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The products of the reaction of OH with acetone (@HCH;C(O)CH; — products) were investigated using

a discharge flow tube coupled to a chemical ionization mass spectrometer. It was shown that the yield of
acetic acid from the reaction was less than 1% between 237 and 353 K. The vyield of acetonyl radical was
measured to be (9% 11)%, independent of temperature, between 242 and 350 K. The rate coefficients for
the reaction were measured with this system to be the same as those reported inJp&tyis( Chem. A

2003 107, 5014). The rate coefficients for the removal of OH= 1) by acetone and acetodg-were

shown to be (2.6 0.15) x 10 and (3.454+ 0.24) x 10 cnm?® molecule® s™2, respectively, at 295 K.

It was shown that the enthalpy of reaction for the formation of an-@tkttone adduct is more that8 kcal

mol ™ (i.e., the adduct is bound by at most 8 kcal mplat 203 K. On the basis of these observations and
those from part 1, we deduce that the reaction of OH with acetone occurs through a hydrogen-bonded complex
that gives almost exclusively GB(O)CH, and HO. The atmospheric implications of our findings are
discussed.

1. Introduction the pathways for H atom abstraction and for OH addition to
the carbonyl-C, which could lead to production of acetic acid,
via ab initio quantum chemical calculations. In contrast to their
experimental findings, Vasvaet al. calculated a substantial
barrier for OH addition to the carbonyl-C. They also examined
a pathway where the H atom in OH approaches the carbonyl
oxygen atom to form a hydrogen-bonded six-membered ring
similar to that suggested for the reaction of OH with HN®\
fprevious report from our group has suggested a similar mech-
anism? Such a reaction pathway should yield §3O)CH, and
H,O. Vandenberk et &l.also theoretically examined the OH
addition followed by CH-elimination channel (1b), a direct
H-abstraction channel (1a), and an indirect H-abstraction channel
via a six-membered hydrogen-bonded OH-acetone complex (1a).
They found the barrier for OH addition to the carbonyl-C to be
(6.0+ 0.5) kcal mot?, at least 2.5 kcal mol higher than that
for the direct H-abstraction channel. They suggested that the
indirect H-abstraction channel, including tunneling, could
explain the low-temperature behavior &i. Aloisio and
CHg, i.e., channel 1b, to be 0.5 and 0.3 at 297 and 233 K, Franciscé?also calculated that a H-bonded six-membered ring
respectively. Vasua et al® measured the yield of G&(O)- OH—acetone complex is stable with respect to reactants by 5.3
CH; (acetonyl radical) from channel 1a to be 0.5 and concluded kcal mol (i.e., A\H° = —5.3 kcal mot?) at 300 K.
th_at the yield of acetic acid (channel 1b) was 0.5, in agregment In this paper we present our results on the products and
with Wollenhaupt and Crowley. While our work was N mechanism of reaction 1. First, we identify and quantify acetonyl

progress, Tyndall et dland Vandenberk et alreported upper and CDC(O)CD; (acetonylds) radicals, respectively, as the
limits of <10% and<5%, respectively, for the yield of acetic major, if not the sole, products of reactions 1 and 2.

acid in reaction 1 at 298 K. They concluded that reaction 1
predominantly (yield> 90%) proceeds via channel la.

In addition to the experimental studies, several groups have
investigated reaction 1 theoreticaly.” Vasvai et al3 explored

In part 1 of this papérwe have reported our results on the
kinetics of the reaction of OH with acetone, reaction 1:

OH + CH,C(O)CH, — products ()

Here, we discuss our measurements of the product yields in
reaction 1 and our investigations of the mechanism of this
reaction. The possible exothermic channels for the reaction o
OH with acetone include:
OH + CH,C(O)CH; — CH,C(O)CH, + H,0O

AH® = —21.0 kcal mol* (1a)
OH + CH;C(O)CH; — CH,C(O)OH+ CH,

AH® = —25.7 kcal mol* (1b)

Recently Wollenhaupt and Crowlgyeported the yield of

OH + CD,C(O)CD; — Products 2

Second, we present experimental evidence to show that the
* Corresponding author. Address: NOAA/ERL, R/AL2, 325 Broadway, acetic acid yield in reaction 1 is negligible. Third, we place an
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upper bound on the bond strength of a possible-@Ektone
adduct. Finally, we present a model for reaction 1 that accounts
for all of our experimental observations and reproduces the
measured values & as a function of temperature.
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Figure 1. Experimental apparatus used to measure the rate coefficients and products of reaction 1. The reaction of OH with acetone was carried
out in the neutral flow tube and the concentrations of reactants and products were measured using the ion flow tube (where chemical ionization
occurred) and the quadrupole mass spectrometer.

For atmospheric purposes, it is important to quantify the reactant gas (in bath gas) was added to the NFT through a 120-
products of reaction 1. If this reaction formed acetic acid, the cm, 0.64-cm diameter moveable Pyrex injector. The position
acid could lead to new particle formation and loss of acetone of the injector in the NFT could be varied along a 50-cm long
degradation products via rain out/precipitation before the reaction zone. The radical reactant (in bath gas) was introduced

products react to form species that generatey HIO the 16 cm upstream of the temperature-controlled region. Flow rates

atmosphere. of UHP He between 600 and 1500 STP3amin~1 in the NFT
produced linear flow velocities between 600 and 3000 ci s

2. Apparatus The pressure at the middle of the reaction zone was measured

. . . by a capacitance manometer. The reactor was cooled or heated

During this work we used pulsed laser photolysmilsed 1y hassing a temperature-controlled fluid through the jacket. A
laser induced fluorescence (PP-PLIF) to examine the possiblecyomet-alumel thermocouple, inserted through the injector,
formation of an OH-acetone adduct, to investigate SOme measured the temperature of the carrier gas in the reaction zone;
possible isotopic exchange reactions, and to measure the raigne yariation in the temperature of the carrier gas in this zone
coefficients for the removal of vibrationally excited OHAHX, was=<1 K. To minimize the effects of heterogeneous reactions,
v = 1) by acetone and acetodg- This apparatus has been 6 guside of the injector, the inside of the NFT, and the Pyrex
described in part 1 We also used a discharge flow tube coupled | 41ve were coated with halocarbon wax.
to a chemical-ionization mass spectrometer {HMS) to In the present study, the OH and OD radicals and Cl atoms
determine the rate coefficient of reaction 1 and the products of e produced in the source reactor (SR) attached to the NFT.
reactions 1 a.nd 2. o A microwave discharge produced H atoms. A constriction (15

A schematic of the chemical ionization mass spectrometer- jym longx 2 mm i.d.) between the microwave discharge region
flow tube apparatus is shown in Figure 1. It consisted of a flow and the SR minimized back diffusion into the discharge. The
tube reactor (hereafter referred to as the neutral flow tube, NFT) gR (20 cm longx 1.27 cm 0.d.) was coated with halocarbon

where OH reacted with acetone. A separate reactor, called theyax to reduce radical loss on its walls. This reactor was always
source reactor (SR), was attached to the NFT for radical maintained at room temperature.

generation. The NFT was coupled to an ion flow tube where  The H(D) atoms were generated in a low-powei3Q W)
reagent ions were generated and selectively reacted with themicrowave discharge through a 1% mixture o{Bk) in UHP
molecules of interest. A quadrupole mass spectrometer detecteqie. The hydrogen atoms (or D atoms) reacted in the SR either

and quantified the ions exiting the ion flow tube. Details of the wjth CI, to give CI (used for calibration of the acetonyl radical
ion flow tube, reagent ion generation, and the measurements °fsignal) or with NQ to give OH(OD) radicals:

reaction rate coefficients of neutral radical-molecule reactions

using DF-CIMS have been described previously!3 H(D) + CI,— CI + HCI(DCI) 3)
2.1. Neutral Flow Tube (NFT) and Radical Generation. H(D) + NO, — OH(OD) + NO 4)

The neutral flow tube reactor was a 150-cm jacketed Pyrex tube 2

with an internal diameter of 2.54 cm. The effluents of the neutral These reactions are fadtzfyy = (2.52 + 0.18) x 10! cm?

flow tube passed through a Pyrex valve into the ion flow tube, molecule’ s™* (ref 14) andkspy = 1.4 x 10~ cm® molecule’®

~50 cm downstream of the ionization source. The Pyrex valve s™* (ref 15); kagen) = ~1.3 x 1071 cm® molecule’! s (refs

controlled the gas flow rate out of the NFT and therefore its 16 and 17)] and were driven to completion99%) in the SR

pressure. Pressure in the NFT (33.2 Torr) was significantly ~ {[NOy] ~ (2—5) x 10 and [Ch] ~ (1—4) x 10! molecule

greater than that in the ion flow tube-Q.5 Torr). The excess cm 2 in the SR, reaction time (620 ms}.
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TABLE 1: lon —Molecule Reaction Schemes Employed in Detecting Various Radicals and Molecules in This Study

species to be detected reaction scheme ions deteunted ( sensitivity!
OH OH+ SR — OH + Sk OH™ (17) 2.5x 1C°
OH? OH+ CS —HS +0CS HS (33) 3x 10°
NO, NO, + Sk~ — NO; + Sk NO,™ (46) 1x 10
NO,?2 NO, + CS —NO, + CS, NO,~ (46) 2x 108
H(D) H({D) +CS —HS (DS) +CS HS (DS)/33 (34) 3x 10°
Cl Cl+ Sk —ClI+ Sk Cl~ (35) 1x 10w
CH3;COOH CHCOOH++ SR~ — CHsCOO™ + Sk + HF (CH;COOGsHF)~ (79) 3x 108be

— (CHsCOOHF)™ + Sk

CH;C(O)CH, CH3;C(O)CH, + CS, — (CH3C(O)CH»CS) (CH3C(O)CH»CS)~ (133) 5x 10°
CDsC(0)CD, CDsC(O)CD; + CS,” — (CDsC(O)CD»CSy) (CDsC(O)CD»CSy)~ (138) 5x 10°

2 Used when acetone was presérin the presence of % 10" molecule cm? of acetone in the NFTE The detection sensitivity for acetic acid
in the absence of acetone in the NFT was @0° molecule cm?®. 9 Sensitivities are in units of molecule cfin the NFT for ag/N =1 (see text).

2.2. lon Detection SchemesThe reagent ions for chemical at 59 and 79, acetic acid also produced a peak at mass 99, which
ionization, Sk~ and CS~, were produced by attachment of could be attributed to HECH;COO-HF)~, formed by clustering
thermalized electrons to $Rand C$, respectively. A small of an (CHCOOHF)~ ion with HF, which was unavoidably
fraction of the reagent ions reacted with the reactant and productpresent in the ion flow tube.
molecules of interest from the NFT to generate the ions that
were detected by the quadrupole mass spectrometer. The(CH;COOHF) + HF —[CH,COOGs(HF),]

concentrations of the detected ions were proportional to the m/e= 99 amu (9)
products of the concentrations of the neutral molecules and the
rate coefficients for their reactions with the reagent ions. Acetic acid was quantified by monitoring only mass 79. In acetic

The ion—molecule reactions employed to detect various acid yield experiments, the initial concentration of OH was
reactants and products in our experiments are listed in Table 1.determined via reaction 5 before addition of acetone.
2.2.1. OH and N@Detection The OH radicals from the NFT 2.2.3. Detection of Acetonyl Radical, @{O)CH.. CS~ was

reacted with SF in the ion flow tube to generate OH used as the reagent ion. The signaié = 133 was observed
in the mass spectrum upon generation of acetonyl radical via
OH+ SF; — OH + SK; (5) reaction 1 in the neutral flow tube. The peaknale = 133 is

assigned to the cluster of acetonyl radical with,C®n the
We used reaction 5 in some experiments. However, in the basis of the dependence of its count rate on the OH radical
presence of a large quantity of acetone; {D) x 10* molecule concentration: it depleted linearly upon decreasing, XlGw
cm™2 (in the ion flow tube), OH reacted with acetone in the in the hydroxyl radical source, and it disappeared upon switching
ion flow tube. Therefore, a sufficient concentration of CS off the microwave discharge (no H atom generation). The
(~3 x 10 molecule cm®) was added to the ion flow tube  detection of acetonyl radical was confirmed by producing it via
reactor downstream of the ion source to completel@4%) the reaction of chlorine atom with acetone
convert OH to HS .13

Cl + CH,C(O)CH, — CH,C(O)CH, + HCI  (10)
OH + CS,—HS + 0CS (6)

and observing the same ionrate = 133. The addition of only

Thus, the OH radical was detected as H$ mass 33. ODwas  acetone to the ion flow tube in the presence oL C8id not

detected in a similar way as D&t mass 34. (HSand DS lead to signal atm/e = 133. The exact structure of the
did not measurably react with acetone.) (CH3C(O)CH»CS)~ cluster and the ionmolecule reaction
NO, was converted to N© via reaction with SE". scheme leading to its formation were not investigated. We also
used the reaction of Cl with GT(O)CD; to produce CRBC-
NO, + SF, — NO, + SF; @) (O)CDy,, which was detected as an adduct with,C&t mass

138. There was no mass peak observedvat= 138 in the
The product ion signals (OH HS™, and NQ™) were propor- absence of CBC(O)CDs. This observation further confirmed
tional to the concentrations of OH and W@t the exit of the the detection of the acetonyl radical. We found that HCI,

neutral flow tube. The CIMS signals for OH and Bl@ere produced in reaction 10 and from the subsequent chain reaction
calibrated to the concentration of these radicals in the NFT as of acetonyl radical with Glpresent in the NFT (see below),
described previousli? reduced the observed (GE(O)CH,»CS)~ signal atm/e =133.

2.2.2. Detection of Acetic Aci®R;~ was again used as the 2.3. Materials. UHP He (99.9999%) with flow rates between
reagent ion. Acetic acid reacts rapidly withsSkia F~ transfer 600 and 1500 STP chmin~! was used as bath gas in the NFT.

to give (CHCOOGsHF)~, which was detected at mass 79: A mixture of 0.5% NQ in UHP He was prepared manometri-
cally and stored in a 12-L darkened glass bulb. Dilute mixtures
CH,C(O)OH+ SF; — (CH,COGHF) + Sk of Hz, Dy, and C} were either prepared on-line or taken from

m/e= 79 amu (8a) manometrically prepared stock mixtures. The concentration of
B Cly in the mixture was checked by UV absorption at 330 nm
— CH,COO + Sk + HF (0ci,= 2.55 x 1071 cn? molecule) using a B lamp/diode
— array spectrometer combination.

m/e= 59 amu (8b) Acetone (acetonds) vapor was diluted with He and the
The CHCOO™ (m/e = 59) produced by channel 8b was not concentration of acetone (acetotg-in this mixture was
used in quantifying CkC(O)OH because of a interfering signal measured in a 10-cm absorption cell at 298 K, using a Hg lamp
atnve of 59 attributed to (HR)F. In addition to the mass peaks at 184.9 nm (see part 1p-o4"™ = 298 x 10718 cnP

acetone
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N
=3

molecule™; oycomoneq, = 3-91x 10718 cn? molecule™?). This
mixture was added to the gases flowing through the NFT. The
concentration of acetone (acetothg-in the NFT was calculated
from the measured concentration of acetone (acetighie-the
absorption cell, the flow rates of the gases entering the
absorption cell and the NFT, and the pressures and temperatures
of the absorption cell and the NFT.

All flow rates were measured with electronic mass flow
meters, which were calibrated by flowing the gas in use into a
known volume and by measuring the rate of pressure change 00 02 04 06 08 1.0 12 14
in that volume. Pressures were measured using calibrated
capacitance manometers.

-
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Figure 2. A plot of signal from OH produced by adding known
; concentrations of N@to an excess of H atoms versus concentration
3. Experiments and Results of added NQ. Such plots were used to calibrate the OH signal.
We present here the determinations of the rate coefficients
of reaction 1 in the temperature range 23%3 K and the yields peak in the absence of OH. In some experiments, OH radical
of CH3C(O)CH, and CHC(O)OH in reaction 1 between 237 was generated using reaction 4 in the source reactor and was
and 353 K using DFCIMS. We also present the determinations calibrated in the same way; the signals were the same. This
of the upper limit for the bond enthalpy of the Gtdcetone established that the loss of OH before the NFT was not
adduct, the rate coefficient for the removal of OH=t 1) by significant.
acetone, and the rate coefficient for the exchang&@H to Calibration of Acetic Acid SignaWe used two acetic acid
160H by reaction with acetone. For ease of presentation, we standards: a manometrically prepared mixture of acetic acid
describe the relevant experimental details along with the and helium in a Pyrex bulb and a commercial permeation tube.
obtained results. We took into account the fraction of the acetic acid present as
3.1. OH + Acetone Rate Coefficient,k;. The rate coef- dimers Keq = 6.8 x 10717 cm® molecule® at 298 K}® in the
ficients for the reactions of OH with acetorlg, and acetone- manometrically prepared mixture. The permeation tube consisted
ds, ko, were measured under pseudo-first-order conditions in of a thin-wall Teflon tube that contained liquid acetic acid. It
[OH] with a large excess of acetone (3 10'3 to 3 x 10 was placed in a Teflon assembly (8 cm lorgl.5 cm i.d.),
molecule c¢cm?), which was introduced to the NFT via the which was placed in an oven maintained at 333 K. According
moveable injector. Such a procedure is described elsewhere. to the manufacturer, acetic acid permeated through the Teflon
The variation of OH concentration, as measured by the HS wall with an emission rate of 658 ng mihat 333 K. Helium
ion signal, with the injector distance from the detector was used carrier gas at-600 Torr was flowed through the assembly with
to derive the pseudo-first-order rate coefficient for the loss of a typical flow rate of~80 STP crd min~1. The acetic acid/He
OH, k', wherei = 1 and 2 for acetone and acetotg- mixture entered the NFT with the main stream of the carrier
respectively. This rate coefficient is equal t&[#cetone/ gas. The concentration of acetic acid in the NFT was calculated
acetonedg] + kg) and it was measured at various concentrations from the emission rate, total flow rate, and pressure in the NFT;
of acetone or acetord. From the variation ok;' or ko' with typically, the acetic acid concentration was2.5 x 101
acetone or acetong-concentrations, the rate coefficietor molecule cm® but ranged from 2« 10'°to 7 x 10 molecule
k. was determined between 238 and 353 K. The obtained ratecm™3. Since its concentration in the neutral flow tube was low,
coefficients are discussed in part 1 along with those measuredacetic acid existed only as the monome®@.995% monomer).
using PP-PLIF. The CIMS signal of acetic acid was plotted against its calculated
3.2. Determination of the Products of Reaction 1.To concentration and the two sources agreed to within 5% after
quantify the yields of CHC(O)OH and CHC(O)CH,, it was accounting for the dimers that existed in the Pyrex bulb. The
essential to know the concentrations of reactants lost andplot was linear between & 10°to 1 x 10* molecule cnm?3
products formed. We calibrated the response of the CIMS to and yielded a small positive intercept consistent with the
the reactant, OH, and the products, acetic acid and acetonylmeasured background signal in the absence of acetic acid.

(CH3C(O)CH,) radical. Detection sensitivity for acetic acid was determined to be 3
3.2.1. Calibration of Reactant and Product Signals. Calibra- 10° cm™3 in the presence of (23) x 10' molecule cm? of
tion of OH Signal A mixture of H; in He ([Hz] &~ 5 x 10'2 acetone (same as in actual experiments) for a signal-to-noise

molecule cm3) was passed through a microwave discharge and ratio of unity for 10 scans (defined in a manner similar to that
flowed into the NFT. Various small measured concentrations for OH).

of NO, were introduced through the moveable inlet (injector) 3.2.2. Yields of Products. Yield of Acetonyl ({CHO)CH,)/

to completely convert NeXo OH. Hydrogen atom concentration  (CD3C(O)CDy) radical (Channel 1a)Known concentrations of
was in great excess over that of NO'he OH signal was acetonyl radical were produced by the reaction of Cl atom with
recorded as a function of [N(P(Figure 2). The concentration  acetone (reaction 10), which is known to almost exclusively
of OH was taken to be the concentration of added,NIhe (>97%) give this radical? Small concentrations of H atom were
measured OH signal varied linearly with [OH] for concentrations produced in the microwave discharge and titrated in the SR with
up to 1x 102 cm=3. The sensitivity for OH detection was 2.5 NO, or Cl, to produce OH or Cl in back-to-back experiments
x 108 cm~3 in the neutral flow tube for a signal-to-noise ratio with [H] kept constant. Thus, the initial concentrations of
of unity for 10 scans (10 ms residence time on the peak for hydroxyl radical ((OH}) and chlorine atom ([C}) in the NFT
each scan with a mass resolution of 0.1 amu). The signal-to- were the same. The yield of GB(O)CH, radical in reaction 1
noise ratio is defined as the ratio of the count rate (Hz) at the relative to that in reaction 10 was determined by monitoring
specific mass peak in the presence of OH to the standardmass 133, (CEC(O)CH»CS,)™ cluster, first with C} flowing
deviation of the count rate (Hz) from 10 scans at the same massthrough the SR to produce Cl atom (with M®ypassing the
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TABLE 2: Measured Yield of Acetonyl Radical, ®,, in Reaction 1, Relative to that from Reaction 10, and the Experimental

Conditions under which ®, was Determined

PNFT [OH]SR [OH]NFT [acetona],FT
T (K) (Torr) (102 molecule cm®) (10 molecule cm®) (10" molecule cm?®) (Ord [@alH- 20°
OH + Acetone
242 1.5 4.7 3.7 3.1 0.89 0.870.06
0.85
270 1.4 3.7 2.7 2.05 0.98 0.970.05
0.97
0.98
0.93
296 3.1 4.3 4.9 1.8 0.93 1.060.20
0.98
0.92
1.19
1.16
1.05
1.09
296 1.1 4.8 2.9 0.8 1.02 0.990.10
0.95
296 2.0 4.8 4.2 1.45 1.05
296 1.6 5.3 4.7 1.85 0.85 0.870.06
0.89
296 1.6 3.7 3.1 1.85 0.91 0.920.02
0.93
296 1.1 2.6 1.65 0.8 0.92 0.950.07
0.97
351 1.6 2.4 3.1 1.9 0.83 0.920.11
0.92
1.00
0.96
0.91
OH + Acetoneds
296 2.1 5.2 4.3 4.2 1.09
296 2.1 5.8 5.2 3.2 1.01
350 2.0 5.3 3.5 25 1.18
OD + Acetoneds
296 2.0 6.1 4.0 2.5 1.16
OD + Acetone
296 2.0 7.0 5.8 25 1.28

aNFT, neutral flow tube; SR, source reactbd, = Ratio of the normalized signals of acetonyl radical produced in the reactions of OH with
acetone and of Cl with acetoneAverage of ratiosb, at each temperature.

SR into the NFT) and then with NGlowing through the SR
to make OH (with Gl bypassing the SR into the NFT). To
ensure that the sensitivity for the detection of LLO)CH,

radical did not change between the two back-to-back experi-

2). Even substitution of OH by OD produced acetonyl radical
with a yield of unity.

Uncertainties in the measured yield of acetonyl radical in
reaction 1 come from the uncertaittyn the yield of acetonyl

ments using OH and CI, flow rates of all the reactants and buffer radical in reaction 10 and the possible inequality between §OH]
gases were kept constant. Mass spectral scans showing the massd [Cl}. Differences in the wall loss rates of the reactant OH

peaks atn/e = 133 for 296 and 242 K are plotted in Figure 3.
The small background at/e = 133 with the microwave
discharge off was subtracted from the signals from;C(D)-
CH, radical. The ratios of the signals from reaction 1 to that
from reaction 10 are listed in Table 2. Our measured yield of
CH3C(O)CH, radical from the OH reaction is slightly smaller
than that from the Cl reaction. This smaller than unity relative
yield could be attributed to the higher wall loss and/or faster

or Cl, and the loss rates of the product acetonyl radical under
different conditions, would also contribute to the uncertainty.
Radicat-radical reactions are unimportant under these condi-
tions. Nielsen et al® determined the yield of C¥€(O)CH,
radical in reaction 10 to be 97%; small amounts of Ci€lI

and CHC(O)Cl were also detected. We carried out a numerical
simulatiorf® of the reactions that can occur in the SR and thus
contribute to an error in the measured value of the acetonyl

self-reaction of OH compared to Cl in the source reactor rather radical yield. Loss of Cl atom due to recombination and wall

than a truly different yield of CEC(O)CH, from reactions 1

loss is small. It was calculated that the concentration of OH

and 10. The measured yields were the same, within the dropped by~8% (mainly due to its self-reaction), when [H]

experimental uncertainty, when the pressure3ITorr), tem-

perature (242351 K), or the concentrations of OH (and hence
Cl) were varied. The average value is 0.99 0.11 ().

Assuming the previously reported yield of acetonyl radical from
reaction 10 of 0.97? we obtain an average yield in reaction 1
of 0.96+ 0.11. Thus we conservatively assign a lower limit of
>0.85 for the yield of acetonyl radical in reaction 1. We

was 5x 102 cm2 in the source reactor. The yield of acetonyl
radicals was not strongly affected by any small OH loss because
[OH] in the SR was kept lower than & 10*2 radical cn73 in
the majority of the experiments. Thus, the lower limit of 0.85
appears to be valid.

In the main neutral flow tube, the acetonyl radical should
react with C}, producing Cl atom, which in turn would react

obtained similar ratios (within the measurement uncertainty) of rapidly with acetone to regenerate acetonyl radical. The
the OH to Cl reaction yield in the case of reaction 2 (see Table regeneration of acetonyl radical and the production of HCI by
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¢ 5r 7 296 K) with the following reagents added to the flow tube: only OH
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Figure 3. Mass spectra of the effluents of the neutral flow tube with € uppe tto the yield of acetic acid from reactio as

different reagents added to the flow tube at 296 K (upper panel) and f[hen obtained by compa}rlng the amount of acetic acid present
242 K (lower panel). Mass scans with only OH, OH and acetone, CI in Step 3 to [OHj. The signal level in step 4 was not affected
and acetone, and only Cl added to the neutral flow tube are shown. by the presence of OH. Results for the yields obtained using
For T = 296 K (upper panel), [OH]= [Cl]o = 3.1 x 10 radical this method, between 237 and 353 K, are listed in Table 3, along
cm® and [acetonel= 1.85 x 10" molecule cm?®. For T = 242 K with the experimental conditions used for the measurements.
('O;’Vir pi‘gg'): [?Halz [(F;'T]so ?h3'7x d101:_radi<;a| °T3 alnd ga}celto?e] Because the signal we saw in step 3 could have come from
=o.1x molecule cm-. € production or acetonyl raaicals frrom . P
the reaction of OH with acetonepand Cl with acetong at two different SOUces other tha_n reaction 1, we quote these as upper limits.
temperatures is clearly visible. The loss of OH in Fhe source reactor due to self-reaction cogld
be important at high concentrations of OH, because its
reaction 10 was the same in both the OH and the CI reactions,concentration in the SR is almost an order of magnitude higher
because essentially the same concentration pfM@k present  than that in the NFT. Therefore, [OH)in the NFT) was
in both cases. The regeneration reduced the loss of acetonyimaintained in the range {436) x 10'° molecule cm?. To
radical in the NFT, but the HCI it produced reduced the observed ensure minimal loss of OH in the NFT, the concentration of
acetonyl signal (equally for both the OH and Cl reactions). The acetone was kept high enough~2 x 10 molecule cm?) to
concentrations of HCI produced in this regeneration could be react away all OH within 10 cm (flow velocities 66800 cm
higher than [Cl}: [HCI] in the neutral flow tube could reach 6  s%) after mixing.

x 102 molecule cm® when [Clp was 2x 10 molecule cm?. Acetic acid yield in the reaction of OD with acetone
Thus, the observed acetonyl radical signal would be decreased,

although the radical concentration would not decrease in the OD + CH,C(O)CH, — CH,C(O)CH, + HOD (11a)
NFT. However, we maintained [Obland [Cl} at <6 x 10

cm3, thereby limiting the amount of HCI formed to less than — CH;C(O)OD+ CH; (11b)

2 x 102 molecule cm?® which avoided any significant

interference in the quantification of acetonyl radical. at 296 K was determined to be0.001, which was essentially

Yield of Acetic Acid,®,. The yield of acetic acid was the same as that for reaction 1 (Table 3). Although the mass
determined by monitoring mass 79 (gEOOHF™) by scanning peak would be expected afe = 80 if CH3C(O)OD is formed,
the mass range between 74 and 82 amu in the following because of HD exchange in the ion flow tube, we detected
sequence: (1) with only OH present, (2) with acetone present the peak atn/e = 79. We could not measure the yield of acetic
but no OH, (3) with the OH source on and acetone present, (4) acid-ds in the reaction of OH with acetorgi-because the signal
with OH and acetone present and a known concentration of expected at mass peak 82 had a large background. These
acetic acid added to the neutral flow tube. A sequence of scansexperiments clearly show that the yield of acetic acid is
for steps -4 is shown in Figure 4. The concentrations of added negligible (<1%) in reactions 1 and 11 under the conditions of
acetic acid (in step 4) for the data in this figure were roughly all of our experiments.
equal to that expected from reaction 1 if the yield wei2% The small variations in the upper limits for the yields shown
(in step 3). The initial concentration of OH, [Oljn the NFT in Table 3 were due to the signal that could be attributed to
was held constant through the sequence (except in step 2) andgcetic acid, which was always near our detection limit. If a very
was quantified before and after each experiment, as describedsmall concentration of acetic acid were produced in reaction 1,
before. The upper limit for the concentration of acetic acid it could have been lost heterogeneously on the flow tube wall
produced by reaction 1 was determined by subtracting the signaland thus appear to not have been formed. However, small
atm/e = 79 obtained in step 2 from the signal obtained in step amounts of acetic acid that were intentionally added were not
3 and then comparing this signal level to the additional signal lost. Also, variation in [OH] by a factor of~9 (and hence the
at the same mass present in step 4. The sigmaleat= 79 with concentration of possible acetic acid produced) did not change
just OH and its precursors present, i.e., step 1, was very small.the observed yield of acetic acid. The concentration of acetic
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TABLE 3: Measured Yield of Acetic Acid, ®y, in Reaction 1, and the Experimental Conditions under whichd®,, was
Determined

P [acetone] [acetic acid} [OH]o [acetic acid}
T (K) (Torr) (10> molecule cm®) (10 molecule cm®) (10 molecule cm®) (10° molecule cm?) Dy°
OH + Acetone
237 3.1 0.8 4.55 6.3 2.8 0.0045
237 3.1 0.8 4.64 23.0 6.9 0.003
238 11 11 0.88 4.4 2.6 0.006
296 3.2 1.3 6.69 225 26 0.0117
296 31 2.3 4.05 36.0 22 0.006
296 3.1 2.6 3.54 9.4 1.9 0.002
296 3.1 25 3.75 10.0 5 0.005
296 3.1 2.6 0.26 12.0 0.72 0.0006
296 3.1 2.6 0.26 12.0 0.84 0.0007
296 3.0 2.8 0.26 23.0 16 0.0007
333 3.2 2.6 0.28 13.6 0.95 0.0007
333 3.2 2.6 0.28 125 0.62 0.0005
353 2.9 2.1 0.4 9.1 1.8 0.002
353 3.2 2.3 0.4 9.2 0.46 0.0005
353 3.2 2.3 0.29 10.8 11 0.001
OD + Acetone
296 3.0 2.8 0.26 23.0 16 0.0007

2 Added to the flow tube for signal calibratiohUpper limit of acetic acid produced in reaction¢id, was calculated from the signal obtained
from reaction 1, the signal from the small known amount of acetic acid added to the NFT, and {Jk permeation tube was used as the source
of the known concentration of G&(O)OH. In other experiments, a stock mixture of acetic acid in He was used (see text).

acid added to this system was changed by a facte/3& (Table
3) with no measurable loss in its concentration or in the 10°
determined upper limit. Finally, the signal due to a known acetic
acid concentration was the same in the presence and absence
of OH. (OH reacted rapidly with the high concentration of
acetone present). Thus, we believe that there was no significant
loss of acetic acid on the flow tube wall or due to secondary
reactions. We conservatively assign an upper limit to the acetic
acid channel of<1%. 2

In summary, our results show that the yield of acetic acid 10" |_time (us) L L ,
(channel 1b) is very smalK(0.01). The yield for acetonyl radical 00 05 10 15200 28
(channel 1a) is essentially unity at temperatures between 242 time (10" ps)
and 351 K.

3.3. Search for an OH-Acetone Adduct.If an OH—acetone 10
adduct bound by more than10 kcal mot? is formed in
reaction 1, its existence will manifest itself in measured temporal
profiles of OH and the signal levels of OYiHere, we derive
an upper limit for the binding energy of an adduct using two
methods: (a) from the observed temporal profiles of OH and
(b) from the decrease of LIF signal upon the addition of varying
amounts of acetone/acetodg-To account for the decrease in 2
LIF signal due to the removal of OHEE)* by acetone, we 1 | _
also measured the rate coefficieky, for this process. 0 2 4 6 8 10

The apparatus and the experimental technique used here are time (10° ps)
much the same as those used for measuring the rate coefficientgigure 5. The temporal profiles of OH measured using PP-PLIF at
for reactions 1 and 2; they are described in pattThe data 203 K in the presence of 4. 10" molecule cm? of acetone (upper
acquisition methodology is similar to that used in previous panel) and 3.3x 10" molecule cm? of acetoneds (lower panel).
studies?2.23 Exponential profiles in both cases show no evidence for equilibration

(a) We derive here an upper limit for the binding enthalpy of OH with the OH-acetone complex. The experiments were carried

out in 100 Torr of He.
of an OH-acetone complex based on the measured temporal
profiles of OH in the presence of acetone. If adduct formation of the complex is much faster than its rate of formation under
reaches equilibrium in tens or hundreds of microseconds, thethese conditionsy is determined by the decomposition rate
OH temporal profile may be nonexponential. In the case of constantk.. Hencek: must be greater than (&)1, i.e.,>1(P
reaction 1, the temporal profiles were strictly exponential over s™1. The ratio of the bimolecular rate constamt) (for the
at least 2 orders of magnitude of [OH] at all temperatures and formation of the complex to its decomposition rate constiat (
time scales examined in our study (see Figure 5). The shortestis the equilibrium constank, i.e., ki'k; = K. Fork;, we have
delay time between the photolysis and probe lasers was 2 an upper limit of 2.67x 107! cm® molecule’! s™%. This is the
Conservatively, we assume that if the adduct were formed, therate coefficient for the removal of OHv(= 1) by acetone
relaxation time,r, to reach equilibrium was less than 18, determined in this work (see section 3.4), which should be
i.e., 5 times longer than the shortest delay between the photolysissimilar to the rate coefficient for the formation of an ©H
and the probe lasers. Assuming that the rate of decompositionacetone complex in the limit of high pressure. Thus, we arrive

T T T
OH+acetone
T=203 K E

OH LIF signal (mv)

OH LIF signal (mv)

PR

T I I I
OH+acetone-d;

T=202 K

OH LIF signal (mv)

OH LIF signal ( mv)

o umo

time (qs) L
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®

Figure 6. First order loss rate coefficient for the removal of

electronically excited OH (&) as a function of [acetone] at 296 K .

(filled circle) and 239 K (filled square). The slopes of the plotslare

at an upper limit of 2.6 1016 cm?® molecule’! for K. at 203 Figure 7. Two proposed structures for the adduct formed in the reaction
K. This equilibrium constant leads to a valuelf (referenced ~ of OH with acetone. Complex A is a hydrogen-bonded six-membered
to standard states) of less than 9. 20° at 203 K and a standard ~ fing structure® Complex B iso-hydroxyisopropoxy radical, (C4#C-
Gibbs free energy changa,G° (=AH° — TAS’), of greater (OH)O, suggested by Wollenhaupt and Crowdey.
than—3.7 kcal mott. Assuming an entropy changA%’) for 5 — T .
a weakly bound complex of 20 cal mol! (AS’ = —22.8 cal
mol~! for H-bonded complex with acetone at 200 K, from
Aloisio and Francisc¥), A;H° is greater than-7.8 kcal mot?

at 203 K.

(b) Another way to explore the possible formation of an
adduct, even though the temporal profiles of OH were expo-
nential, is to look for a decrease in the OH signals as the
concentration of acetone is increased. Indeed, we noticed during
our experiments that the OH signal decreased upon addition of 1
acetone (acetongs) to the reaction mixture. The decrease is
due, at least in part, to the removal of electronically excited

O without O, 0]
O with [0,] = 2 x 10" molecule cm™

4

k,-k, (10°s™)

OH radicals (4=") by acetone. Both adduct formation and % 1' ; 43

removal of OH (&=") occur together; thus, removal of OH [acetone] (10'® molecule cm™)

(AZZ*) by acetone could mask the adduct formation. We have Figure 8. A plot of the pseudo-first-order rate coefficients for loss of
measured the rate coefficiekg, for the removal of OH (A=") OH (corrected for the loss in the absence of the readkgnts acetone
by acetone, using a method described elsew#eFae pseudo-  concentration inr~2 x 10" molecule cm? of O, and 100 Torr N
first-order rate coefficients for the removal of OHZ®), ky, (open square) and only 100 Torr of Kbpen circle) at 213 K.

as a function of acetone concentration are plotted in Figure 6.
The measured values & for acetone are (in units of cm
molecule®s™1): (7.8+ 0.3) x 10 %at 296 K and (7.4t 0.1)

x 10710 at 239 K. The rate coefficient for the removal of OH
(A%=") by acetoneds at 296 K is (7.6+ 0.1) x 10710 cmd
molecule’l s™1. To our knowledge these rate coefficients have . .

not been reported before. Our data indicates that, regardless of OH-CH,C(O)CH; + O, — products (12)
temperature or isotopic substitution, the rate coefficients for the
removal of OH (&R=*) are essentially the same, and they are
large. We measured the initial OH signals from fixed levels of
OH in the presence of various concentrations of acetone at 239
and 221.5 K. The OH temporal profiles were strictly exponential.
Analysis of these signafs, after accounting for the signal
reduction due to quenching (using the rate coefficients reported

A 1 St

a.bo.\ll €) trestl;]lt(ad 'ImrH i7 87.13 k;:al njwr?‘r ‘EE[ 2.39 dKf' Th'strlls if formed it does not significantly react with OAssuming

simiiar Od OeHVta ue | : f_lca (TO ) 0 dalr;)e ro_:_r;] eb conservatively that a 10% increase in the rate coefficient upon

measurec emporal profiles discussed above. The above,yqiinn of Q would be observable, that such an increase would

upper limits are consistent with the standard enthalpy of reaction be linear in [Q], and that the upper limit for the binding

for the formation of a hydrogen-bonded complex (complex A enthalpy is—7.6 ](0al mot™ at 213 K, the value fok is <3

in Figure 7) of—7.2 kcal mot?! at 200 K calculated by Aloisio % 10-16 e molecule? s-2 '

and Franciscd? This small binding energy is consistent with 180H Experiment We aléo examined the possibility of a

our inability to observe the adduct. We can confidently conclude : h H h ith HOH:

that if an adduct is formed, its binding enthalpy is less than 8 reaction wheré®OH exchanges with acetone fo giviOH:

kcal molt at 203 K. 18 16 -
It is also possible that the adduct, if it is formed and it lives OH + CH,C("0)CH, — products (132)

long enough, could be scavenged by other reactants. Such —»160|-|+c|-|3(:(180)c|-|3

scavenging by @has been observed in many systems, e.g., in (13b)

reactions of OH with aromatic¥;?> CS,,1” and DMS?'’ Scav-
enging by Qs particularly important for atmospheric purposes,
since the rate coefficient for acetone loss in the atmosphere could
be larger if an adduct is formed and it reacts with O

If reaction 12 were fast, it would affect the OH decays in the
presence of @ In all of our experiments, when oxygen was
present (ca. 2< 10" molecule cm?) in the reactor, the OH
decays were exponential. Several value&;aheasured in the
presence of oxygen do not differ substantially from those
measured in He or Nin the absence of £e.g., see Figure 8).
This suggests that either a stable complex is not formed and/or
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TABLE 4: Reactions Used in the Numerical Simulation of*OH Temporal Profile in the Reaction of 80H with Acetone and

their Rate Coefficients at 250 K

reaction

rate coefficient (chmolecule s™%) ref

180H + CHyC(150)CHs — 180H + CH5C(**0)CHs
180H + CH3C(**0)CH; — products
160H + CH3C(**0)CH; — products
180H + O3 — H1#00 + O,
%0H + O3 —~HO, + O,
HO;, + 03— %OH + 20,
H220%0 + O3 — ¥0H + 20,

— 160H + O, + %00
180H — loss
60H — loss
160H + H!%0 — 80H + H,'%0

T T T —

[®0H] = 1.2x10"'cm™ ]
[ac:etone]=10‘15><101scmg 4

"%0H signal (10° mv)

1
0 0.5

1.0 2.0
time (10° ps)
Figure 9. Simulated and measured temporal profiles'®®H] created

by 248-nm photolysis of an #H,®0/acetone mixture at 250 K. The
[*%OH] profiles resulting from different fractions of reaction 13 that

1.5

variable (see the text)
variable (see the text)

1.43< 101 this work
3.7 x 107* (same a3®0OH + O3) 17
3.7x 10 17
15x 1071 17
1.5x 1071 17
0

50 s? 30
50 st 30
5.2x 10°Y 31

upper limit of 7 x 10715 cm® molecule® s71 (or 4% of the
total reaction rate coefficient) for the rate coefficient for this
exchange reaction.

3.4. Rate Coefficients for Removal of OH ¢ = 1) by
Acetone and Acetoneds. The purpose of these experiments
was to determine the rate coefficient for the formation of the
possible OH-acetone complex. It has been argued that an
estimate for the rate coefficient for the formation of a reactive
complex of two species can be obtained by measuring the rate
coefficient for removal of one species, excited with one quanta
of vibration, by the other specié%:28 Therefore, we measured
the rate coefficients for the removal of Old € 1) by acetone
and acetonek

OH (v = 1) + CH,C(O)CH, — loss of OH ¢ = 1) (14)
OH (v = 1) + CD,C(O)CD, — loss of OH ¢ = 1) (15)

lead to exchange are shown: a, 50%; b, 10%; ¢, 5%; and d, 0%. The USing & method described by McCabe et®a@H (v = 1) was

observed TPOH] profile indicates that the rate coefficient for the
exchange is<7 x 1071% cm® molecule s™%. Curve e is a linear least-

produced by the 248-nm laser photolysis of nitric acid. The
temporal profile of OH ¢ = 1) was monitored via LIF by

squares fit to data points. The mechanism used for the simulation is exciting the Q(1) line of the £=*(v = 0) — X2II(v = 1) band

shown in Table 4.

Wollenhaupt et al. suggested thatoahydroxyisopropoxy

radical structure, shown as | below, formed when the oxygen

160
|
CH; - C—CHj
SO

(air = 345.8516 nm) and monitoring the fluorescence from the
AZZH(p = 0) — XI(v = 0) band at~308 nm. The analysis of
the temporal profiles of OHi(= 1) in the presence of various
concentrations of acetone and acetogsrelded ki4 and kis
values of (2.67+ 0.15) x 107! and (3.45+ 0.24) x 10711

cm® molecule® s71, respectively, at 295 Kky4 andks are upper
limits for the rate coefficients for OH and acetone/acetdge-
complex formation. We have used this value to place an upper
limit for AH° for the formation of an adduct, as described
earlier. Also, the facts that reactions 14 and 15 are fast and the

atom from hydroxyl radical attacks the carbonyl-C in acetone rate coefficientsk4 andkis are similar in magnitude support

(complex B in Figure 7), could be the route for the formation
of acetic acid.

the hypothesis that OH and acetone indeed form a complex.

If the reaction takes place by this mechanism, it is possible 4. Discussion

that the hydrogen atom could shift from tH© to thel®O and
the 160OH radical may be released. At 250 K, we looked for the
possible appearance 8OH in reaction 13b upon reaction of
180H with acetone using LIF as described in part The
observed®H temporal profile {*OH and'®0OH were generated

in equal amounts) was strictly exponential for at least two

lifetimes (see Figure 9). The measured rate coefficient for

4.1. Product Yields: Comparison with Previous Measure-
ments.We have assigned an upper limit for the branching ratio
for the channel in reaction 1 that leads to acetic akiglk;, of
<1%. We have also shown that @E{O)CH; is the primary
(>85%) product of reaction 1. Wollenhaupt and Croviley
measured methyl radical formation resulting from reaction 1b
using an indirect method. They converted methyl radical to

180H loss (see part 1) should show an increase over the ratecH,0 via reaction with N@ and measured the formation and

coefficient for'®OH if an exchange occurs. However, the rate
coefficients for the loss dfOH and'®OH were the same within
the experimental uncertainty (see part 1). Th@H temporal
profiles were computeél using the appropriate reactions and
their rate coefficients (listed in Table 4) for various fractions
of reaction 13 yieldingt®0OH. Curve d in Figure 9 shows the
profile expected for®OH when80OH did not exchange with
CH3C(*%0)CHs. On the basis of such simulations, we place an

decay of CHO radicals.

CH; + NO,— CH;0 + NO (16)
They extracted the branching ratio= (kiy/k;) from the fit of
the measured temporal profiles of @M using a computer
simulation of a fairly complex reaction mechanism. They
determinedx to be 0.5 and 0.3 at 297 and 233 K, respectively.
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These results are surprising. One would expect thatould Wollenhaupt and Crowléyreported detecting C4®, pro-
increase with decreasing temperature because channel 1b is aduced presumably from the reaction of ©tddicals with NQ,
adduct-elimination pathway. The authors acknowledged this and deduced the yield of GHn reaction 1. They considered
puzzling feature. Vasvaet al2 reported the yield of acetonyl  various possibilities, aside from reaction 1, that could have led
radical (channel 1a) to be 50% relative to the reaction of F atom to CHs production and concluded that Gi a primary product
with acetone. They used a discharge flow tube equipped with of reaction 1. There are many secondary reactions in their system
resonance fluorescence detection of OH and laser-inducedthat could eventually lead to GB.Vandenberk et &.have
fluorescence of CEC(O)CH.. They concluded, by subtraction, discussed some of these reactions and the reasons for the large
that the acetic acid yield is roughly 50%. Vandenberk €t al. CHzyield measured by Wollenhaupt and Crowfdyis possible
recently reported an upper limit 6f5% for the acetic acid  that Wollenhaupt and Crowley detected a species other than
producing channel 1b based on experiments carried out in aCHzO. Alternatively, subsequent reactions of ££O)CH, may
discharge flow tube equipped with an electron impact mass also have contributed to the detected {OH Last, if reaction
spectrometer for direct detection of acetic acid. Tyndall ét al. 1c (see below) were to occur, it could also lead tosOH
studied reaction 1 in 1 atm of air at 296 and 251 K. They used However, as shown below, the branching ratio for channel 1c
in situ detection of the products by FTIR in a multipass cell. is small and cannot account for all the €M detected by
They did not observe any acetic acid production and reported Wollenhaupt and Crowley. In any case, given the indirect nature
an upper limit of<10% for the yield of acetic acid (channel of their experiments and the many secondary reactions that may
1b). They concluded that the reaction of OH with acetone lead to CHO, quantification of CH yield in their study is
proceeds predominantly>©0%) via H-atom abstraction. difficult. Furthermore, given the small yield of GB and the

The results of Vandenberk et &Tyndall et al4 and this difficulties in detecting it, it does not appear prudent to use the
work appear to contradict the findings of Vasvat al3 and time qt which the CHO S|gnal is ma>§|m|zed as a discriminator
Wollenhaupt and Crowley. Therefore, it is worthwhile to ~ ©Of various pathways for its production.

oS . o .
enquire if there are possible explanations for the observed 'yndall et att carried out their study in air and it is not
differences. possible to rule out scavenging by Of the adduct formed en

Vasvai et al3 measured the yield of acetonyl radical to be route to acetic acid. High-pressure measurements of acetic acid

~50% at 298 K using DF/LIF in~2 Torr of He carrier gas yield in the absence of Qwould be useful.
) . ) We have shown that the majority of the reaction proceeds

They used th_e reaction of F atoms with®to produce OH via channel 1a, yielding C}(O)Ch, as one of the major
and the reaction of F atoms ‘.N'th acetone to produceda)- products. We have also shown that a minor channel (1b) in
CH,. Qn the bas_ls of the monitored signal O.f SHO)CH, from . reaction 1 is small and assigned an upper limit for the yield of
reaction 1 relative to that frqm the reaction of F atom with this channel. Another possible exothermic channel of reaction
acetone, they calculated the yield of €3{O)CH, from reaction 1is 1c.
1. Two possible reasons why they may have measured a yield
of CH3C(O)CH, lower than that actually produced by reaction N
1 in their experiments are that (a) the initial concentrations of OH + CH,C(O)CH, — CH,CO + CH,0H
F and OH were not the same and/or (b) the signal due t§0=H ArH0 = —8.0 kcal mol* (1c)
(O)CH, from reaction 1 was underestimated relative to that from

the reaction of F with acetone. In addition, OH production from Because the yield of G¥€(O)CH; is large,>85%, we conclude
the reaction of F with KO could be suppressed by O atoms, that the yield of other possible products via channel 1c is also
which are inevitably produced in a microwave discharge:0f F small. Detection of CEDH in our system would have been
(in a quartz or glass reactor). Thus, it is likely that [QH§ useful; however, such measurements were not carried out.
less than [F] in the experiments of Vasviet al., contrary to 4.2. Mechanism of OH+ Acetone Reaction Any mecha-
their assumption. Vandenberk efdlave discussed the possible njsm of reaction 1 has to account for the following observa-
secondary reactions in the study by Vasw al. by carrying  tions: (1) The yield of acetonyl radical is 96 11% between
out numerical modeling of the experimental conditions of 242 and 351 K in the pressure range3lLTorr. The yield of
Vasvai et al. They suggested that the measured acetonyl yield CD;C(O)CD;, in reaction 2 is also the same as the yield of
in Vasvari et al.’s system could be as much as 32% lower than CH;C(O)CH; in reaction 1. (2) The yield for acetic acid, i.e.,
[OH]o, even if the yield of acetonyl radical from reaction 1 is  k;y/k, is <1% between 237 and 353 K in the pressure range
unity. In addition, it is not clear how well VaSiaet al. 1-3 Torr in He. Note that these yields are likely applicable at
accounted for the loss of GB(O)CH,. The temporal profile  higher pressures, sinde does not change with pressure. (3)
of CH3C(O)CH; in their paper clearly shows a very rapid loss The Arrhenius plot ok; is curved (see part 1). Above240

and that loss appears to be nonexponential. Therefore, Wasva K, k; increases with increasing temperature; below 24&K,

et al. could have underestimated the yield of :CKD)CH.. reaches a constant value-efl.4 x 10713 cm® molecule? s,
Because of these reasons, it appears that the yield @€H  independent of temperature between 199 and 240 K. A similar
(O)CH, of 0.5 reported by Vasveet al. may not be compelling.  temperature trend (with a lower magnitude rate coefficient) has
Nielsen et af® showed that the reaction of F with acetone been observed for reaction 2. (4) The values kaf are

proceeds via two channels; the major channel£92%) gives independent of pressure-{100 Torr of He or N). The value
CH3C(O)CH;, radicals and HF, while the minor channel {8 of k; measured at 250 K in 490 Torr of §I5 the same as that
1%) gives CH radicals and CEC(O)F. If the yield of CHC- measured at lower pressures, i.e., down to 1 Torr of He, at that

(O)CH; in the F atom reaction is taken to be 0.92, the results temperature. (5) There is a large primary kinetic isotope effect
of Vasvai et al. would be even lower. Very recently, Imrik et (k; > ky) and a small secondary kinetic isotope effect (see part
al?® (from the same group as Vasvat al.) reported that the  1). (6) The rate coefficient 4 andks, for the removal of OH
yield of CH;C(O)CH, decreased from near unity at 353 Kto (v = 1) by acetone and acetong- are large and similar in
0.45 at 243 K. Discussion of these results awaits their publica- magnitude. (7)0OH does not significantly exchange with
tion. acetone to generatéOH as a product. (8) The binding enthalpy
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Figure 10. A representation of the mechanism for the reaction of OH

with acetone, including the relative energetics of reactants and préducts.
The individual rate coefficients for various processes are also indicated.

of a possible OHCH3;C(O)CH; adduct is less than 8.0 kcal
mol~—! at 203 K.

A mechanism for reaction 1 that is consistent with these
observations is shown in Figure 10. This mechanism is very
similar to that proposed for the reaction of OH with nitric acid,
and the reader is referred to a previous paper from our §roup

about this reaction for a detailed discussion of the mechanism.

The first step is the formation of an excited complex,«QHs-
C(O)CHs*, via a barrierless addition of OH to G&(O)CHs.
The excited complex may redissociate to the reactants, react t
form products via collisional excitation over the barrier or
tunneling, or be collisionally stabilized to form thermalized
OHeCH3C(O)CHs. The thermalized complex also decomposes
to form products or may be reactivated to form &HHsC(O)-
CHjz*.

The doubly hydrogen-bonded six-membered ring complex

J. Phys. Chem. A, Vol. 107, No. 25, 2008031

TABLE 5: Rate Coefficients of the Individual Reactions in
the Mechanism, Shown in Figure 10, Used to Simulat&;?

T(K)  Keg ka(l0sh  k@OsY  k(107sY
400 0.2 29.3 40.1 110.0

340 0.5 10.0 8.1 8.1

300 1.2 3.9 2.4 0.95
240 8.4 0.5 0.25 0.015
220 201 0.2 0.098 0.0024
200  57.3 0.07 0.033 0.00029

2 The simulated and experimental results are shown in Figure 11.
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Figure 11. Comparison of the values df; calculated using the
mechanism shown in Figure 10 and the values of the rate coefficients

disted in Table 5 (dashed line) with the measured values (open circles),

in Arrhenius form. The solid curve is a fit to our experimental values.

remaining rate coefficients, andky were then fit as a function
of temperature using the measured valuek;0The estimated
values ofk-, andKeq and the fit values ok, andky are shown
in Table 5 at several temperatures, and the fkyafs a function
of temperature is shown in Figure 11.

shown as A in Figure 7 appears to be the plausible reactive The mechanism shown in Figure 10 is also consistent with
complex in reaction 1. The structure of the complex is essentially the kinetic isotope effects we have reported, because of the

identical to that proposed by previous investigafdr$1°This
complex is oriented to lead to a transition state for H-atom
transfer from acetone to OH, which would lead to the observed
products, CHC(O)CH, and HO. It is also consistent with the
fact that acetic acid was not observed as a prodd@gg) in

this study and the lack of measurable exchang&*©H and
160H from reaction 13. Furthermore, recent ab initio calculations

strong influence of tunneling updg andky.8 It is the substantial
difference between the valueslgfandky that leads to the large
KIE. Despite the presence of collisional activation and deactiva-
tion in the mechanism, pressure dependence is not observed
for ky under the conditions we have studied, because the complex
stabilization energy is fairly low~5 kcal mol1).5

Wollenhaupt and Crowléypostulated that reaction 1 proceeds

by several groups have predicted that such a complex will be through two channels: direct hydrogen atom abstraction leading
stable with respect to the reactants and discussed the likelihoodo CH;C(O)CH, + H2O (channel 1a) and addition of the OH

of this complex being the reactive complex in reactiotP1:10
The temperature dependencekafcan be explained using

the mechanism presented in Figure 10. If@H;C(O)CH; and

OHeCH3C(O)CHs* are assumed to be in steady-state, the

radical to the acetone molecule to formaydroxyisopropoxy
radical (complex B in Figure 7) with its subsequent dissociation
yielding acetic acid and methyl radical (channel 1b). We did
not observe acetic acid production and only assign an upper

mechanism shown in Figure 10 leads to an analytical expressionlimit to channel 1b of <1%. Theoretical calculations by
for k;. Assuming that the measured rate coefficients representVandenberk et dl.suggested that the additierlimination

the high-pressure limits fok;, which is consistent with the

channel (1b) of reaction 1 should be negligible at atmospheric

pressure independence observed for this reaction, leads to theemperatures. Vasvuicet al2 performed theoretical calculations

expression

ko + Kedkg ) n

k= ka(k_a+ ko + Kedkg

The individual rate coefficientk, k, etc., are for the
processes shown in Figure g is the equilibrium constant
between the excited and stabilized complieX(c). Using the
measured value dfj4 at 295 K fork, at all temperatures and
the ab initio thermochemistry and vibrational frequencies
calculated by Aloisio and Francisé®,k, and Keq can be
straightforwardly estimatécas a function of temperature. The

of OH addition to the carbonyl-C through a four-center transition
state to formo-hydroxyisopropoxy radical, which could elimi-
nate CH radical and form acetic acid. However, they found
that such a mechanism would have a substantial activation
barrier, in contrast to their measured 50% vyield forsCKD)-

CH,. Recently, Yamada et almeasured; andk, at 740 Torr

of He in the temperature range 29832 K. They calculate#;
andk, using variational transition state theory and concluded
that the dominant pathway is channel 1a. They suggested that
the reaction takes place via a hydrogen-bonded six-membered
ring complex below 450 K and direct abstraction at high
temperature. Recently, Henon etbghresented an ab initio
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calculation of the potential energy surface for reaction 1. They  (4) Tyndall, G. S.; Orlando, J. J.; Wallington, T. J.; Hurley, M. D.;

concluded that production of GB(O)OH is unlikely in this GO‘Oé M\-/? ngabsati's""_f/ hys. Ckhem-L(_:Bem- ';hmoczh“' 21gg- o
reaction, which is again contrary to the conclusions of Wol- 200(221 anenperk, S.; vereecken, L., beeter fiys. Chem. Chem. Phys.

lenhaupt and Crowléyand Vasva et al® (6) Henon, E.; Canneaux, S.; Bohr, F./ I S. Phys. Chem. Chem.
Phys.2003 5, 333.
5. Atmospheric Implications (7) Yamada, T.; Taylor, P. H.; Goumri, A.; Marshall, R Phys. Chem.

. . . . . A 2003 107 (in press).
It has been established in this work that the yield of acetic (8) Brown, S. S.; Burkholder, J. B.; Talukdar, R. K.; Ravishankara,

acid in the reaction of OH with acetone is negligible1@6). A.R.J. Phys. Chem. 2001, 105, 1605. o ‘
The major channel is the production of acetonyl radical with A d(9) ?le:jc'zall(' T-}thRaVlSthankalfg{hP}- tR- Kt'_”e“CISSOf the _reaCt'OnGOf
0 . PP . ydroxyl radicals wi acetone. nternationa ymposium on Gas
_>85 %o Y'eld' W_e note that a unit yield for GB(O)CH radical Kinetics, 2000, University of Cambridge, Cambridge, UK.
Is consistent with our fesuns- (10) Aloisio, S.; Francisco, J. S. Phys. Chem. 200Q 104, 3211.
The possible formation of an Otacetone adduct followed (11) Gleason, J. F.; Sinha, A.; Howard, CJJPhys. Chen987, 91,

by its reaction with @ (reaction 12) can also be a loss pathway 719

for acetone in the atmosphere. On the basis of our measuredJ J(lé)h L°V§jr?yr}fg§d;g“£“£r3eé'§’ T. P.; Ravishankara, A. R.; Howard, C.

upper limits for AH® for the formation of an OHacetone 13 )I/_So.vejo?/, E R Ravishankara, A. R.: Howard. CIr. J. Chen.

adduct andk; (assumed to be independent of temperature), the ginet. 1994 26, 551.

contribution of this process to the rate coefficient for the removal  (14) Han, J.; Heaven, M. C.; Manke, G. C.Jll Phys. Chem. 2002

of acetone via reaction with OH will be less than 1% at 277 K 106 8417.

and 370 Torr. At lower temperatures this pathway could __(15) Jaffe, S; Clyne, A. AJ. Chem. SocFaraday Trans. 21981 77,

contribute more to the loss of acetone. Hovyever, such temper- (is) Bedjanian, Y.: Le Bras, G.; Poulet, G.Phys. Chem. 4999 103

atures are generally only present higher in the troposphere,7017

where photolysis is the dominant loss process for acetone. (17) DeMore, W. B.; Sander, S. P.; Golden, D. M.; Hampson, R. F.;
The absence of acetic acid suggests that acetone degradatiokurylo, M. J.; Howard, C. J.; Ravishankara, A. R.; Kolb, C. E.; Molina,

will not lead to an organic acid that could produce new aerosol M'OjéﬁggT;aF',Qgﬁgﬁnaﬂgbi)?gttgfyheg'g?,' ?Sﬁagg{)ﬁcsaetig‘nsggefféphe”c

in the atmosphere. Further, the formation of acetic acid could (1) Bittner, R.; Maurer, GBer. Bunsen-Ges. Phys. Chet983 87,

have led to the loss of the aceter®H reaction products from  877.

the atmosphere via precipitation/rain out of acetic acid and (19) Nielsen, O. J.; Johnson, M. S.; Wallington, T. J.; Christensen, L.

prevented formation of HQ K.; Platz, J.Int. J. Chem. Kinet2002 34, 283.

. . . . (20) Malleson, A. M.; Kellett, H. M.; Myhill, R. G.; Sweetenham, W.
The formation of CHC(O)CH in reaction 1 will lead to more P. Facsimile User GuideUnited Kingdom Atomic Energy Authority,

HOy production via the subsequent reactions of this radical. HAREWELL, 1990.
(21) Murrells, T. P.; Lovejoy, E. R.; Ravishankara, A.RPhys. Chem.
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