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Several reaction pathways on the potential energy surface (PES) for the reaction@f i@icals with Br

atoms are examined using both ab initio and density functional methods. Analysis of the PES suggests the
presence of the stable intermediates;OBBr and CHOBrO. CHOOBF is calculated to be more stable than
CH3OBrO by 9.7 kcal mot* with a significant barrier preventing formation of @BBrO via isomerization

of CH3;OOBr. The relative importance of bi- and termolecular product channels resulting from the initially
formed CHOOBr adduct are assessed based on calculated barriers to the formatiosOd @HHBr, CH;O

+ BrO, CHBr + Oy, and CHO + HOBr.

1. Introduction + CHyO,. The formation of CHBr (R1a), as suggested by
Wingentet® is also thermodynamically possible as is the

Bromine species are known to contribute to significant ozone formation of CHO + HOBr.

losses both in the polaand midlatitude stratosphefend also
in the boundary layet.In a series of measurement campaigns

dating back to the late 1980s, tropospheric ozone loss events CH,0, + Br — CH,Br + O, (1a)
have been observed in the springtime over the ArcticThe — CH,00+ HBr (1b)
cause of these ozone depletion episodes, which typically remove

30-50 ppbv of ozone to levels less than 1 ppbv within a few — CH;0 + BrO (1c)
hours! is thought to be the presence of the reactive bromine .

compounds, Br and BrO. Recent field measurements by CH,0 + HOBr (1d)

Wingenter et al? revealed elevated levels of methyl bromide ) ) . .
(CH3Br) that coincided with ozone depletion events and which ©On the baS'S_Of the observation and quantification of an ion
could not be explained by considering its known sources. Signal atm/zl— 95, coincident with the parent ion of BrO,
Wingenter et a0 suggested that a minor channel (R1a) in the Aranda et al! concluded that channel R1lc was the dominant,

reaction of methyl peroxy radicals with bromine atoms (R1) if not the sole, reaction pathway, with a branching ratio 0of-0.8
1.0 at 298 K. They were unable to observe the;Cldoproduct

CH,0, + Br — products (R1) using LIF and invoked its removal by reaction with the excess
372 reactant Br to explain this. This reaction has a room-temperature
CH,0, + Br — CH,Br + 0, (R1la) rate constadt of 7 x 10~ cnm? molecule! s~ and is expected

to result in the formation of HBr (the only exothermic

could be a possible gas-phase source of the enhanced me'[hyl?'mOIeculélr reaction possible).

bromide levels, since high levels of Br atoms have been reported .

at the surface during the Arctic sunrise. According to the CHO + Br—HBr + CH,0 )
calculations of Wingenter et al., in order to generate sufficient
CH3Br to explain the elevated GBr observations, a rate
coefficientkiy, = 2.2 x 107 cm?® molecule? s would be
needed. Only one laboratory study of the {Chiradical reaction
with bromine atoms has been reported to datkranda et af!
studied the reaction of G, + Br in a discharge flow mass
spectrometer/laser-induced fluorescence (LIF) setup. By directly
monitoring the pseudo-first-order loss rate of 4{CH radicals

in an excess of Br atoms, they determirgd= 4.4 x 10713

Aranda et al! report however that HBr was not observed as a
product in their experiments. This observation not only rules
out a significant contribution of R1b but appears to be
inconsistent with the explanation for nondetection of;Otand

thus casts doubt on the suggestion that channel 1c is dominant.
They do not report the measurement of BHor any signals

at other masses. In addition to the bimolecular reaction pathways
listed above, it is also conceivable that a termolecular channel
cm?® molecule? s! at 298 K. The possible exothermic and f_orm_ing stabilized CbO_OBr may exist. Indeed, s_everal inves-
thermoneutral bimolecular product channels discussed by fig2ations of the reactions of the peroxy radicalsHeO;,

Aranda et al! involved the formation of CkD + BrO or HBr BrC2H40,, and HOGHO, with Br atoms® and also peroxy
radicals with | atom® strongly suggest that ROOX (where X

*To whom correspondence should be addressed. E-mail: = Br or 1) is formed at significant yield and with a large rate
francisc@purdue.edu. constant at the pressures involved in those experiments{(200
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CH;00 + Br— CH;Br + 0,(’%) TABLE 1. Heats of Formation for Key Species Involved in
the CH30O, + Br Reaction

AHg’ (kcal moi?)

Br 28.2+ 0.

CH;00Br ———————» CH;0BrO——CH,0 + HOBr (B::_?O gg fi iagg
7 - . .

HOBr —10.93+£1°
HBr —6.8+ 12

—— CH;0 +BrO | » CH;+OBrO CHs 358+ 0.2

CHsBr —8.96+ 0.36¢

L e ogs) CHs00 8.0+ 1e

- CH;0 +BrO

aChase, M. W.; Davies, C. A.; Dawners, J. R.; Friup, D. J;
McDonald, R. A.; Syverad, A. NJ. Phys. Chem. Ref. Date985 1.
] CH,0 + HOBr b Curtiss, L. A.; Raghavachari, K.; Redfern, P. C.; Ppple, JI.AChem.

- Phys.1997, 106, 1063.¢Lock, M.; Barnes, R. J.; Sinha, Al. Phys.
Chem.1996 100, 7972.9 Fowell, P.; Lancher, J. R.; Park, J. Drans.
Faraday Soc.1965 61, 1324.°Using theD, of 86.9 £ 1.0 from
CH;OO0—H from Blanksby, S. J.; Ramond, T. M.; Davies, G. E.;
Nimlos, M. R.; Kato, S.; Bierbaum, V. M.; Lineberger, W. C.; Ellison,
G. B.; Okumura, MJ. Am. Chem. So001, 123 9685 and using the
—— CH,00 + HBr heat of formation of CHOOH from ref 25.

Figure 1. CH;0O0 + Br reaction scheme.

> CH;Br+0,('A)

TABLE 2: Energetics Calibration

760 Torr of air or N). There are two potential explanations AH, o

why Aranda et at! do not report the observation of GEOBr reaction calcd exp  |A|
in their ;tud|es. The most obvious is that this t(_e_rmolecular_ CHs00+ Br — CH,0 + HOBr 715 —722 07
process is not favored under the experimental conditions of their cH,00 + Br — CH;Br + 0,%) —421 —-452 3.1

experiment, where the total pressure was only 1 Torr of He. CHs00+ Br— CHs + Br + O,(3%) 27.4 278 04
Alternatively, it is unlikely that CHOOBr would have a stable

positive ion at its parent mass to enable its unambiguous configuration interaction method with singles, doubles, and
detection by mass spectrometry (previous experiments haveperturbative corrections for the triples [QCISD(T)] method.
utilized absorption spectroscopy to detect ROOBY). Indeed; CH These calculations were performed with the 6-84G(2df,2p)
OOBr would most likely fragment to form BrOat a mass of basis set. Because spin contamination can produce inaccurate
95, which would complicate the interpretation of the origin of total energies when performing these calculations, they were
this mass and indeed preclude its definite assignment to the BrOclosely monitored. Thés?[lvalue showed no significant signs

radical. A third reason for the nondetection of &MDBr is that there were major deviations from the exped&édvalue
related to its chemical stability in their system and is discussed of 0.75 for open shell species.
later.

The goal of this study is thus to explore the potential energy 3. Results and Discussion
surface of the Br- CH3O; reaction in order to provide insight

) ) . . As discussed in the Introduction, the only reported product
into the formation of intermediates and products. y rep P

of the CHO, + Br reaction is BrO, formed in a slightly
endothermic reaction pathway (R1c). Figure 1 outlines various
reaction channels and indicates two pathways that can lead to
The calculations in this study were performed with the BrO, both involving passage through either the ;O@Br or
GAUSSIANO3 progrant/ Preliminary searches of global CHz;OBrO intermediates. The GO®OBr complex initially
minima and transition states were carried out using the formed can either directly dissociate to BFO CH3;O via O
unrestricted second-order MgliePlesset perturbation theory atom transfer or isomerize through a three-center bromine
(MP2) method® and using the density functional method with migration to form CHOBrO, which can also decompose by an
the hybrid B3LYP functional? Results from these calculations O—Br bond fission to BrO and CyD. The other product
were used to search for the global minima transition states by channels which are accessible from {HOBr or CH;OBrO
the quadratic configuration interaction with the singles and require significant rearrangement.
doubles method (QCISEY.With the MP2, B3LYP, and QCISD In the following, we calculate the energetics for the various
methods, the 6-31G(d) basis set was used in the optimizations.reaction channels listed in Figure 1. Beforehand, to evaluate
Geometry optimizations were carried out for all structures using whether the levels of theory used are reasonable, the energetics
Schlegel's methcd to better than 0.001 A for bond lengths for several possible reactions involved in the £1® + Br
and 0.02 for angles, with a self-consistent field convergence system, for which there is accurate experimental thermochemical
of at least 10° on the density matrix. The residual rms (root- data from the literature (Table 1), are used to test the methodol-
mean-square) force is less tharrd@u. Vibrational frequency  ogy. In Table 2, the calculated heats of reaction represent the
calculations using the B3LYP/6-31G(d) method were performed geometric average of results calculated at the CCSD(T)/6-
to verify whether the structure had either all positive frequencies 311++G(2df,2p)//B3LYP/6-31G(d) and the QCISD(T)/6-
(minima) or one imaginary frequency (a first-order saddle point). 311++G(2df,2p)//QCISD/ 6-31G(d) levels of theory. A com-
To improve the energetics, fixed-point calculations were parison between calculated and experimental energetics show
performed with several higher order methods, the spin projectedthat the rms error in the energetics#i®.2 kcal mof™. In fact,
fourth-order Mgller-Plesset perturbation method (PMP2)he a reexamination of the energetics for reaction 1c, using the
coupled cluster method using singles, doubles, and perturbationCCSD(T) and QCISD(T) averaged results, shows that the heat
correction for the triples [CCSD(T)] methd@and the quadratic  of reaction is 4.5 kcal mol and is consistent with the estimate

2. Computational Methods
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Figure 2. Structure of the CEDOBr and CHOBrO intermediates.
Numbers without an asterisk are calculated at the B3LYP/6-31G(d)

Francisco and Crowley

shown in Figure 3b, to produce GB + HOBr. We touch on
this later when we make comparisons with the isoelectronic
reaction of CHO + BrO.

Having established that the reaction of £M + Br favors
the formation of the CEDOBr intermediate, we now consider
the fate of this complex in terms of stabilization or rearrange-
ment into various bimolecular product channels.

Formation of CH30 + BrO. The simple dissociation of the
CH300Br complex via B+O bond fission to make BrO-
CH30 proceeds with a barrier of 33.2 kcal mél The
occurrence of this reaction channel appears at first to be
supported by the experimental work of Aranda et'alwho
report observation of the BrO product (but not €. This
channel is 2.9 kcal mol above the ChO, + Br reactants,
and the rate of production of GB + BrO should be slow at
room temperature. This appears to be consistent with the low
rate constant for this process reported by Aranda &t al.

Formation of CH,OO + HBr. The barrier to formation of
CH30 + BrO (R1c) is slightly higher than the barrier of 30.3
kcal mol? for the rearrangement to GABO + HBr (R1b),
which thus turns out to theoretically be the most feasible
bimolecular product channel if the calculations for the formation
enthalpy of the Criegee radical, @GBIO, are correct. This can
be compared to the results obtained by Schnell ét ah the

level of theory, and the numbers with an asterisk are calculated at the CH3O + CIO reaction. They show that the GBIOCI passes

QCISD/6-31G(d) level of theory.

of 5 + 3 kcal mol! from Aranda et al! Nevertheless, the

through a five-center transition that involves the Cl abstracting
the hydrogen from the methyl group. A similar five-center
transition state is found for the GBOBr adduct and is shown

averaged CCSD(T) and QCISD(T) energetics are reasonable andn Figure 3c. The carbeshydrogen bond on the methyl group

can provide some useful insight into the mechanism for the
CHs0, + Br reaction.

that is being abstracted is elongated by 1.277 D, slightly larger
than the 1.215 D reported in the chlorine analogue. Thé3H

As mentioned above, the relative importance of the various distance is found to be 1.767 D compared to 1.438 D in

product channels of the BF CH3O, reaction will depend on
the energies of the intermediates §OBr and CHOBrO and

molecular HBr. The barrier for C#0OBr going to CHOO +
HBr is 30.3 kcal mot?!, which compares well to the barrier of

the barrier heights for their rearrangement to end-products. These27.0 kcal mot! reported by Papayannis et 2llt is also

intermediates are described theoretically in this paper (Figure consistent with the barrier calculated by Schnell éfaif 30.8
2). The transition states for the various reaction pathways in kcal mol ! for the CHOOCI reaction producing Ci®, + HCI.

the CHO, + Br reaction are given in Figure 3, the heats of

These predictions are however not commensurate with the

reaction and transition state barriers are given in Table 3, andnondetection of the HBr product in the experimental study of

a PES is displayed in Figure 4.
The CHOOBr and CHOBTrO intermediates are both ther-
modynamically very stable, being 27.4 and 16.3 kcal Thol

Aranda et al! We note that the formation of the G&O
coproduct would probably remain undetected in a chemical
system with excess bromine atoms, as a fast reaction to form

lower in energy than the reactants, respectively. Papayannis eBrO + CH,O would be expected.

al2* calculated the stability difference between £CHBrO and
CH3OOBr to be 6.3 kcal molt at the G2MP2 level of theory.
Our result is consistent with that obtained by Papayannis?t al.
The 9.7 kcal mot? difference in energy of the two intermediates
is consistent with the difference of 8.4 kcal mblfound for
CH3OCIO and CHOOCIZ It is also interesting to compare
CH3;OO0BTr to CHOOH, for which the G-O bond enerd?f is
43.2 kcal mot?, suggesting that C¥DOBr is somewhat less
stable than CEDOH.

The barrier for isomerization of GJ®OBr to CH,OBrO is
67.3 kcal mot! at the CCSD(T)/6-314£G(2df,2p)//B3LYP/6-

CH,00+ Br— CH,O + BrO 3)
Other bimolecular product channels accessible from thg CH
OOBr complex are Ckl+ Br + O, CH,O + HOBr, and CH-
Br + O,. The formation of CH + Br + O, is endothermic by
~54 kcal mot? (see Figure 4), and the formation of these
products from CHOOBr dissociation need not be further
considered.
Formation of CH,O + HOBr. Of the remaining possibilities,
channel R1d (formation of Ci0 and HOBr) represents the most

31G(d) level of theory. This isomerization passes through a exothermic reaction channel. This reaction passes through a four-
three-center transition state, shown in Figure 3a, that involves center transition state in which the hydrogen from the carbon
a bromine migration to the carbon-bonded oxygen atom. This of the methyl group forms on-©H bond with oxygen connected

transition state is similar to that found for @IOCF® and CH-
0OO0I.27 For these systems and @BIOBr, the transition state

exhibits triangular geometries as seen by Drougas and Kos-

mas?42527The isomerization barrier of 43.1 kcal mélis above
the CHO; + Br reactant level, suggesting that the formation
of CH3OBrO is inefficient. If any CHOBrO is formed by the
isomerization process, then it will readily isomerize via a small
barrier of 6.6 kcal moi! through a five-center transition state,

to the Br of CHOOBr (Figure 3d). In the transition state, the

C—H and the G-O bonds in CHOOBr break while the OH
bond is formed and the-€0 single bond hybridizes to a=€0

double bond while forming CKD. The barrier is above the GH
OOBr intermediate by 35.6 kcal mdl Note that this transition

state is 8.2 kcal mol above the reactants G&, + Br. The

G2MP2 calculations of Papayannis efasuggest this barrier

to be 3.8 kcal moi! above the reactants. In their experimental
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Figure 3. Transition state structures for reaction pathways inovlved in theOTH+ Br reaction. Numbers without an asterisk are calculated at
the B3LYP/6-31G(d) level of theory, and the numbers with asterisk are calculated at the QCISD/6-31G(d) level of theory;:O@BCH
CHZOBrO (TS1), (b) CHOBrO — CH,O + HOBr (TS2), (c) CHOOBr — CH,OO + HBr (TS3), (d) CHOOBr — CH,O + HOBr (TS4), (e)
CH3;00Br — CHBr + O,(*A) (TS5), and (f) CHOO + Br — CH;Br + O,(35) (TS6).

study, Aranda et ai* do not report detection of HOBr (which On the triplet surface, there are two processes that can occur
they have detected on other occasicfigind we can probably  for the CHO, + Br reaction. One involves the formation of
rule this out as a major reaction pathway. CH300BTr (A) in the triplet state followed by the dissociation

Formation of CH3Br + O,. One of the initial goals of this ~ 0f CH;OOBr (A) into CHsBr + O (°2) through a four-center
study was to investigate whether gBt can be formed from transition state similar to that shown in Figure 3e. ThesCH
the title reaction. One pathway that can produce;@t+rom OOBr (A) species is located about 21.4 kcal mbabove the
CHs0O0Br is via the formation of gf'A) on the CHOOBr CH300Br (*A), placing it 6.0 kcal mot* below the CHO, +
singlet surface. The transition state shown in Figure 3e passedBr reactants. The barrier for the dissociation of O@Br (A)
through a four-center transition state, which involves breaking into CHsBr + O (3%) passing through a four-center transition
the Br—O bond while forming the €Br bond and the €O state is estimated to be 44.7 kcal micht the PMP4/6-311+G-
bond breaks while the ©0 forms a double bond. The-@D (2df,2p) level of theory and as such is not a major route for
bond length is 1.227 D, and it is apparent that the transition forming CHBr + O, (Z). However, there is an interesting
state for this process is rather late as evidenced by the elongatedginexpected route to the formation of eBt + O (%) that is
Br—O bond of 3.114 D and the nearly broker-O bond at more competitive. The transition state for this reaction is shown
1.934 D. The activation energy barrier for this process is in Figure 3f. The Br approaches the C of the 4CH radical
estimated to be 88.5 kcal mdlat the CCSD(T)/ 6-311+G- while the C-O bond starts to break. The approach of the Br is
(2df,2p)//IB3LYP/6-31G(d) level of theory. It is clear that this collinear with the CG-O bond, such that the BrCO angle is
cannot be a significant source of giBt. However, because the  180.C. The barrier for this reaction with respect to the 4CHi
CH30, + Br reaction involves a reaction between two doublet + Br reactants is 10.9 kcal midl. This channel is competitive
spin state species, the reaction can occur on both the singletwith the dissociation of CEDOBTr (*A) into CH,O + HOBr on
and triplet surfaces. the singlet surface. The GBr + O, (3%) channel on the triplet
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TABLE 3: Energetics for Reaction Pathways Involved in the CHO, + Br Reaction

CH;OO0 + Br— CH;OO0Br— CH;00Br— CH;O0Br—
CH3Br + Oz(SA) CHZO + HOBr CH200+ HBr CH3BI’ + Oz(lA)
method AH; ° barrier AH; ° barrier AH;° barrier AH;° barrier
B3LYP/6-31G(d) —41.7 2.6 —34.6 38.8 18.8 31.4 23.7 80.1
PMP4/6-313%#+G(2df,2p) —44.9 17.7 47.4 314 13.2 24.3 14.1 86.6
CCSD(T)/6-311++G(2df,2p) —40.0 15.2 —47.1 35.7 11.2 30.0 14.2 88.5
QCISD/6-31G(d) —59.3 -3.2 —42.1 45.9 13.3 40.6 14.0
QCISD(T)/6-311+G(2df,2p) —44.1 6.6 —43.5 35.4 10.9 30.7 19.1
Avg.2 —42.1 10.9 —45.3 35.6 11.1 30.3 16.6
CH;00Br—

CH;O0Br— CH;OBrO— CH:OBrO— CHzOBrO— CHzOO+ Br— CH;OOBr— CH;OO0Br— CH3+ Br+
CH;OBrO CH;O + HOBr CHs;+ OBrO CHsO+BrO CH30+BrO CH;O0O0+ Br CHs0 + BrO O(%%)

method AH:° barrier AH,,° barrier AH; ° AH; ° AH; ° AH; ° AH;o° AH°

B3LYP/6-31G(d) 18.7 68.7 —53.4 2.6 61.9 11.3 3.8 26.2 30.1 55.9
PMP4/ 79 663 —552 19 52.1 26.6 7.1 27.4 34.5 50.9
6-311++G(2df,2p)

CCSD(T)/ 10.0 67.3 —57.2 6.2 58.0 19.1 49 24.2 29.1 52.6
6-311++G(2df,2p)

QCISD/6-31G(d) 19.9 —62.0 8.6 63.0 6.0 —-13.7 39.7 26.6 46.1
QCISD(T)/ 9.4 -52.9 6.9 65.3 26.9 4.0 33.1 37.2 61.5
6-311++G(2df,2p)

Avg.2 9.7 —55.1 6.6 61.7 23.0 45 26.2 33.2 53.8

aThe geometric average of CCSD(T)/6-31:1G(2df,2p) and QCISD(T)/6-31#+G(2df,2p) data.

surface may represent a minor product channel for theGgH  can proceed via direct formation of the gbBrO intermediate,
+ Br reaction. which can undergo a five-centered hydrogen transfer reaction
Formation of CH3;OOBFr in a Termolecular Channel. A (Figure 3b), in which a much smaller 6.6 kcal mbbarrier
further possibility is that the C#DOBr association complex can  from CH;OBrO must be overcome to produce the products
be stabilized by collisions to be the final product in a CH,O + HOBr. Since the exogernicity in producing @BBro
termolecular process as discussed in the Introduction. This isfrom CH;O + BrO is 25.3 kcal motl, the highly energized
somewhat akin to the self-reaction of ClO, which proceeds via CH3;OBrO adduct will dissociate to produce the &+ HOBr
formation of a CIOOCI complex which can be stabilized at low products. This energetic picture of the gH+ BrO reaction
temperaturé® but which dissociates into three bimolecular is supported by the work of Papayannis et‘alhe difference
product channels at ambient temperatir@he formation of in rate coefficient and products of these two reactions is thus
CH3OO0Br in a barrierless association of gBp and Br is thus readily explained by the possibility of GB + BrO to form
favored by high pressures which collisionally deactivate the CHs;OBrO, which is apparently not available for @B + BrO.
complex and prevent dissociation back to the reactants. The low Can we reconcile the theoretical calculations onzOf+
reactivity of CHO, toward Br compared to the fast reactions Br with the experimental results of Aranda et &l.Ret us first
of, for example, BrgH,O, or CHsO, with Br reflects the assume that Br@ CH3O is the major (or sole) product channel
reduced number of vibrational degrees of freedom or@H of the title reaction as reported by Aranda et'alhe rather
compared to the larger peroxy radicals, but most importantly, low rate constant for this process at room temperatkye=(
it reflects the vastly different experimental conditions under 4.4 x 1013 cm® molecule® s1) is then consistent with a
which the experiments were carried out (1 Torr of He for;OH reaction that passes through a transition state that is slightly
=+ Br vs 200-600 Torr of Ny/air for RO, + Br in the studies of higher in energy than the reactants. The difference between the
Crowley and Moortgdf-39. low rate constant observed for @B, + Br compared to other
Comparison with the Isoelectronic Reaction CHO + BrO. peroxy radicals could then be a result of an inefficient
It is interesting to compare the G&, + Br reaction with the termolecular channel forming stabilized gBOBr at 1 Torr of
CHzO + BrO reaction (R4). From an electronic structure He (see above). On the other hand, we note that, even 4 CH
perspective, these two reactions are isoelectronic, yet from aOOBr were thermalized at 1 Torr of He, it would probably have
reactivity perspective, they are rather different. Aranda ét al. a rather short lifetime in the presence of an excess of Br atoms

have determined a rate constant of (3:80.4) x 10711 cm?® in the reactor. The products of GEOBr + Br are likely to be
molecule® s1 for (R4) Br, + CH3O,15

CH;0 + BrO — products 4) CHOOBr+ Br— CH;0, + Br, (5)
which is about a factor of 100 faster than the {05 + Br As the CHO, radical is reformed in this process, this channel
reaction. By analogy to the reaction of g@blwith CIO, which is not measured experimentally and the reported vallg f
has a similar rate room-temperature constant ((2.8.3) x in fact a lower limit that may represent only a fraction of the
107 cm?® molecule® s71)%2 and forms CHO and HOCI, the  overall rate constant. The Bcoproduct of R5 would also not
most likely products of R4 are G and HOBt. be observable experimentally, as large concentrations of Br

These products cannot be obtained readily from the-CH are used to generate the Br reactant.

OOBr adduct because a much larger (35.6 kcal)dbarrier A second possibility, already mentioned above, is that the

passing through a four-center transition state (Figure 3d) has tom/z= 95 signal is in fact partly or wholly due to an ion fragment
be overcome. On the other hand, the OH+ BrO reaction of CHzOOBr. The authors report that tlgz = 95 ion signal
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Figure 4. Potential energy surface for the @bO + Br reaction. Numbers are given in units of kcal mol

they assigned to BrO grows with reaction time but do not report
the kinetics of this process, which may be influenced by the
presence of other radicals (e.g., §&). The same discussion
could equally well apply to CEDOBr, which likely would react
with Br (see above). The ionization cross section of;0BBr
is unlikely to be vastly different from that of BrO, and similar
signals atm/z = 95 may be expected.

Elucidation of the true mechanism and overall rate constant
for this reaction under atmospheric conditions requires further

CH30; + Br reaction is dominated by the formation of the £H
OOBr intermediate, the formation of which is calculated to be
without a barrier. Bimolecular reaction pathways via{O®Br
dissociation (in order of most favored first) are €30 + HBr,
CH30 + BrO, and CHO + HOBr, which is not consistent with
the experimentally reported dominance of a single reaction
channel forming BrO.

Another minor bimolecular product channel is the direct
formation of CHBr + O, (32) in an §2 displacement of ©

experimental studies. Especially, the temperature and pressurg.gm the CHO, + Br reaction which occurs on the triplet

dependence of the reaction would give us valuable information

surface. The finding of this minor channel raises the question

on the role of intermediates and the competition between the ¢ \whether the CHBr + O (23) reaction could be a possible

bi- and termolecular reaction pathways.

4. Conclusion
We have investigated pathways for the reaction of;GH

contributing source of CgBr. Nevertheless, the dominate
channel is however the termolecular §&MOBr forming channel
which is consistent with the previous experimental studies of
RO, + Br that did not consider RCHs. These results suggest

radicals with Br atoms. This theoretical study suggests that the that new laboratory measurements on the products and kinetics
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