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Acetone has attracted much attention lately as a key species in
the chemistry of the cold and dry Upper Troposphere and Lower
Stratopsphere (UTLS) as a major source@ffl radicals, through
its fast photolysis and subsequent reactions witra@d NO?
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HO,

0
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¢-[(CH,),C=0---HO,"]

CH,COCH, + hv (+20,) — CH,0," + CH,C(0)Q, (1)
CH,O," + NO (+ 0,) ~ HO," + CH,0 + NO, (2)

HOZ. + NO—"°"OH + NO2 (3) reaction coordinate
Figure 1. Potential energy profile of the (G}CO + HO,* = (CH3),C(OH)-

OO reaction at the G2M//B3LYP/cc-pVTZ level.
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Thus, acetone largely controls ozone production in the UTLS by

the chain reaction of the resultin@H radicals with (mainly) CO Figure 1 depicts the PES of the reaction
CO+"OH (+0,) — CO, + HO; (4) CH,COCH, + HO," == (CH,),C(OH)OC  (6)
followed by reaction 3 and fast subsequentNiDotolysis at the G2M level. Similar to H@ + CH,O and HQ* +
. CH3;CHO 2 reaction 6 proceeds through a cyclic H-bonded prere-
NO, +fw (+ Oy =~ NO + O, ®) action complex, while the critical transition state (TS) to the pro-

ducts involves concerted addition of the terminal O of MO the
carbonyl C and H-transfer from H&to the carbonyl G52 A vari-
ational treatment shows that the precomplex redissociates much
more rapidly than it overcomes the barrier of the tight TS to yield
the products such that the overall rate condtaigt essentially deter-
mined by the relative energies and partition functions of the TS
and the initial reactants onl.

Three enantiomer pairs of (GHC(OH)OO conformers and one
enantiomer pair of the rate-determining TS were identified and
characterized. Table 1 demonstrates the excellent agreement of the

The global source strength of acetone is currently estimated at 95
Tg yr-%, mainly from terrestrial vegetation, ocean emissions, and,
in the extratropical Northern Hemisphere, from the oxidation of iso-
alkanes. Measured acetone mixing ratios in the UT range from
200 to 2200 ppt and in the LS from 100 to 200 pgtcetone re-
moval in the UTLS is thought to occur for about 70% of the acetone
content by photolysis (1) and for 30% by reaction wi®H,*5
which was shown to proceed dominantly through H-abstraétion.

Recent flow-reactor studies founeétremoval of HQ® by acetone
and several other ketones to be negligibly sl&y(298 K) < 8 x . . .

10 cm? s 71, and relegated such reactions as of no importance in relative energies at the dlffer_ent I_evels of thedty.
the atmosphere The two lowest-frequency vibrational modes of acetone were duly

In this paper ' we present a state-of-the-art quantum chemical treated as hindered internal rotations (see Supporting Information).
(QC) and statistical-rate investigation of the reaction of,Hth lzesl\ig-'ll'gzc;l;ulszi? ie(g(fczfl'{f E\?On:g?/OR%CiT]gigggesK?ed
acetone and demonstrate that it is an efficient acetone sink at theresuit of 4.4x 10-13 cmB -1 |ps so.mewhat hi he.r than the rate co-
low temperatures of the tropopau3es 220 K. All QC calculations efficients 6f the analogous HOreactions V\?ith CHO and CH-
were perfo;]med usin_glthe GAUSSfIANO?I;Eré)grér'ﬂne Etationar_y d CHO12-14 showing thafJ H@ reacts with ketones at least as fast as

oints on the potential energy surface were characterized at_.., ~’ ;
E)hree high Ievpels of theory:g); nearly-éonve)rg?e€£2M8 variant with aldehydes, contrr_alry to currently held vieWslowever,o-hy-
CBS-OB3? and G3!0 The G2M energies, comprising zero-péint droxy-alkylperoxy radicals formed from ketones are found to be 5
energies ('ZPEs) a.re defined hereEi@ZM//DFT] — E[CCSD- kJ/mol less stable than those from the aldehyéiasd our MC-TST
(T)/6-311G(d p)//DFT]+ { E[MP2/6-31 1+ -+G(3df, 3pd)//DFT] resglts show that (C§L,C(OH)OO lrgdissociation £6) is very
E\IP2/6-311G(4,p)/DFT) * ZPE(DFT), where DFT stands for 16k At EeC0 7 B0 e L e cegan
B3LYP/cc-pVTZ. Rate coefficients for forward and reverse reac- . . o . . -
tions were calculated using multiconformer transition state theory th? atmospher_e, this rapid redecomposition W'”. |fes_ult in an equili-
(MC-TSTY based on the G2M data. Our theoretical methodologies brium of reactions 6 ane-6. Therefore, the equilibrium constant
- . i . Ke = [(CH3).,C(OH)OOJ/{[(CH3).C=0] x [HO} is the crucial
are amply validatedd by their reproducing the experimental forward " . : :
and reverse rate coefficients and the equilibrium constant of both quantitity here. It is determined by the relatl\_/e energy PE) of
the analogous H@ reactions with CHO™ and CHCHOM (T ~ the lowest-energy product conformer, for which the three levels of
300 K) within the experimental error of a factor of 2. This implies :zgggnigrs:rri\tlilghr:r;uorigtiléJr{Tz:t:’oafl]'(rj]:)(/Stzh-lafnbeapseer:jdsgltguﬁ);g#)w
a G2M accuracy ok 2 kJ/mol for all stationary points involved. can be fitted byKs = 7.8 x 10-2exp(59.7 kJ molYRT) e (200~
* Department of Chemistry. 600 K). Around 300 K, the equilibrium is shifted far to the left,
* Department of Interphase Chemistry. Ks(300 K)= 1.9 x 107" cm?, such that reaction 6 is of no conse-
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