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Abstract

The low pressure fast discharge flow method witetanduced fluorescence detection of
CH3C(O)CH, was employed to study the kinetics of the react@sC(O)CH, + Br, —
CH3;C(O)CHBr + Br (1) at 298, 323 and 365 K. The rate coedfit at room temperature is
ky = (2.33 + 0.04 (@) x 10 cn?® molecule® s, which increases slightly with increasing
temperature. Quantum chemistry (G2) and theoretiet¢ theory (conventional TST)
computations have supplied results in qualitatigee@ment with experiment. The relatively
slow rate of reaction (1) can be due to the resomatabilization of the acetonyl radical.

Keywords reaction kinetics, acetonyl radical,,Bnolecule, resonance stabilization

1. Introduction

Acetonyl (1-methylvinoxyl) radical, C¥(O)CH,, plays an important role in the chemistry
of the troposphere affecting HOx and NOx cycles anthis way tropospheric £budget.
Acetonyl is formed via hydrogen abstraction readid®oy OH radicals and Cl atoms from
acetone, which is one of the most abundant organiadbe background troposphere [1].
Beside its importance for atmospheric chemistryet@utyl radical is of interest from a
fundamental chemical kinetic point of view as wélhe radical site in acetonyl is partially
delocalized over the carbonyl double bond, whick haen found to give rise to unusual
kinetic behavior in some of the elementary reactimi this free radical [2,3]. As a
continuation of our previous experimental and te&oal work [2-4] on the structure-

reactivity relations of acetonyl, we have studied teaction of CEC(O)CH, radical with B
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molecule (1). This reaction has relevance alsaherenthalpy of formation of the acetonyl
radical: in the classical photobromination studyaoétone by King et al [5], reaction (1) was
assumedo have small positive activation energy at degvinH®29s (CH3C(O)CH,), but no
method was available at the time of the investigegito confirm the assumption of the
authors.

We have applied the direct reaction kinetic metlobdow pressure fast discharge
flow (DF) coupled with laser induced fluorescen¢dF] monitoring of CHC(O)CH, to
determine rate coefficients for reaction (1) ateavftemperatures. Preliminary quantum
chemical and theoretical reaction kinetic computaihave been carried out to interpret and
supplement the experiments. The enthalpy of folmnatif the CHC(O)CH,Br molecule has
also been estimated by theory.

To our knowledge, no experimental or theoreticadgthas been reported on the
reaction of acetonyl with Br

CH3;C(O)CH; + Br, > CH3C(O)CH,Br + Br (@H)

2. Methods

2.1 Experimental

The applied DF-LIF technique has recently beenrdest in detail [2] and hence only a
brief summary is given here.

The flow reactor was a 40.3 mm.ilélyrex tube which was equipped with a coaxially
mounted moveable quartz injector to vary the reactime. A thermostatting jacket
surrounded the reactor through which temperatugrilaged distilled water was flown.
CH3;C(O)CH, radicals were produced in the injector by reactaggtone with F atoms
obtained from microwave dissociation of Br,/He gas mixture was introduced at the upper
end of the reactor through a side arm. In ordetitanish the wall loss of acetonyl, the inner
surface of the reactor was coated with Halocarb@x \\HW). The reaction was monitored
by LIF detection of the depletion of the concemtratof CH;C(O)CH, along the reaction
distance. For excitation, we have used the thimiabaic generation wavelength (355 nm) of
a Nd:YAG laser. That is, we have made use of ocenefindings that the acetonyl radical
can be detected with good sensitivity not only biumaable laser source but also using a
fixed-wavelength Nd:YAG laser [2]. The pulsed Li&dration emerging from the detection



volume was passed through a 436 + 25 nm band-pssdaptured by a photomultiplier and
averaged with a digital storage oscilloscope.

Helium (Linde, 99.996%) was the carrier gas whwas passed through liquid-
nitrogen-cooled traps before entering the flow aystk, (5% in 99.9995% He) was supplied
by Messer-Griesheim. Acetone (Aldrich, 99.9+% HP#i@de) was degassed by freeze (77
K)-pump-thaw cycles in a vacuum line.;E6igma-Aldrich, > 99.5+%) was subjected to
repeated low temperature vacuum distillations ptioruse. HW was purchased from
Halocarbon Products Corporation.

2.2 Theoretical method

Ab initio quantum chemical computations were parfed in order to locate and characterize
the relevant stationary points of the potential rgpesurface (PES) of the reaction. All
equilibrium and transition-state (TS) structuresrevéully optimized at both the SCF and
MP2 levels using the 6-31G(d) basis set. The Ganszi(G2) composite method was used to
compute the energies of all species and of thesitian state. The method carries out
geometry optimization and a subsequent frequenicyledion at SCF/6-31G(d), followed by
a second geometry optimization at MP2 with the séass set [6]The minimal energy
pathways were determined by intrinsic reaction doate analysis (IRC) at the SCF/6-
31G(d) level of theory [6].

Transition state theory (TST) in its conventionatnfiulation was applied to obtain
rate constants for the studied reaction by makisg of the computed ab initio data. The
vibrational and rotational contributions to therthedynamic functions were derived by the
RRHO approximation (no free or internal rotationsvemnsidered). The tunneling correction

factor was estimated by using the Wigner’'s form[i.

3. Results and discussion

3.1 Experimental rate coefficient

The conventional “on-off” pseudo-first-order expeents and evaluation procedure [8] were
applied with [Bg] >> [CH3C(O)CHylo = 4 x 10" molecule cm® to determine the rate
coefficient, k;, for the overall reaction between acetonyl ang Binder pseudo-first-order

conditions, the exponential decay constkitz k; [Bro], can be obtained from the expression



IS 191 = k' (ZW) = ki' t, whereS,/'° and S« are the LIF signal strengths of the
acetonyl radical in the presence and absence HfrBspectivelyz is the varied reaction
distancew is the linear flow velocity antlis the reaction time. Froi', the bimolecular rate
coefficient is obtained by varying [Br

Representative pseudo-first-order £LHO)CH, decays at 322 K are presented as
semilogarithmic plots in the inset of Fig. 1, akndvs. [Br] data are plotted for the same
temperature in the main panel. The linearity and rgercepts of the pseudo-first-order plots
indicate that reaction (1) was studied under koadly isolated conditionsk;’ and k; have
been obtained by linear least squares analysis.psbado-first-order kinetics were obeyed
well at 298 and 361 K reaction temperatures to@ M6 data as a function of reaction
time gave also straight lines, their slopes praviklg; = (9 + 5) §' rate coefficient for the
heterogeneous wall loss of acetonyl independetegroperature. The errors given throughout
the Letter refer to @ precision if not otherwise stated. The experimertatditions and
results are compiled in Table 1.

To the best of our knowledge, the rate coefficigrssented in Table 1 are the first
determinations for the reaction of gE{O)CH, with Br,. Up to now, we have performed
kinetic experiments only at three temperatures alkerlimited range off = 298-361 K.
Nevertheless, the data determined are believed sufficiently accurate to conclude that the
rate of reaction (1) slightly, but definitely inases with increasing temperature. The
temperature dependence corresponds to the Arrhagistion energy oEa 1 ~ 2.3 kJ mol
! Clearly, experiments at more temperatures ardvider range are needed to determine the

accurate temperature dependence of reaction (1).

Table 1
Experimental conditions and kinetic results for teaction CHC(O)CH, + Br, (1) ?
T P w 10 [Br)] ky' 10 (ky + 20) No. of
(K) (mbar) (cms?  (molecule ci) (sH (cm® moleculé® s  expts
298+3 35+0.6 1070 0.5-11.9 19.8-279 2.33£0.04 14
3222 35+0.2 1230 0.25-8.7 11.5-233 2.53x0.16 8
361+2 34+0.2 1300 0.42-6.5 12.4-185 2.73+0.06 7

#Results of the individual experiments are avail@s&Supplementary data.



250 - k=(2.53+0.16) 10"° cm’ molecule” s™ .

a0l T=322K

—~ 150 |- -
)
w T e e T L
A d
- 155"
x .
100 | S
Se2r a
®’ “\ e 708 s
o LR A
5, * 025 . A
) ¢ 276 \_ ,
- £ 4 529 1445”1 _|
50 i N
10" molecule cm™ Br, :
23295
-5 ) 1 1 )
0 5 10, (ms)15 20 25
0 1 1 1 | 1 | 1 1 1
0 2 4 6 8 10

[Br,] (10" molecule cm”)

Figure 1. Representative pseudo-first-order plot (main paaedl acetonyl LIF decays (inset)
determined for the C4€(O)CH, + Br» (1) reaction al = 322 K.



3.2 Theoretical results

Schematics of structural features and the zerotpenergy corrected relative energies
computed for the C¥C(O)CH, + Br, (1) reaction are summarized in Fig. 2 (numericdligs

of geometrical parameters, frequencies and G2 mseaye available as Supporting data).
The reaction has been found to occur through agaetion CHC(O)CH,...Br—Br complex
(van der Waals adduct, MC) formed barrierless ftbenreactants. The pre-reaction complex
has a loosely bound cyclic structure with H...Br aistes greater than 3 A and it is stabilized
by just 5.4 kJ mat binding energy (at 0 K, with respect to reactarits$ noted that the basis
set superposition error (BSSE) can be significantstich a loose complex at the theoretical
level and basis set applied; no correction for B$gEhas been made in the current work.
The minimum energy pathway connects the complextiamgroducts, C¥C(O)CH,Br + Br,
through a transition-state structure (TS) having onaginary frequency (first order saddle
point). A small barrier height of 1.0 kJ mbhbove reactants has been predicted for the TS at
the G2 theoretical level. No post-reaction comgdekwveen the products could be located on
the PES.

Reaction (1), the methathesis reaction betweenomagleand Bg, is significantly
exothermic, indicating that the weak Br—Br bondéaplaced by a stronger C—Br bond: the
computed G2 reaction enthalpyAgH®,05(1) = —73.1 kJ mot (it is —73.3 kd mof atT = 0
K). The value ofA;H%»s(1) = —64.9 + 8.5 kJ mol can be obtained by taking the standard
enthalpies of formation of GG&€(O)CH,, Br, and Br from a recent critical data evaluation
[10] as well asA¢H®295 (CH3C(O)CH,Br) from [11]. Theory overestimates the exothertyici
of the reaction by ~8 kJ md) but this is still a reasonable agreement in vigthe
significant uncertainty of the literature reactienthalpy (the errors given are propagated

values).
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Figure 2. Profile of the potential energy surface and molacsitructures for the reaction
CH3;C(O)CH, + Br; (1). The energies given have been computed abghkevel of theory T

= 0 K) and include the MP2/6-31G(d) zero-point @yercorrections. Drawings of the
molecular structures are based on MP2/6-31G(djrogsition.



The G2 molecular parameters and energies have d@gdied in conventional TST
analysis to calculate rate coefficient for reactj@d) the activation barrier was taken relative
to reactantsEy, = 1 kJ mol* (T = 0 K). That is, we have assumed the pre-reaction
acetonyl...Bs complex to have no kinetic effect: the systemsflower the shallow potential
well without being reverted to reactants or stabili by collisions. The imaginary frequency
obtained at the SCF/6-31G(d) theoretical leveld84-cm* (not scaled) which corresponds
to 8% and 5% Wigner’s tunneling corrections at 288 361 K, respectively (details of the
kinetic calculations are presented as Supporting)ddhe small tunneling effect is in
accordance with that the reaction involves therabsbn of a heavy bromine atom. The
calculated rate coefficients increase with incnegsemperature and can be represented by
the equation oky(TST) = 2.7 x 10" (T/300¥* cn® molecule® s*. The computed and
measured rate coefficients are compared at a flenpdmtures in Table 2.

Table 2
Comparison of rate coefficients obtained by DF-EMperiments and G2/TST computations

given in 10*cm® molecule® s

Temperature 200 298 322 361 500 1000
(K)

ki(theory) 0.12 0.26 0.31 0.40 0.81 3.80

ki(experiment) - 2.33 2.53 2.73 - -

As seen in Table 2, theory predicts a small positemperature dependence similarly
to the experimental findings, but the absolute &slof the theoretical rate coefficients are on
average ~8-times smaller. A potential problem &t thingle-reference electron correlation
method has been used for describing the system &Wdbtron delocalization. Also, the
acetonyl..Br, pre-reaction complex should be characterizedkaglaer level of theory with
more extended basis set and then attempted itsikiride to be assessed by relevant rate
theories, such as the 2TS-model [12], [13], ordiaistical adiabatic channel model / RRKM
approach [14].

As far as we know, CiH Br, is the only polyatomic free radical + Breaction that
has been the subject of quantum chemical and thealreeaction kinetic investigations [15].
Drougas and co-workers have studied this reactiontha CCSD(T)//MP2/6-31+G(d,p)
theoretical level and performed extended RRKM theord quasi-classical trajectory (QCT)

computations [15]. They have found the {£H Br, reaction to proceed through a shallow



pre-reaction complex (with ~4 kJ mblstabilization energy) in the entrance channel,
followed by a low barrier (~1 kJ md) transition state structure, but unlike in ouregabey
have also mapped a post-reaction complexzBCH.Br, in the exit channel formed with a
substantial amount of excess energy [15]. The ro@ronical RRKM and QCT computations

have supplied rate coefficients in good agreeméiht @xperiment [16].
3.3 Reactivity of the acetonyl radical

Acetonyl has a partially delocalized electroniusture that may be portrayed by the limiting
“alkyl”, «CH,C(=0)CH;, and “alkoxyl”, CH=C(—0¢)CH;, resonance structures [17], [18].
The current experimental and theoretical study icmsf our previous conclusion [2-4] that
acetonyl reacts like a carbon-centered free rachcal not like an alkoxyl radical in its
elementary reactions. Specifically, Brg&EB{=0)CH; is formed in the reaction with Brwhile
alkoxyl radicals apparently do not enter reactiotin\inolecular bromine [19].

The reaction of acetonyl radical with moleculaorbime is quite fast, but it is much
slower compared with the alkyl radical + ,Breactions [16]; for example, the room
temperature rate coefficient is ~50-times smalhantthat of the &5 + Br, reaction (Table
3). The reduced reactivity can be attributed to dleéocalized electronic structure of the
acetonyl radical that has been observed also fer @sC(O)CH, + O, [2,3] and
CH3C(O)CH, + NO reactions [2-4]. A measure of the electrolocization is the resonance
stabilization energy (RSE), which is 23 kJ mofor the acetonyl radical [10]; the
“prototypical” resonance-stabilized GEHCHCH, (allyl) and HGCCH, (propargyl) radicals
have 60 and 39 kJ mOIRSE, respectively [10], [20].

Timonen and co-workers have studied the kinetidhi® reactions of a great number
of carbon-centered free radicals with, Bsing the pulsed laser photolysis technique caliple
with time-resolved photoionization mass spectroyndgtection [16], [21], [22], [23]. They
have established, among several other kinetic festuhat resonance stabilized unsaturated
hydrocarbon radicals (allyl and propargyl) havendigantly lower reactivity toward Brthan
their saturated counterparts without resonanceligtion [22]. On the other hand, a higher
RSE value of the free radical does not mean thatutld necessarily react with a smaller rate
coefficient [22]. These conclusions are in linehagur results concerning the reactivity of the
CH3C(O)CH, radical with Bp (rate coefficients of the Bireactions atT = 298 K are

compared in Table 3).



Table 3
Comparison of room temperature rate coefficientshef reactions of selected organic free

radicals with molecular bromine

Radical, R k(R + B, 298 K) RSE (R}
(cm® molecule® %) (kJ mor?)

CHs (methyl) 3.6 x 10" [16] 0

CHsCH; (ethyl) 1.1 x 10'°[16] 0

HCO (formyl) 7.2 x 10'[21] 0

CH,=CHCH, (allyl) 9.3 x 10™°[22] 60 [10]

HC=CCH; (propargyl) 1.2 x 10°[22] 39 [10] [20]

CH;(CO)CH; (acetonyl) 2.3 x 10 This work 23 [10]

CH50 (methoxy) < 8 x 13°[19] 0

#Resonance stabilization energies defined as R (@IDH®,95 (H-CHCH,CHjz) — DH 298
(H-CH,CH=CH,), RSE(propargyl) = Bl°,9g (H-CH,CH,CH3) — DH®29g(H-CH,C=CH) and
RSE(acetonyl) = Bl°293 (H-CH,CH,CHz) — DH®,95 (H-CH,C(O)CH) differences of bond
dissociation energies. Zero RSE means that thengivee radical has no electron
delocalization.

3.4 Thermochemical implications

The long established standard enthalpy of formatioacetonyl AtH®29s (CH3C(O)CH,) = —
23 + 8 kJ mol*, was proposed by King et al. by kinetic studytaf gas-phase bromination of
acetone [5], while the recent reports converge talae which is ~10 kJ mdl smaller (a
thorough overview of the literature has been preskin [18]). The critically evaluated,
recommended value i§H°2¢5(CHsC(O)CH,) = —34 + 3 kJ mat [10].

King and co-workers [5] measured the initial rabéghe consumption of Brin the
temperature range 494-618 K using spectrophotoné&tchniques, and derived kinetic
parameters for the elementary reaction Br +;C@)CH; -~ CH;C(O)CH, + HBr from
which theAsH®,93 (CH3C(O)CH,) value given above was obtained. The derivatios bhased



on a simple reaction mechanism, including ;CHD)CH + Br, (1), and an assumed
activation energy of; = 4 + 4 kJ mof* for this reaction. The activation energy we have
estimated by direct kinetic experimentsBs~ 2.3 kJ mol*, which basically confirms the
assumption of King et al. [5]. Therefore, we haeeevaluated the standard enthalpy of
formation of acetonyl by taking the experimentaladaf these authors and making use of our
E; and auxiliary thermochemical data from recent ses{l0], [24], [25], [26]. The re-
calculation has returned —23 kJ Aidbr AHC,gs (CH;COCH), that is, the very same value
as reported by King et al. [5]. Obviously, it doest follow from this analysis that the ‘old’
enthalpy value should be preferred. In fact, culyethere has been a clear consensus in
favor of the lower enthalpy of formation of acetbfi0], [18] as noted. Some systematic
errors may have occurred in the experiments of Kind co-workers [5], or some of the
assumptions they made were not correct to evaahie experimental data. For example,
termination of Br-atoms may have occurred on théiswaf the reactor and so their steady
state concentration was no longer controlled by tthermodynamic equilibrium in the
homogeneous gas phase as assumed by King et.al. [5]

In the reaction of acetonyl with Broromoacetone (acetonylbromide) and Br are the
reaction products. Bromoacetone is formed alsohi& atmospheric degradation of 1-
bromopropane [27] and it is one of the marker mdksx for Br-atoms during the
tropospheric ozone depletion episodes in the Afe@8. The only value for the enthalpy of
formation of bromoacetone has been reported alsoKimg and co-workers from an
experimental study similar to that discussed in pihevious paragraph proposimgH©,9g
(CHsC(O)CH:Br) = =180 + 8 kJ maf [11]. In our current work we have applied the G2
theoretical method with the atomization approadhtdéestimate a value of —170.2 kJ ol
for the standard enthalpy of formation of &HO)CH.Br. In the absence of other
information, the average of the two data is proddsebe used as a compromise, but given
with a large uncertainty\H°,9s(CHsC(O)CH,Br) = =176 + 8 kJ mot.
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Table S1.Experimental conditions and results for the resc€CHC(O)CH, + Br (1)

T P w 10 [Br,] ky' ki error (20)
(K) (mbar) (cm sY (molecule cm®) (sH (sH
298 +3 35x0.6 1070 0.51 19.85 3.42
0.89 25.87 2.34
1.01 37.22 2.34
1.91 49.29 2.94
2.50 64.01 3.66
2.85 82.94 6.08
3.54 84.44 5.18
3.89 104.41 16.48
4.86 105.37 3.22
5.57 133.73 2.36
6.50 151.31 4.44
6.96 190.08 11.14
9.41 245.93 6.88
11.90 279.08 19.42
(298 K) = (2.33 + 0.04 (2)) x 10 *cm’>molecule ™ s*
322 +2 3.5+0.6 1230 0.25 11,5 1.26
0.41 17.3 1.40
2.76 70.82 2.48
2.62 79.1 3.68
5.29 144.5 4.38
8.08 198.5 10.02
7.80 199.4 14.18
8.70 232.9 12.10
ki(322 K) = (2.53 + 0.16 (@) x 10 “cm’molecule ™’ s*
361 +2 3.4+0.2 1300 0.42 12.4 0.92
1.30 47.1 1.88
1.75 53.9 4,72
3.05 85.0 3.14
4.22 110.3 574
5.46 145.7 4.24
6.50 184.8 9.74
k(361 K) = (2.73 + 0.06 (@) x 10 *cm’>molecule ' s*




Table S2.G2 molecular parameters and energies for theiogaCtH;C(O)CH, + Brza’d

Geometry | CH,C(O)CH; | Br—Br...CH,C(O)CHZ> | Br...Br...CH,C(O)CH,° | BrCH,C(O)CHj
(MC) (TS)
C.C, 1.4772 1.4774 1.5097 1.5204
C,C, 1.5153 1.5148 1.5088 1.5082
CH, 1.0820 1.0823 1.0850 1.0885
C.H, 1.0832 1.0823 1.0859 1.0923
CH, 1.0891 1.0893 1.0893 1.0903
CH, 1.0944 1.0942 1.0927 1.0934
C.H. 1.0944 1.0938 1.0951 1.0938
C,0, 1.2036 1.2043 1.1970 1.2264
C,Br, 3.9136 2.4556 1.9607
H.Br, 3.3600 5.04916
Br,Br, 2.3119 2.3568
C,.C,C, 115.9810 115.8834 115.9281 117.9551
H,C,C, 118.0945 118.0196 115.8825 109.6724
H,C,C, 122.2960 122.0804 120.0511 111.2951
H,C.C, 109.0617 109.1282 109.1348 108.8209
H,C.C, 110.0423 109.1865 110.0255 109.7481
H.C,.C, 110.0423 110.6258 109.2712 111.1079
C,C,0, 121.2640 121.3250 119.7849 119.1058
Br.C,C, 89.9652 99.9025 110.9375
H,Br,Br, 78.0454 152.9579
H,C,C,C, 0.0000 —178.1289 —176.0337 —173.0781
H,C,C,C, 180.0000 3.1015 31.0273 63.7299
H,C,C,0, 180.0000 1.1886 4.9883 —115.0418
H,C,C,C, 180.0000 —175.0563 176.0337 —164.1345
H,C,C,C, 59.1559 64.5108 54.3915 76.1810
H.C,C,C, -59.1559 —53.1652 —63,8556 —42.3487
Br,.C,C,C; ~1.5336 —76.1413 —54.4129
10.81742 1.88749 4.34337 7.40345
B: 9.15151 0.59472 0.52982 1.59590
5.1151 0.49924 0.50881 1.41641

& Geometries have been optimized at the MP2/6-311B@) of theory; the bond lengths are given
in A, valence and dihedral angles in degrees. TOE/&31G(d) vibrational frequencies are scaled

by 0.8929 and are given in cm The rotational constants, have been obtained using MP2/6-
31G(d) optimization and are given in GHz. The td&l-energiesEy(G2), refer to 0 K and are
given in Hartrees.

® Pre-reaction complex.
“Transition state structure.
9The G2-molecular parameters for the other molecareshe following: BrEy(G2) =
—2572.5329449 a.u., BR(Br-Br) = 2.3128 A1, = 323 cm"*, andEy(G2)= -5337.302908 a.u.




Table S2 (continued)

Frequency | CH,C(O)CH; | Br-Br...CH,C(O)CHZ’ | Br...Br...CHs,C(O)CHS | BrCH,C(O)CH;
(MC) (TS)
1 55 6 254 50
2 364 30 36 100
3 403 40 41 173
4 487 54 79 357
5 501 62 90 441
6 676 100 99 524
7 790 323 174 642
8 901 383 357 761
9 1010 436 497 834
10 1026 491 523 984
11 1209 505 584 1016
12 1374 714 776 1129
13 1393 789 832 1206
14 1448 930 896 1391
15 1451 1012 1022 1389
16 1453 1041 1042 1434
17 2865 1194 1192 1438
18 2914 1359 1389 1450
19 2962 1397 1416 1808
20 2982 1454 1445 2879
21 3080 1456 1448 2936
22 1459 1480 2945
23 2870 2870 2972
24 2929. 2924 3028
25 2958 2971
26 2990 2990
27 3087 3091
Eo(G2): | —192.1595753 —5337.3029080 —5337.3004814 47968441

& Geometries have been optimized at the MP2/6-318(@) of theory; the bond lengths are
given in A, valence and dihedral angles in degréBse SCF/6-31G(d) vibrational
frequencies are scaled by 0.8929 and are givemiti .cThe rotational constant8, have
been obtained using MP2/6-31G(d) optimization anel given in GHz. The total G2-
energiesEy(G2), refer to 0 K and are given in Hartrees.
® Pre-reaction complex.

°Transition state structure.

9The G2-molecular parameters for the other molecareshe following: BrEo(G2)=
—2572.5329449 a.u., BrR(Br-Br) = 2.3128 A (1, = 323 cm' , andEy(G2)= —5337.302908

a.u.




Table S3Cartesiarcoordinates optimized at the MP2/6-31G(d) leveheafory®.

CH,C(O)CH3; Br—Br...CH,C(O)CH; Br...Br..CH3;C(O)CH, BrCH ,C(O)CHj3

No. Atom (MC) (TS)

X Y z X Y z X Y z X Y z
1 C -0.16114 | 0.00000 | -1.42969  0.57706 -1.50317 0.5765®.84597 | -1.53495| 0.33196 1.46544  -1.94320.07256
2 G -0.16114 | 0.00000 | 0.04748 | -0.84313] -1.84268 0.35180 -0.56608 -5B26] -0.12686 | 0.23501 | -2.6315Q -0.49657
3 Cs 1.20105 | 0.00000 | 0.71131| -1.83571 -0.72215  0.58409.64936 | -1.49409| 0.89735 -1.1197 -2.120P40.07471
4 H, 0.75447 | 0.00000 | -2.00842  0.885596 -0.52970  0.33%20.76765 | -0.90943 | -1.25295 | 0.38149 | -3.58469 -1.25425
5 H, -1.11565 | 0.00000 | -1.93922  1.31852  -2.26934  0.39082.60905 | -1.19812| 0.47548 -1.872(J5-2.86803 | -0.32688
6 [o}} -1.18995 | 0.00000 | 0.67212 | -1.17455 -2.94364 -0.00645 -1.434530.92489 | 1.805013 -1.3432] -1.18832 | -0.60109
7 Hs 1.06984 | 0.00000 | 1.79252| -2.84676 -1.11239  0.47408.67257 | -2.55591 | 1.16429 | -1.14230 -1.90237 | 0.99698
8 H, 1.76914 | 0.88272 | 0.40176| -1.65741 0.0735  -0.1458562874 | -1.31042| -0.38497 | 2.35970 | -2.33364 -0.40984
9 Hs 1.76914 | -0.88272| 0.40176] -1.69797 -0.28513  1.5772B03699 | -2.30197| 1.07646 152160  -2.06382.15675
10 Br, 0.32478 | 2.26709] 1.73968 1.25289 0.44757 | 1.72251 | 1.40697 | -0.0126Q -0.26405
11 Br, 0.21157 | 2.40001| -0.5655f 1.41437 2.24586 | 3.23732

2The coordinates are given in AngstrorRgBr—Br) = 2.3128 A




Table S4
Calculation of the rate coefficiekt(TST)

T Kc s s(kT/h)Kc tunn.*) 1(KST)
(K) (cm,molec) (cm,molec,s) corr. (crojet,s)
100. 5.052E-27 2 2.105E-14 1.697
200. 1.196E-26 2 9.968E-14 1.174
250. 1.588E-26 2 1.654E-13 1.112
298. 1.982E-26 2 2.463E-13 1.078
300. 1.998E-26 2 2.498E-13 1.077
350. 2.424E-26 2 3.535E-13 1.057
400. 2.863E-26 2 4.773E-13 1.044
450. 3.317E-26 2 6.220E-13 1.034
500. 3.785E-26 2 7.886E-13 1.028
600. 4.759E-26 2 1.190E-12 1.019
700. 5.786E-26 2 1.688E-12 1.014
800. 6.865E-26 2 2.289E-12 1.011
900. 7.994E-26 2 2.998E-12 1.009
1000. 9.171E-26 2 3.822E-12 1.007
1500. 1.573E-25 2 9.831E-12 1.003
2000. 2.330E-25 2 1.942E-11 1.002
2500. 3.176E-25 2 3.309E-11 1.001
3000. 4.104E-25 2 5.131E-11 1.001

*) Wigner tunneling correction for 284i
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