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Theoretical studies of the unimolecular and water-assisted decomposition reactions afhylaeoxy

hydroperoxides compounds produced during the isoprene ozonolysis have been investigated in this paper.
Geometrical parameters of all the stationary points as well as energies and rate constants have been computed
by means of several ab initio and DFT methods (B3LYP, CCSD(T), and G2M-RCCS5 levels). Our calculations
indicate that only the water-assisted decomposition ofttg/droxy hydroperoxides could be active in the
atmosphere. The main reaction products are predicted to e plus methyl vinyl ketone NIVK') or
methacroleineNIAC), depending on the particular-hydroxy hydroperoxide considered. In both cases the

reaction is endothermic by about 19 kcal mol

Introduction

The gas-phase reaction of ozone with biogenic and anthro-
pogenic olefins has received considerable attention because o
the reported formation of OH radicals 8, organic acids, and
aldehydes into the atmosphéré.OH and HO, are among the
most important oxidants in the atmosphere. Hydroxyl radical
oxidizes many gaseous trace compounds, principally CQ, CH
and nonmethane hydrocarbons@ is mainly responsible for
the conversions of SOnto sulfuric acid (HSQ;,).° Due to its
high solubility it can deposit efficiently, both wet and dry, but
also photolyze or react with OH. In the gas phase, it acts as a
reservoir of atmospheric OH radicafsRecent ice core records
in Greenland show an increase of hydrogen peroxide, mainly
over the past 20 yeatd, which enhances the atmospheric
importance of this molecule. Consequences of increaspa H
are oxidative stress to vegetatidrand possibly to people and
animals. The mechanistic knowledge about its formation is
therefore of great interest to explain atmospheric variations of
this oxidant as well as to verify if the alkene ozonolysis

excess of energy and can decompose unimolecularly. The
decomposition mechanisms have been extensively investi-
ated'>®Moreover, Zhang et dF have shown that an important
raction of Cl-a andClI-b and almost all the CLOO compound
are vibrationally stabilized and may react with other atmospheric
species such as water. The reaction g€BO with water as
well as the formation and decomposition of HMHP have been
reported in the literaturé” and will not be commented here.
The reaction ofCl-a and Cl-b with water is reported in our
previous papet® Our calculations indicate that thehydroxy
hydroperoxidesHP—I and HP—Il are almost exclusively
formed as reaction products, although a small amouftie,
which possesses a syn-methyl hydrogen indkgosition with
respect to the COO moiety, could produce OH radicals (see
Scheme 1).

Very recently, Sauer et &l.pointed out thato-hydroxy
hydroperoxides REC(OH)OOH formed during the reaction
between carbonyl oxides and water may have different fates
according to the nature of the R antddrbstitutes. The different

. . o possibilities have been summarized in eq 1.
represents an important source ¢fd beside the recombination

reaction of two HQ radicals!3

: . . H,C(OH)OOH— HCOOH + H,0 (1a)
Isoprene (2-methylbuta-1,3-diene) is one of the most impor-
tant nonmethane hydrocarbons in the atmospHeaad its gas RHC(OH)OOH— RHCO+ H,0, (1b)
phase reaction with ozone represents an important atmospheric
sink for this alkene. The general features of its mechanism are RHC(OH)OOH— RC(O)OH+ H,0 (1c)
reasonably well established and are summarized in Scheme 1. RR'C(OH)OOH— RRCO + H,0, (1d)

The reaction proceeds via the formation of the 1,2 and 3,4
primary ozonides, respectively. They decompose to produce
carbonyl compounds and carbonyl oxides, which are also called
Criegee intermediatesC(). These are methyl vinyl carbonyl
oxide (Cl-a, derived from 1,2-ozonide), isopropyl carbonyl
oxide (Cl-b, derived from 3,4-0zonide), and the parenCO
carbonyl oxide, derived from both 1,2- and 3,4-ozonides (see
Scheme 1). These Criegee intermediates are formed with an

Recent theoretical studies of these processes on model sys-
tem$17 have also pointed out that the unimolecular decomposi-
tions described in eq 1 require very high activation enthalpies.
However, the reaction between water amdhydroxy hydro-
peroxides leads to the same products encountered during the
unimolecular decomposition but requires smaller activation
enthalpy. In this case, the water acts as a catalyst, which is
regenerated at the end of the reaction. Following those theoreti-
cal studies, we have considered in this paper the unimolecular
and water-assisted decomposition of thdaydroxy hydroper-
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Figure 1. Schematic enthalpy diagram for the unimolecular (in dashed lines) and water-assisted (in solidfrésjecomposition pathways.

Enthalpies are computed at the G2M-RCCS5 level of theory.

oxidesHP—I and HP—II formed from the reaction of water
with the different isoprene carbonyl oxides.

Computational Details

as well as to provide the zero point vibrational energy (ZPE)
and the thermodynamic contributions to the enthalpy and the
free energy. Moreover, to ensure that the transition states connect
the desired reactants and products, intrinsic reaction coordinate

Geometry optimization of all the species considered in this calculations (IRC) have been performed for each transition state
study have been first carried out using DFT at the B3LYP/ Of every elementary reaction.

6-31G(d,p) level of theory?20 At this level, harmonic vibra-

In a second step, all stationary points have been reoptimized

tional frequencies have been calculated to verify the nature of using DFT with the more flexible 6-311G(2d,2p) basis set}
the corresponding stationary point (minima or transition state) which allows a better description of hydrogen-bond complexes
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TABLE 1: Zero Point Energies (ZPE irl kcal mol~), Entropies (S in eu) and Reaction and Activation Energbies, Enthalpies, and
Free Energies E, H, and G in kcal mol~1) for the Unimolecular and Water-Assisted Decomposition of HP4
compound ZPE S relative to E + ZPE Hzos Gaos
Unimolecular Decomposition
(a) Formation oMVK + H,0,

XMila 75.8 85.6 0.0 0.0 0.0
XM1b 75.8 87.3 XM1a 15 1.6 1.1
TS-XM1bXM2 715 90.7 XM1b 41.7 420 41.0
XM2 745 99.5 TS-XM1bXM2 —40.2 395 421
MVK + H,0, 72.8 129.4 XM2 15.1 15.1 6.1
(14.6) (14.6) (5.6)

(b) Cleavage of the ©0OH Bond
XR1la+ Oh¢ 70.1 12.1 XMla 41.9 435 314

Water-Assisted Decomposition
(a) Formation oMVK + H,0O, + H,0

XMla + H,O 90.0 132.0 0.0 0.0 0.0
XM1lc + HO 89.1 132.2 XMla + H,O 2.3 25 2.0
XM3a 91.8 100.9 XM1c + H,O —6.4 7.1 25
(—5.8) (—6.5) (3.1)
TS-XM3aXM4a 87.5 96.3 XM3a 28.0 275 28.5
XM4a 90.1 117.1 TS-XM3aXM4a —26.4 —24.6 -31.0
XM1d + H,O 88.9 133.3 XM1la + H,O 3.2 3.5 2.7
XM3b 91.7 100.5 XM1d + H,O —6.1 —6.9 2.9
(—5.5) (—6.3) (3.5)
TS-XM3bXM4b 87.2 98.0 XM3b 27.8 27.3 28.1
XM4b 90.4 115.9 TS-XM3bXM4b —27.5 —26.0 —31.3
MVK' + H,0; + H,0 86.2 174.6 XM4a 20.5 20.9 4.0
(19.5) (19.9) (3.0
(b) Formation of Enol) + H,O, + H,O
XM1d + H,O 88.9 133.3 XM1la + H,O 3.2 3.5 2.7
XM5 91.7 102.3 XM1d + H,0O -55 —6.2 -3.1
(—5.0) (=5.7) (~2.6)
TS-XM5XM6 87.4 98.7 XM5 53.7 53.1 54.2
XM6 92.1 107.2 TS-XM5XM6 —39.5 —38.5 —41.1
E + H,O, + H,0O 86.7 172.4 XM6 18.4 19.3 0.1
(17.2) (18.1) ¢1.1)

aThe energies have been computed at the G2M-RCC5 level of theXM1 are isomers oHP—I. The energy values in parentheses are BSSE
corrected® These values are computed taking into account the CCSD(T)/6-G{Adf,2p) energies as explained in ref 18.

and transition structures involving hydrogen transfer considered Results and Discussion
in this work. At this level of theory, basis set superposition errors
(BSSE) have been corrected for all the hydrogen-bond com-
plexes by the counterpoise method of Boys and Berrfardi.

Along the text, the structures of closed shell minima and
radicals are designated by the lettdisand R, respectively,
and are followed by a numbet,(2, and so on). To distinguish

In a third3 step, high-level single-point energy G2 itferent isomers of a minimum, we have appended the small
(G2M-RCC5§* calculations have been performed on the |ettersa, b, .... In addition, we have added the prefixfor the

B3LYP/6-311G(2d,2p) geometries of all the stationary compounds derived fronP—1 and the prefixY for those
points in order to obtain more reliable energy values. The G2 yerjyed fromHP—II . Thus, for instanceXM3a andXM3b are
(G2M-RCC5) model suggested by Mebel et al. requires gifterent isomers of the same compound in Hig—I + H,0
RCCSD(T)/6-311G(d,pj RMP2/6-311G(d,p}? and RMP2/"  reaction. The transition states are namedTiSyfollowed by
6-311+G(3df,2p) single point calculations and includes *high  the names of the two minima connected by them. In this paper
level corrections” (HLC) based on the number of paired and \ye report only relative energies and some selected geometrical
unpaired electrons and zero point energy (ZPE) Corrections.  parameters. The Cartesian coordinates of all the structures as
Finally, rate constants for several elementary reactions of well as the absolute energies are available as Supporting
interest have been computed using classical transition-state|nformation.
theory. G2M-RCC5 and B3LYP/6-31G(d,p) partition functions (a) Decomposition of Methylvinyl a-Hydroxy Hydroper-
and zero point corrections have been used. The tunnelingoxide (HP—I). In Figure 1 is presented a schematic G2M-RCC5
corrections to the rate constants have been considered andeaction enthalpy profile for the unimolecular and water-assisted
computed by the zero-order approximation to the vibrationally decomposition ofHP—I. The corresponding reaction and
adiabatic PES with zero curvature. The unsymmetrical Eckart activation energies, enthalpies, and free energies are included
potential energy barrier approximates the potential energy in Table 1, while selected geometrical parameters of some

curve? representative stationary structures are displayed in Figure 2.
All the geometry optimizations and the CCSD(T) calculations ~ Methylvinyl a-hydroxy hydroperoxideHP—I) has R and R
have been performed using the Gaussiai 84d Gaussian 98 Z H. According to eq 1d, we only expect the formation of

suit of programs. The RCCSD(T) calculations over an ROHF methyl vinyl ketone MMVK') plus HO, from this compound.
wave function for the radicals have been done with the Molcas The different reaction paths involved in the unimolecular and
4.12% program package and the kinetic results have been obtainedwater-assisted decomposition bfP—I begin with different
with the TheRate prograf?. conformers XM1la, XM1b, XM1c, andXM1d, respectively),
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TABLE 2: Zero Point Energies (ZPE in kcal mol~1), Entropies (S in eu), and Reaction and Activation Energies, Enthalpies,
and Free Energies E, H, and G in kcal mol~1) for the Unimolecular and Water-Assisted Decomposition of HP-ib

compound ZPE S relative to E + ZPE Hags Gaos

Unimolecular Decomposition
(a) Formation oMAC + H,0,

YMla 76.5 86.9 0.0 0.0 0.0
YM1b 76.1 88.5 YMla 1.3 1.4 1.0
TS-YM1bYM2 71.8 89.5 YM1b 42.8 42.9 42.6
YM2 74.3 100.5 TS-YM1bYM2 —37.6 —36.6 —39.9
MAC + H,0, 72.8 125.7 YM2 12.3 11.7 4.2
(11.8) (11.2) 3.7)
(b) Formation ofsyn-MTA + H,O
YMlc 76.1 89.3 YM1la 0.3 0.6 -0.2
TS-YM1cYM3 71.4 89.5 YMlc 42.5 42.6 42.5
YM3 75.3 97.5 TS-YM1cYM3 —121.6 —120.9 —123.2
syn-MTA + H,O 73.5 123.8 YM3 2.5 2.6 —5.2
(2.2) (2.3) 5.5)
YM1d 76.2 87.8 YMla 0.3 0.4 0.2
TS-YM1dYM4 71.0 86.2 YM1d 46.5 46.2 46.7
YM4 76.2 91.1 TS-YM1dYM4 —131.0 —130.3 —131.8
syn-MTA + H,O 73.5 123.8 YM4 7.9 8.7 1.0
(7.4) (8.2) (0.5)

(c) Cleavage of the O-OH Bond
YR1la+ OH® 70.2 107.1 YMla 39.5 41.2 29.2

Water-Assisted Decomposition
(a) Formation oMAC + H,0, + H,O

YM1la + H,O 90.0 132.0 0.0 0.0 0.0
YM5a 92.0 102.9 YM1la + H,O —6.1 —6.5 2.2
(—5.5) -5.9) (2.8)
TS-YM5aYM6a 87.7 96.8 YM5a 33.8 331 34.9
YM6a 90.2 112.2 TS-YMb5aYM6a —26.9 —25.2 —29.8
YM1le + H,O 89.9 135.8 YM1la + H,O 3.1 35 2.3
YM5b 91.9 102.4 YM1e + H,O —5.5 —6.3 3.7
(—4.9) -5.7) (4.3)
TS-YM5bYM6b 87.6 97.9 YM5b 27.5 26.9 28.3
YM6b 90.3 114.4 TS-YM5bYM6b —26.8 —25.3 —30.2
MAC + H,O+ H20, 86.2 170.8 YM6a 18.0 18.1 0.6
(16.9) (17.0) €0.5)
(b) Formation ofsynMTA¢ + 2H,0
YM7a 92.0 103.9 YM1la + H,O —-3.7 —4.0 4.4
(—3.2) 3.5) (4.9)
TS-YM7aYM8a 87.4 96.8 YM7a 37.5 36.7 38.8
YM8a 91.2 111.0 TS-YM7aYM8a —-117.4 —115.8 —120.0
YM1f + H,0O 89.9 133.2 YM1la + H,O 0.7 0.8 0.4
YM7b 91.3 108.3 YM1f + H0O —4.2 —-4.3 3.1
(-3.7) -3.8) (3.6)
TS-YM7bYM8b 87.3 97.3 YM7b 39.2 38.0 41.0
YM8b 89.8 120.4 TS-YM7bYM8b —119.2 —116.8 —123.5
syn-MTA + 2H,0 86.9 168.9 YM8a 7.2 8.0 —-9.2
(6.2) (7.0) €10.2)
(c) Formation ofanti-MTA¢ + 2H,0
YM1g + H,O 89.3 133.7 YM1la + H,O 2.0 2.2 1.7
YM9a 92.2 99.9 YM1g + H.O —5.7 —6.6 3.4
(—5.1) -6.0) 4.1)
TS-YM9aYM10a 86.6 95.9 YM9a 324 31.9 33.1
YM10a 91.6 108.1 TS-YM9aYM10a —-112.3 —111.0 —114.6
YM1h + H,O 89.5 133.4 YM1la + H,O 2.0 2.1 1.7
YM9b 91.2 103.4 YM1h + HO —6.0 —6.4 2.5
(—5.4) -5.8) (3.1)
TS-YM9bYM10b YM9b 33.5 32.8 34.4
YM10b 90.4 113.1 TS-YM9bYM10b —-112.8 —-111.2 —115.7
anti-MTA + 2H,0 86.6 169.3 YM10a 12.6 13.9 —-4.4
(11.3) (12.6) €5.7)

2The energies have been computed at the G2M-RCCS5 level of the®¥M1 are isomers oHP—II. The values in parenthesis are BSSE
corrected® These values are computed taking into account the CCSD(T)/6-G(adf,2p) energies as explained in ref ¥8ATA stands for
methacrylic acid.

as indicated in Table 1, although they are not shown in Figure hydrogen of the hydroxyl forming 0. (R(OH) = 1.110 A

1. The unimolecular process involves the iso@ilb, the and R(HO)= 1.365 A), and the formation of the double bond
transition statdS-XM1bXM2, and the hydrogen-bond complex  of the carbonyl group (compare the R(C©)1.308 A inTS-
XM2 before the formation VK plus HO,. Figure 2 shows XM1bXM2 with the corresponding value of 1.407 AXM1b).

that the transition state is a four-membered ring in which The computed activation enthalpy is 42 kcal mollt is about
simultaneously occur the cleavage of the CO bond of the the same energy required for the cleavage of the OO bond in
hydroperoxide group (R(CG¥F 2.093 A), the migration of the ~ XM1a to produceXRla + OH (see Figure 1). However, in
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YM2

TS-YM1bYM2
Figure 4. Selected B3LYP/6-311G(2d,2p) geometrical parameters of the stationary points for the unimolét¢Rlal decomposition pathways.

our previous papet we have already pointed out that meth- large stability computed for the hydrogen-bond complexes
ylvinyl a-hydroxy hydroperoxide HP—I) is formed with a XM4a andXM4b, which are about 20 kcal mol more stable
lesser excess of energy (about 38 kcalgland consequently,  than theMVK , H,O, and HO, products.
we expect that these unimolecular processes would not occur.  For a shake of completeness we have also considered another
For the bimolecular reaction &fP—I with water, producing possible reaction involving the water-assisted abstraction of one
MVK + H,0, + H,O, we have considered two different hydrogen from the methyl group in the methylvirgdhydroxy
reaction paths involving the cis and trans isomers with respect hydroperoxide compound. The fate of this process is 2-hydroxy-
to the methyl and vinyl groups. For each path, the reaction 1,3-butadieneE) plus HO,. This reaction requires a very large
begins with the formation of a hydrogen-bond compl¥M@a activation enthalpy (53.1 kcal mdi for TS-XM5XM6; see
or XM3b) between an isomer diP—I and HO. In the first Table 1 and Figure 1), which makes this process unlikely.
path considered, this complex evolves to another hydrogen-bond (b) Decomposition of 2-Propenyla-Hydroxy Hydroper-
complex KM4a or XM4b) via a six-membered ring transition  oxide (HP—II). In Figure 3 is presented a schematic G2M-
state S-XM3aXM4a or TS-XM3bXM4b). The XM4 com- RCCS reaction enthalpy profile for the unimolecular and water-
plexes are formed with the three fragmeM¥K , H,O, and assisted decomposition BfP—II . The corresponding reaction
H,O, corresponding to the products of the reaction. Comparison and activation energies, enthalpies, and free energies are
of TS-XM3aXM4a and TS-XM1bXM2 structures displayed included in Table 2, while the most relevant geometrical
in Figure 2 clearly shows that the unimolecular and water- parameters of some selected stationary points are displayed in
assisted processes are essentially the same. However, the watétigures 4 and 5. In the 2-propenythydroxy hydroperoxide, a
molecule facilitates the transfer of the hydrogen atoms in the substitute is a hydrogen atom and, according to egs 3b and 3c,
bimolecular one. Let us compare the four-membered ring of the fate of its decomposition could be methacrol®IAC ) plus
the unimolecular reaction with the six-membered ring in the H20; and methacrylic acid(TA ) plus HO. An important point
water-assisted process in Figure 2. The bimolecular formation here is to predict which product is formed and to what extent.
of MVK from HP—I is endoergic by 19.2 kcal mol with For the unimolecular decomposition &fP—Il, we have
respect to the most stable isomEMla and requires an  found two reaction paths yieldinfITA + H,O (via TS-
activation enthalpy of about 27.5 kcal md(TS-XM3aXM4a YM1dYM4 andTS-YM1cYM3, respectively) and one reaction
relative toXM3a, or TS-XM3bXM4b relative toXM3b; see path producindAC + H,0O; (viaTS-YM1bYM2). In addition,
Table 1). The activation enthalpy is about 15 kcal miaimaller the cleavage of the ©OH bond producingrR1a + OH is
than the one encountered for the unimolecular proc&€Ss ( also envisageable (see Figure 3 and our previous FapAH
XM1bXM2 in Table 1), which can be associated with the the transition structures relative to these processes have been
catalytic effect of water. It is also interesting to point out the displayed in Figure 4. They essentially show the same features
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discussed in the literatufé’ Table 2 indicates that the activation released in the formation ¢iP—Il (see the preceding paper).
enthalpies for all the unimolecular processes lie between 42 andlt is therefore expected that these unimolecular decomposition
46 kcal moft. These values are larger than the excess of energy pathways would not be active under atmospheric conditions.
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TABLE 3: Calculated Tunneling Parameters, k, and Rate Constantsk (s71), for the Water-Assisted Decomposition of HP-II at
298.15 Kk

TS-YM5aYM6a TS-YM5bYM6b TS-YM7aYM8a TS-YM7bYM8b TS-YM9aYM10a TS-YM9bYM10b

K 8.446 8.754 2.861 1.769 4.080 4.324
ki 1.3585x 1012 1.0417x 1077 6.3540x 10716 8.6864x 10718 1.700x 101 1.5401x 1012
I = ki/«k® 99.98 0.02

2The partition functions have been calculated at the B3LYP/6-31G(d,p) level of theory and the energies at the G2M-RCC5 level bktheory.
= Y ki is the total rate constant aftl= ki/x corresponds to the branching ratio (in percent) for each process.

For the bimolecular reaction betwekt?—II and water, the TS-YM9aYM10a, and DxO; in the reaction path leading to the
cis and trans isomers with respect to the 2-propenyl group haveformation of MAC (via TS-YM5bYM6b)
been considered. Six different reaction paths have been found, Finally, to estimate the competition between the reactions
four producingMTA plus H,O and two yieldingMAC plus between water andP—II producingMAC + H,O, andMTA
H,O,. In all cases, the catalytic water molecule is regenerated + H20, respectively, the unimolecular rate constants have been

at the end of the reaction. The structures of only one isomer of computed using the classical transition state theory. The
MTA andMAC have been displayed in Figure 5. corresponding branching ratios for these processes are showed

in Table 3. Our values show that practically only thé&-
YM5bYM6b channel, producingdAC + H;O, + H»0, is
active, and therefore, these results lead to the conclusion that
the reaction oHP—II with water is given by eq 2.

All the bimolecular reactions begin with the formation of a
hydrogen-bond complex betweerdP—II and HO. They
involve a second H bond complex just before the formation of
the products MTA + 2H,O and MAC + H,0O, + H,0,
respectively. As foHP—I, the structures of the water-assisted K k,
transition states (see Figures 3 and 5) clearly show the same HP-Il + HZOf; HP-Il:--H,0 — MAC + H,0, + H,O
features as the corresponding transition state of the unimolecular @)
decomposition pathways (compaf&-YM1dYM4 with TS-

YM9aYM10a, TS-YM1cYM3 with TS-YM7aYM8a, andTS- Here, according to the elementary processes described above,
YM1bYM2 with TS-YMSaYM6a in Figures 4 and 5). How-  yp_ji corresponds tYM1e, the HP-I1-+-H,0 is the hydrogen-
ever, the water molecule acts as a catalyst and facilitates thepong complexyM5sb, and the transition state connecting this
transfer of the hydrogen atoms in bimolecular reactions. The complex with the products correspondsis-YM5bYM6b . At
energetic values gathered in Table 2 and reported in Figure 3this point it is interesting to provide an estimate of the rate
indicate that the initial hydrogen-bond complexes are about 6 coefficient of this reaction. Our calculated entropy values and
kcal mol'* more stable than the corresponding reactants, free energy differences displayed in Table 2 show that the
whereas the outgoing hydrogen-bond complexes are betweercomplex YM5b is highly shifted to the reactants, and upon
10 and 12 kcal mof! more stable than the products. In addition, applying steady state theory, the whole rate constant is given
it can be seen that the formation #IAC + H,0, is by eq 3.

endothermic by about 19 kcal mdl On the other hand, the

formation of MTA + H,O is exothermic by about 75 kcal mdl 1

(relative to the most stable isoméM1a of HP—II ). Regarding k= Ekz = Kedto ©)

the activation enthalpies, Table 2 shows that the most favorable
process is the formation oMAC + H,O, + H,O via
TS-YM5bYM6b, with a computed activation enthalpy of 26.9
kcal molL. The reaction that involves the other isomer (via
TS-YM5aYM6a) has a larger activation enthalpy (33.1 kcal
mol™Y). In addition, the corresponding barriers for the formation

According to transition state theory, the equilibrium constant
Keqand the rate constaks of the second step are given by eqs
4 and 5 respectively

of MTA plus HO (via TS-YM9aYM10a; TS-YM9bYM10b; Keq= QQLS’e‘(EC‘ER)’RT (4)
TS-YM7aYM8a and TS-YM7bYM8b) range from 32 to 38 YMle~=H,0

kcal molL. Thus, these results suggest tMAC + H,O, + kT Q

H.0 will be the product formed principally, despite the reaction k, = p _TS o (Ers—EQJ/RT (5)
being endothermic. Furthermore, it is also worth pointing out Qvwmsb

that the catalytic effect of water in théP—Il decomposition

processes lies between 10 and 15 kcal th¢dee Table 2). where the variousQ denote the partition functions of the

reactantsYMle and HO, the hydrogen-bond complésvishb,

and the transition stat€S-YM5bYMG6b ; Er, Ec, andErs are

the total energies of the reactants, hydrogen-bond complex, and
transition state, respectively, and h are the Boltzmann and
Planck constants, respectively; ant the tunneling parameter
contained in Table 3. Then, the computed rate constant for the
overall reaction 2 is given by eq 6.

The results of the mechanistic study carried out in the present
work show that the different reaction paths of the water-assisted
HP—II decomposition are clearly distinguishable by performing
experiments with BO instead HO, and accordingly, we have
schematized in Figure 6 the fates of the different reaction paths
in such hypothetical experiments with deuterated water. In the
previous papéf we have pointed out that isoprene ozonolysis

with D,O will produceHP—II with deuterated hydroxyl and kT Q
hydroperoxyl groups, as shown in Figure 6. Then, the further k=k— <15 o (EsERT (6)
reaction of this deuteratédP—Il with DO will yield deuterated h QYMleQHzo

MTA plus DHO, if reaction takes place througiB-YM7aYM8a,
nondeuteratedMTA if the reaction takes place through Here, Ers — Er) = 22.6 kcal mot?, which includes the ZPE
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