 3 show the expected relationship between interatomic ©f freedom are converted into three translational and three
distances and the strength of the interactions, that is, for eachrotational degrees of freedom. On the basis of this assumption,
kind of interaction, shorter distances correspond to larger first considered by Singleton and Cvetanoifiend successfully

absolute values o(r) and v2p(r). used by Alvarez-Idaboy et &4 we can rewritek as:

The fully optimized transition state (TS) structures for H K
abstraction channels are shown in Figure 2, where the distances K= M = K ok, (14)
of the breaking and forming bonds have been explicitly reported. k_, eq ™l

IRC calculations were used to confirm that all of them actually

connect the desired reactants and products. It was also confirmedvhere Keq is the equilibrium constant between the isolated
that one imaginary frequency is associated with each of the reactants and the reactant complex, &nds the rate constant
reported structures. For the abstractions from the SH groupscorresponding to the second step of the mechanism (i.e.,
and a. sites, the methyl thiol TSs were found to be the latest transformation of the reactant complex into products).

ones along the reaction coordinate. However, the threeHO Applying basic statistical thermodynamic principles, we may
and S--H distances are very similar among them. In general, obtain the equilibrium constanki(k-) of the fast pre-equilib-
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Figure 2. Fully optimized BHandHLYP/6-31++G(2d,2p) abstraction transition states.
TABLE 4. AH™ and TAS™ Terms (in kcal/mol) for TABLE 5: Rate Coefficients (in cm3® molecule™® s71) and
Hydrogen Abstractions from the SH Site, Related to Isolated Branching Ratios (') at 298 K
Reactants R= —CHs —CyHs —NnCsH7
AH TAS Kovert  1.3dx 10 147x 102  3.03x 102
CHsSH —0.88 —7.96 r 0.816 0.228 0.190
CoHsSH —0.88 —8.20 G2 0.184 0.720 0.603
n-CsH/SH —0.86 —8.15 GP 0.052 0.203
G 0.004

rium between the reactants and the reactant complex as:
0 channels, and the existence of the complex means that there
_ <RC _ are extra energy levels from where tunneling may occur so that
Keq Qr exp[(Er ~ Erd/RT] (15) the tunneling factorg, increases. We have assumed that a
thermal equilibrium distribution of energy levels is maintained,
whereQgrc and Qg represent the partition functions correspond- which corresponds to the high-pressure limiting behavior. Thus,
ing to the reactant complex and the isolated reactants, respecenergy levels from the bottom of the well of the complex up to
tively. the barrier might contribute to tunneling.
In a unimolecular process, under high-pressure conditions, It has been assumed that neither mixing nor crossover
an equilibrium distribution of reactants is established, and the pbetween different pathways occurs. Thus, the overall rate

TST formula can be appli@¥ito calculatek: coefficient ) for each thiol has been calculated by summing
up the partial rate coefficients corresponding to each possible
Kk =k E% explErc — E;J/RT] (16) channef® The addition path has not been included since
" h Qge RC T according to the energetic profiles it is very unlikely to
contribute to a significant extent to the overall reaction.
wherex is the tunneling factorks and h are the Boltzmann Since accurate rate constant calculations require the proper

and Planck constants, respectively, §hd is the transition state  computation of the partition function€)y, the hindered rotor
partition function. The energy difference includes the ZPE approximation has been used to correct @es/alues corre-
corrections. The effective rate coefficient of each channel is sponding to internal rotations with torsional barriers comparable
then obtained as: to RT. Direct inspection of the low-frequency modes of the
studied stationary points indicates that there are several modes
k= OKekuI 17) that correspond to hindered rotations. These modes should be
] ] treated as hindered rotors instead as vibratfdi® make this
whereo is the symmetry factor, which accounts for the number ¢qrrection, these modes were removed from the vibrational
of equivalent reaction paths. partition function of the corresponding species and replaced with
We have assumed that the reactant complex undergoese hindered rotor partition functio@). In our calculations,
collisional stabilization (i.e., the reaction occurs at the high- \ye nave adopted the analytical approximatioQt® for a one-
pressure limit). We have used this limit as our working gimensional hindered internal rotation proposed by Ayala and
hypothesis, since there is no experimental evidence that indicatesscegep?
otherwise. This approach has been previously used to describe 1o \aiues of the overall rate coefficients at the studied

OH radical reactions with several .VOCS.' It IS also adequate to temperatures are reported in Table 5, together with the branching
account for the experimental negative activation energy observed, iioq ) corresponding to the different abstraction channels.
for the thiols + OH reaction. In a classical treatment, the They have been calculated as:

influence of the complex exactly cancels in eq 17 and the overall

rate p_oefficient depends only on properties of reactants _and Lefory
transition states. However, in the present case, there is a rrofory —
possibility of quantum mechanical tunneling for the abstraction overal

(18)
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TABLE 6: Kinetic Isotopic Effects for the Overall Reactions SH are expected to be found when isotopic substitutions take
and Tunneling Factors (c) for Each Reaction Channel place in then sites. The values are practically negligible when
(Compared to Those of Nondeuterated Species) at 298 K the methyl ends are deuterated. This is mainly due to the very
KIE k small contribution that abstractions from terminal methyls make
CH-SD 271 1.80 (2.44) to the overall reactions. On the other hand, the expected
CDsSH 1.21 3.07 (7.26) decreasing in tunneling effect was found for all the deuterated
CHsCH,SD 1.20 1.77 (2.02) species.
CHsCD,SH 2.78 2.32 (2.96)
CD3CH,SH 1.05 7.76 (22.38 :
CH.CH.CH,SD 1.17 1.68 gz.os) ) Conclusions
CH;CH,CD,SH 212 2.22(2.59) Twelve possible channels have been modeled for thetOH
EBEESEEEZE’E igg j:ég gﬁb@l) aliphatic thiols reactions, three of them including the possible

influence of molecular oxygen, and three of them involving

The calculated rate coefficients agree very well with the excess OH. The presence of, @oes not seem to have a
previously reported experimental values, differing less than 1 significant effect on the reaction, while the excess of OH seems
order of magnitude and following the same tendency. As can to increase the overall reaction rate by increasing the number
be seen from the values in Table 5, the abstraction from the Of viable paths. According to our results, the only channels that
—SH site is the main channel of reaction for the $SH + OH significantly contribute to the overall reaction (for systems with
system. However, as the size of the thiol increases, its N0 O; and no OH excess) are the hydrogen abstractions from
contribution to the overall reaction decreases. The good agree-the —SH group and from the alkyl groups. Our results also show
ment between the calculated branching rac,t and those that abstractions from the functional group contribute to the
reported by Butkovskaya and Sefsand Hynes and Witfe overall reaction of thiols to a larger extent than they do in
seems to support the other branching ratios reported here. Thedlcohols. In addition, our results indicate that the partial rate
significant contribution of the abstraction from the functional coefficient corresponding to abstraction from th&H group
group to the overall reaction is quite larger in thiols than it is N CHzSH is larger than those of85SH andnCsH7SH, which
in alcohols: 84, 26, and 21% compared to 36, 15, andf%%. were found to be caused by entropic factors. This peculiarity
These larger contributions seem to explain the fact that the rateof the reaction between OH and aliphatic thiols makes the rate
coefficients of aliphatic thiols+ OH are higher than those of ~ corresponding to the smallest member of the family relatively
aliphatic alcohols. They also seem to explain the fact that the large and consequently closer to those of the larger thiols. The

ratios kr—c,ny/Kr=ct, and kr=c,,/Kr=cHs, for thiols are signifi- results proposed in the present work seem to provide a viable

cantly smaller than the equivalent ratios for alcohols. In addition, €xplanation for the diverse findings previously reported from

the rate coefficients for the abstractions from th&H sites, experimental investigations.

which can be easily obtained by multiplying the overall rate ] )

coefficient byI'., show the tendency expected from th&* Ackno;mledgg]er:t. We gfizefu_”y aCkgol\Ng)%dge (t:ﬂl\igl)nanglﬂ
el (1 € @ support from the Instituto Mexicano del Pd&o an

values, that iske_cy, > kr=c,, aNdkr=cy, > kaoncy, thapr?k the IMP Computing Center for supercomputer time on

Kinetic Isotopic Effects (KIE). The kinetic isotopic effects
were also calculated for all the studied abstraction channels,
since they are known to be relevant in proton-transfer reactions,
where the occurrence of significant tunneling is highly probable. 7
The KIEs were calculated as

SGlI Origin 3000.

Supporting Information Available: Electronic energies and
PE correction values corresponding to all modeled nondeu-
terated species. This material is available free of charge via the
Ky Internet at http://pubs.acs.org.
KIE =— (19)
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