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Reaction of Hydroxyl Radical with Acetone. 1. Kinetics of the Reactions of OH, OD, and
80H with Acetone and Acetoneds
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The rate coefficient for the reaction of OH with acetokg was measured by producing OH via pulsed laser
photolysis and detecting it via laser-induced fluorescence t&;{® = 1.38 x 107 + 3.86 x 107!
exp(=1997m) cm?® molecule® s 1. These results confirm the rate coefficient data of Wollenhaupt et al.
(J. Phys. Chem. 200Q 104, 2695). A value ok; suitable for atmospheric calculations is deduced from our
data and that from previous work to ke= 1.39x 10713+ 3.72x 10 ' exp(—20441T) cm® molecule* s

The rate coefficients at 298 K for the reaction of OH with £IPO)CD; (ks), OD with CH;C(O)CHs (k»),

and OD with CRC(O)CD; (ks) were measured to be (in units of €émolecule® s71) (3.004 0.04) x 10714,
(2.074£0.14) x 10713, and (3.26+ 0.16) x 1074 respectively; they were also measured at a few temperatures
above and below 298 K. It was deduced that the reactidfiQifl with acetone does not produt®®H. The
large primary kinetic isotope effect (i.e., the large valuekgk, andk./ks) at 298 K and its increase with
decreasing temperature suggests that OH abstracts an H atom from aketea® found to be independent
of bath gas pressure between 1 and 490 Torr and independent of bath gas, (bteSK). The products and
mechanism of the OHacetone reaction is discussed in the companion paper.

1. Introduction cause of the curved Arrhenius plot. Simple H-atom abstraction
with positive temperature dependence was suggested to be
dominant at high temperatures, with Gldcetone complex
formation leading to a different set of products contributing more
to the reaction at lower temperatures. A suggested possible
mechanism for complex formation is OH addition to the carbon
in the carbonyl group, yielding am-hydroxyisopropoxy radical,
(CHg)2,C(OH)O. This complex could then decompose via
carbon-carbon bond fission to form acetic acid and methyl
radical:

Acetone is one of the most important trace organic com-
pounds in the free troposphere. Its average concentration &f
ppbv makes it one of the most abundant organic compounds in
clean airt™* It is believed that acetone is a source of f#dd
its degradation products can help sequester NMQhe upper
tropospheré-7 Hence, the fate of acetone in the troposphere
must be investigated. The two major pathways for atmospheric
removal of acetone are photolysis and reaction with the hydroxyl
radical, OH. The atmospheric photochemistry of acetone has
been explored~1° The rate coefficientk;, for reaction of OH
R ki, OH + CH,C(O)CH, — [(CH.),C(OH)T] —

CH; + CH,C(O)OH (1a)
OH + CH,C(O)CH, — products (1) _ _ _
This lower temperature process was suggested to be in competi-

tion with an H-atom abstraction, leading to water and acetonyl

has been the subject of previous investigations. We initiated |, jic4-

the studies of the kinetics a few years back and reported our

results onk; at an international gas kinetics sympositim. OH + CH,C(O)CH, — H,0 + CH,C(O)CH, (1h)
In this paper we present results on the temperature dependence

of the rate coefficient for reaction 1. We were particularly \yo|lenhaupt et al2 inferred from their data that at 280 K both
interested in the rate coefficient behavior at low temperatures, mechanisms contribute about equally, while at 210 K the
dOquto 200 K, relevant to atmospheric chemistry. Wollenhaupt asgociation complex production channel dominates and at 400
et al* recently found that the Arrhenius relationship faris K the H-atom abstraction dominates. There have been a few

markedly nonexponential and suggested that a combination ofgygies on the products of reaction 1, which are described in
abstraction and complex formation in reaction 1 could be the ¢ part 2 of this stud§?
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Reaction of Hydroxyl Radical with Acetone. 1

We present the results of our study on the kinetics, products,

J. Phys. Chem. A, Vol. 107, No. 25, 2008015

wheret is the time between photolysis and probe laser pulses

and mechanism of reaction 1 in two parts. In part 1 we present (i.e., the reaction timek; is the second-order rate coefficient,
our result on the kinetics of reaction 1 and the atmospheric [X] is the concentration of acetone (acetahg; andky is the

implications of the measured rate coefficients. In palkt @e

rate coefficient for OH loss in the absence of acetone. A similar

will present our results on the products and the mechanism of expression is valid for OD andOH temporal profiles. In

reaction 1.

Specifically, we present here the rate coefficients for reaction
1 and the reactions of isotopically labeled hydroxyl radicals with
CH3;C(O)CH; and CxC(O)CDs:

OD + CH,C(O)CH, — products (2)
'80H + CH,C(*°0)CH, — products (3)
OH + CD4C(O)CD, — products 4)
OD + CD4C(O)CD,; — products (5)

The rate coefficients for reactions-3 allowed us to explore

reactions where OH or OD were monitorég,was measured
separately in the absence of acetone at the same bath gas
pressure and photolyte concentration and was found to be first
order in [OH] or [OD]. This loss was attributed to the reactions
of OH (OD) with HONO (DONO) and impurities, as well as
diffusion out of the detection zone. A plot &f vs [CH;C(O)-
CHjg] or [CD3C(O)CD;] yieldedk; as the slope. Typicd values
ranged from 80 to 15073. In the case ot®0OH, ky was measured
to be ~50 s! and was attributed to its loss via reaction with
impurities and diffusion out of the volume where it was
monitored.

The detection limit for OH, defined &8N = 1, whereSis
the signal andN is equal to twice the standard deviation of the
mean of the background, was cax21(° radical cnt3 in 100

both the primary and secondary kinetic isotope effects as well Torr of N, upon integration of 100 laser shots. We had excellent
as the exchange reactions that could indicate the structure ofgN for kinetics measurements since [Qtas ca. 18t radicals

an association complex. Such data was helpful in deducing acm-3, The signal-to-noise ratio was much better when He was
mechanism for reaction 1, which is discussed in the companion yseq as the bath gas. [QHJOD]o) was estimated using the

paperts

2. Experiments
The rate coefficient&;—ks were measured by producing the

calculated HONO (DONO) concentration, the literature vélue
for the photolysis cross section of HONO, and the measured
laser fluence. The HONO (DONO) concentration was calculated
by assuming that the background OH loss rate coefficient,

hydroxyl radicals by pulsed laser photolysis and detecting them was only due to the reaction of OH with HONO (OD with
by pulsed laser-induced fluorescence. The apparatus used foPONO) and using the literature vafteof the rate coefficient

such measurements has been described in detail previbusly
and only a brief summary will be given here. The Pyrex reactor
(length ca. 20 cm; internal volume 150 $mvas maintained at

a constant temperature (19983 K) by circulating fluid from

for the reaction of OH with HONO. Hence, [OH][OD]o)

quoted in the tables of results are upper limits.
Measurement ofks. The reaction of GD), produced by 248

nm (KrF laser) photolysis of § with H,180 was a source of

a thermostated bath through its jacket. The temperature of the'®*OH to measureéa.
gas in the reaction zone was measured by a retractable shielded

thermocouple. The temperature is estimated to be accurate to

+1 K.

Photolysis of HONO or DONO at 351 nm (XeF excimer
laser) produced OH or OD. HONO (DONO) was prepared in
situ by dropwise addition of an aqueous(Hor D,O) solution
of 0.1 M NaNQ into 10-30% HSO, (D,SOy). A small flow
of He (~1 sccm) over the solution carried HONO (DONO) into
the reactor. At low reaction temperatures240 K), the He/
HONO flow was passed through a coldfinger immersed in a
dry ice—ethanol bath to remove # (D,O), which could

0, +hv—0O('D) + O, (6)

()

Since the ozone used as the photolytic precursor $DDgas

not enriched int®0, equal initial concentrations ¢fOH and
180H were produced. The absorption lines'®H and180H

are adjacent to one another@.08 nm apart). Therefore, we
could easily tune oftSOH and on to'®0OH or vice versa® For

each concentration of acetone, we measured the pseudo-first-

O('D) + H,'*0 — *0OH + **OH

enhance condensation of acetone on the walls of the cold reactororder rat? coefficient fol*OH decay, then tuned the probe laser

photolysis of acetone.
The photolysis beam (351 nm) and probe laser bea28(.9

nm) were copropagated through the reaction cell in a direction

orthogonal to that of the gas flow. The OH (OD) fluorescence
was detected by a photomultiplier tube (PMT) perpendicular

rate coefficient for the loss offOH. Thus, k; and ks were

measured together and the ratiokefk; is quite accurate.
Knowledge of the exact acetone (acetalggeoncentration

in the reaction cell, particularly at low temperatures, is crucial

for accurate determinations dé—ks. In our experiments,

to both the laser beams and gas flow. The output of the PMT concentrations of acetone and its deuterated analogue were
was processed by a gated charge integrator and read by gneasured in the reaction cell itself by monitoring absorption of

personal computer. At a given acetone concentration, the delay

184.9-nm light from a Hg pen-ray lamp propagated along the

time between the photolysis and probe lasers was varied todirection of the gas flow, orthogonal to the direction of the laser

obtain an OH temporal profile.

All experiments were carried out under pseudo-first-order
conditions in OH or OD, i.e., [OH]([OD]o) < [CH3C(O)CHy]
([CD3C(O)CDy]). The pseudo-first-order decay of OH is
described by the following expression:

[OH], _

Intory. = (P4 + kgt =kt

0]

beams (see Figure 1). In almost all experiments, the absorption
path length was 11.6 cm. The entire optical path was at the
temperature of the measurements, and the temperature gradient
along the optical path was negligible. The Hg lamp was blocked
to avoid possible acetone photolysis at 184.9 nm while the OH
temporal profiles were measured.

All experiments were carried out under slow flow conditions
(linear flow velocities~10 cm s1). In most experiments, UHP
N2 (>99.999%) or He ¥ 99.999%) was the buffer gas. The total
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Figure 1. A schematic of the reactor used for measurkagks and
the absorption cross sections of acetone and acekpne-

TABLE 1: Absorption Cross Sections for Acetone and
Acetoneds at 184.9 nm as a Function of Temperatur#

O184.9nm=E 20 O184.9nm*E 20

compd T,K (108cn¥) compd T,K (10*cnp)
acetone 296 3.0&0.03 acetonels 295 4.01+0.06
296 3.01+0.05 295 3.9A&0.10
296  3.01+0.02 295 3.7&#0.11
296  2.95+0.05 295 3.85:0.12
242 296+ 0.03 295 3.88:0.08
231 2984+ 0.02 295  3.96t 0.08
222 291+ 0.07 273  4.08:0.03

253  4.31+0.04
242 4.41+0.04
232  4.61+0.06

aThe quoted errors are discussed in the text.

pressure was-25, ~50, or ~100 Torr (measured with a
calibrated capacitance manometer) with br He. A few
experiments were carried out with §99.99%) as the buffer
gas.

Measurement of the UV Absorption Cross Section of
CH3C(O)CH3 and CDsC(O)CDs. The knowledge of the
absorption cross sections of acetone and acedgrat-184.9

Gierczak et al.
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Figure 2. A plot of the measured UV absorption cross section of
acetone and acetortg-at 184.9 nm as a function of the reciprocal of
temperature. The lines are fits of the measured cross sections to the
expressiors(T) = a + b x (1000M).

fitted to an equation of the form(T) = a + b x (1000M) to
yield

o(T) = [(1.55+ 0.35)+ (0.698+ 0.10) x (1000M)] x
10 e (1)

This equation was used for calculating [¢I§O)CD;] at various
temperatures at whidky andks were measured. The difference
between the absorption cross sections of acetone and acetone-
ds are not surprising, given that the cross sections of acetone
are changing sharply around 184.9 nm while those of acetone-
ds are not. Also, previous work at wavelengths close to 184.9
nm clearly show a shift in the spectra of acetaheelative to
acetoné’/~1° Therefore, the small differences in the temperature
dependence of the absorption cross sections of the two
compounds are also not surprising.

Both acetone (spectroscopic grade, minimum purity 99.5%)
and acetonels (99.9% isotopic purity;>99.5% chemical purity)
were degassed by several freepaimp—thaw cycles and were
analyzed for impurities using gas chromatograpmass spec-
trometry (GC/MS). The list of compounds detected by this
analysis, the upper limits for their concentrations, and their

nm as a function of temperatures was essential for determiningexpected contribution to the measured valueg eks are listed
their concentration in the reactor. The cross sections werein Table 2.
measured using a Hg pen-ray lamp, a photodiode, and the reactor

(Figure 1) used for measurihg—ks. First, the intensity of 184.9-
nm radiation passing through the evacuated read¢gpnas

measured. Then acetone (or acetdgevapor was flowed
slowly through the reactor and the intensityywas monitored

3. Results and Discussion

The rate coefficientdg—ks were measured in the pulsed
photolysis system in 25, 50, or 100 Torr of Wnd He; a few
experiments were carried out in §&so. Measurements &f

at several (up to 12) pressures. The pressure was measured by, .13 Torr of He using discharge flow chemical ionization
a calibrated 10 Torr capacitance manometer. The measuredyass spectrometry (DFCIMS) are described in part 2.

absorbance, Iigl), varied linearly with the pressure (concentra-

Typical OH temporal profiles from the photolysis system are

tion) of acetone (acetordy) in the reactor. The absorption cross displayed in Figure 3. The temporal profiles were exponential

section was calculated from the slope of a plot of gt vs

for at least a 2-decade decrease in OH concentration and were

[acetone] ([acetonek]). Such measurements were carried out gescriped by eq I. At a given temperature, each bimolecular
at various temperatures. The measured values are listed in Tablg,e coefficient was determined by measuring approximately

1 and are shown in Figure 2.

seven pseudo-first-order rate coefficients spanning more than a

The absorption cross section of acetone at 184.9 nm decreasegactor of 10 in acetone (acetomg) concentration. Figure 4
very slightly with decreasing temperature (Figure 2) and the shows plots of measurekl vs [acetone] at 298 and 213 K.

average value was (2.98 0.10) x 1078 cm?. The quoted
uncertainty is & precision from the fit of Inlp/l) vs [acetone].

The values ofk;—ks were derived from linear weighted
(according to the precision of thk values) least-squares

The decrease in the cross sections with temperature is smallei@nalysis ofk vs [acetone] or [acetonds]. The measured
than the standard deviation of the mean quoted above. Thereforeyalues ofk;—ks are presented in Tables 3 and 4 and are also
we used this average value at all temperatures of the study. Theshown in Figure 5.

average value is estimated to be uncertaimipb.
The 184.9-nm absorption cross section for acetdymeetice-

During this study we measured the rate coefficients for
reactions of OH, OD, an#?OH with acetone and of OH and

ably increased with decreasing temperature (Figure 2). It was OD with acetoneds. We will first describe our results oky
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TABLE 2: Impurities Present in Acetone and Acetoneds T T T T T T
Used in This Study as Measured via GC/MS along with the sk |
Estimated Contributions of the Impurities to Measured k;
and ks2P _
concné % contribution to the a4l ]
impurity ppmv overall rate coeff at 220 K 2
Acetone £
acetaldehyde 9 <0.1 * Ll |
acetic acid methyl ester 3 <0.1
2-butanone 12 <0.1
methyl isopropyl ketone 1 <0.1
2,4-pentanedione 2 <0.1 0 . L . L . L
4-hydroxy-4-methyl-2-pentanone 18 0.1 0 1 2 3
2,5-hexanedione 10 <0.1 [acetone] (10" cm)

Acetoneeds Figure 4. Plots of measurell’ — kq vs [acetone] at 298 K (squares)
2-butanone 18 <0.3 and 213 K (circles). The lines are the linear least-squares fits to the
2-pentanone 3 <0.2 expression:k’ — kg = kj[acetone]. The slopes of the lines are values
3-pentanone 1 <0.2 of k; at 298 and 213 K.
2-hexanone 4 <0.4
1,1,1,3,3,5,5,5-octadeutero-4- 9 <1z TABLE 3: Experimental Conditions and the Measured

hydroxy-4-(trideuterio- Value of ki, kp, and ks as a Function of Temperaturé
d O?eeégzg-z-pentanone 3 <06 bath gas/  [acetone] [OH]o ka, k2, Orks & 20
' pressure (10 molecule (10" molecule (1073 cm?
2 A 100 m nonpolar column (SPB-1, 0.32 mmyth film thickness) T(K) (Torr) cm?) cm?) molecule* s™1)
was used. First the column temperature was held &Ci€or 8 min
and then ramped up to 22@ at a rate of 8C min%. The MS was 199  He/100 1 7_%H8+ Acetone gl)o 1.36+ 0.10
operated in the scan modevg = 40—250) with electron impact 208  He/100 26123 28 1465 0.10
ionization (70 eV)" Besides those listed in this table, a few other 515 N,/100 3181 16 1.38¢ 0.07
compounds were also detected in trace quantitie®.1 ppmv). 213 N,/100 3959 28 1.5% 0.20°
¢ Concentrations of the impurities quoted in the table are approximate, 23  N,/100 3.1-26.2 1.8 1.4H 0.10
because standards were not used for each of the detected impurities.po5  Ny100 2.4-31.9 3.6 1.37- 0.08
The intensity of a GC/MS signal is a complicated function of several 232  N,/100 4.3-46.2 2.2 1.37 0.08
different physical parameters and it is difficult to calculate correction 238  He/1.1 0.020.33 2.0 1.49- 0.08
factors accurately. In general, the correction factors for calculating 244  Ny/100 3.5-43.4 1.7 1.44+ 0.04
concentrations would be from 0.5 to 1, limiting the uncertainty in the 250 SR/490 4.6-29.1 50 1.48+ 0.06
concentrations to a factor of 2. For compounds heavier than the 259 N/100 4.6-44.3 2.2 1.42+ 0.02
standards (acetone and methyl isobutyl ketone), the concentrations 271  N,/100 4.0-42.8 1.8 1.55+ 0.02
quoted are upper limits kori+aceon220 K) = 1.4 x 1073 cnP 296 N,/100 5.6-37.9 4.0 1.7H0.03
molecule? st andkot+acetone ds(220 K) = 1.6 x 1074 cm?® molecule™? 296  N,/100 2.8-32.2 1.0 1.79t 0.06
sL. € Kortimpurity assumed to be-1 x 107! cm® molecule s™%. 296  N,/100 3.6-25.5 1.2 1.67 0.0
296 He/50 0.911.3 3.0 1.68+0.12
T J J ] 296 He/3 0.02-0.23 5.0 1.78t 0.1C¢
.- 296 He/l5 0.020.18 5.0 1.8 0.18
3 296 He/3 0.05-0.55 6.3 1.78 0.1C¢
< 1 323 Ny/100 3.8-31.7 1.2 2.0% 0.05
E 333 Hel3 0.040.25 1.7 2.46+ 0.26°
s E 353 He/lb 0.020.14 4.0 2.74+ 0.16
5 ] 356 N,/100 3.0-32.1 1.0 2.8Gt 0.06
2 ] 383 Ny/100 2.6-29.9 0.9 3.410.14
T E 180H + Acetone k)¢
° ] 240 He/50 1411.2 1.3 1.43t 0.05
1 246  He/50 1.69.2 1.3 1.58t 0.06
1 252  He/50 1.210.3 1.7 1.5Gt 0.10
262 He/50 1.29.9 1.3 1.52+ 0.05
o 3 296 He/50 0.811.3 3.0 1.85+ 0.08
ime (10" ps)
Figure 3. Temporal profiles of OH generated from the 351-nm 223 He/50 zeozggAcetone k22)5 178 0.12
photolysis of HONO at 296 K (squares: [acetore.6 x 10 cm3) 206  He/50 13171 23 207 0.14
and 223 K (circles: [acetone} 2.1 x 10 cm=3) in 100 Torr of N. ' ' : ) '
The lines are weighted (according &N) linear least-squares fits to 2 The quoted uncertainties are precisions of the slopes from the fits
expression . of k;_, vs [acetone] to a straight lin@ Rate coefficients measured in

the presence of X% 10 cm2 of O,. ¢ Discharge flow experiment
(described in part 22 9 %0H and'®OH were generated via 248-nm

and compare them with previous data. Then, we will describe Photolysis of a mixture of @ H,O, or H'%0, and He.
our results on the reactiorls—ks. The possible mechanisms

for this reaction are discussed in the companion p&ber. obeys an Arrhenius relationship between 400 and 240 K.
The rate coefficient for the reaction of OH with acetoke, However, there is a marked deviation from the higher temper-
at 298 K is (1.77+ 0.16) x 10713 cm® molecule’® s71, as ature Arrhenius behavior below 240 K, whégereaches a near

defined by eight separate measurements. The quoted uncertaintgonstant value of ca. 1.4 10~*3 cm® molecule’* s™* down to
is 9% at the 95% confidence level and includes our estimated 199 K.

systematic errors. Figure 5 shows the temperature dependence In this study, we have measurkedusing the pulsed photolysis
of ky in an Arrhenius form. As can be seen from the figuee, LIF method and the DFCIMS techniqué? Both methods gave
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TABLE 4: Experimental Conditions and the Measured 6 . T ™ T T T
Value of k4 and ks as a Function of Temperaturé ]
bath gas/ [acetoneds) [OH]o ks orks + 20 fm
pressure (10 molecule (10'*molecule  (107**cm? )
T (K) (Torr) cm3) cm3) molecule? s7%) § ]
OH + acetoneds (kq) g
211 He/50 3.219.6 4.0 1.6Gt 0.12 “g
221 He/50 3.431.6 4.0 1.6Gt 0.12 W2
233 He/50 1.9-30.8 3.0 1.39+ 0.14 "o
233 He/50 2.531.3 2.1 1.4} 0.18 <
244 He/50 2.329.2 1.9 1.72t 0.10 =
258 He/50 5.237.2 3.8 1.83:0.18 1 . 1 N 1 . !
295 NY/100&25 4.4-32.0 1.8 3.0Gt 0.04 2.0 3.0 4.0 5.0
296 He/50 2.132.1 2.0 2.94+0.42 1000/T(K)
gg; ktﬁgg gg:%g ig SE% 838 Figure 6. Plot of k; (logarithmic scale) vs I/ from our studies and
' ’ ’ ’ ' all other previous temperature dependence studies. (open squares,
OD + acetoneds (ks) Wollenhaupt et al'? open triangles, Le Calve et &F;diamonds,
213 He/50 2.£22.5 2.9 2.23+0.30 Wallington et al.2° stars, Yamada et a2circles, this work; the solid
224  He/50 2.724.7 2.3 1.93:0.12 line is the fit to the expression Ill). The most recent 298 K value of
233 Hel50 2.631.2 2.3 2.04t 0.16 Vasvai et al. is also included as a square.
244 He/50 1.925.8 2.8 2.05t 0.16
266 He/50 2.132.6 1.6 2.190.12
296 He/50 5.2344 16 3.26£ 0.16 ks. The net contribution is clearly less than 1% fqrand 3%
324 Hels0 13147 15 5.04£0.17 for ks, even at 220 K. Furthermore, if the impurities were the

aThe quoted uncertainties are precisions of the slopes of the fits of reason for the curvature, we would not get the large kinetic
k, 5 vs [acetoneds] to a straight line” OH was generated via 248 nm  isotope effect, i.eki/ks, that we measured. On the basis of these
photolysis of a mixture of @ H,O, and He. arguments, we conclude that the observed curvature in the
Arrhenius plot ofk; is not due to reactive impurities.
First we compare our results with previous measurements.
There are three previous measurementk;ads a function of
s 1 temperature; their results are shown in Figure 6. Wallington
and Kuryl® measuredk; at five temperatures between 440 and
240 K. Their room-temperature value lofis (2.16+ 0.15) x
10713 cm?® molecule® s71, which is ~20% higher than ours.
As seen in Figure 6, their measured values at other temperatures
. are close to those in the present study. They fit their measured
2 "*’i‘r% 1 values ofk; at five temperatures to an Arrhenius relationship.
o More recently, La Calve et 8l reportedk; between 372 and
L T T T 243 K. Their room-temperature rate coefficient, (1:84.25)
2.0 3.0 4.0 5.0 x 10713 cm® molecule’t s71, is only 7% larger than our value.
1000/T(K) They also fit their measured rate coefficients to an Arrhenius
Figure 5. Plots ofk; throughks (on a logarithmic scale) vs T/ The expression. Wollenhaupt et ®lcarried out an extensive study
lines are nonlinear least-squares fits of our data to eq Ill. The fit of k; between 395 and 202 K and reported that the Arrhenius
paramete_rs fok, are s_hown in Table 5. The fitting procedure yielded plot for k; is curved. Their room-temperature rate coefficient,
the following expression foks andks: ks(T) = 1.39 x 10714 + 2.05 (1.73 + 0.09) x 10713 cm? molecule? s, is in excellent

x 107Yexp(—2123M) andks(T) = 1.94 x 1074+ 1.99 x 10 %xp- . Lo
(_2844".)'%(m3 mollerc):ulerl s*(P(kl, open circleskq in the presencepof agreement with the present determination. Indeed, our data

Now b
T

_.
T
-
1

w b oo
T 1T

k (10" em® molecule’ s™)
o

2 x 107 cm 2 of oxygen, filled trianglesk; (490 Torr of SF), open agrees extremely well with their values over the entire temper-
square; k; from DF—CIMS experiment, open triangles,, open ature range of the two studies. Had Wallington and Ki#%do
diamondsks, hexagonsk,, circle; ks, stars). Le Calve et aP! measuredk; below 240 K, they also would

have observed the curved Arrhenius plots. The results of Le

Calve et ak! were sufficiently precise to show a slight curvature,
the same values &, indicating a lack of significant systematic  but they chose to fit their data to an Arrhenius expression. Very
errors. Furthermore, it is clear thét is not dependent on  recently, Yamada et a2 using the PP-PLIF technique,
pressure over the range froml to 490 Torr and it also does  measured the temperature dependence for reaction 1 between

not depend on the nature of the bath gas (Hg,d¥ SF). 298 and 952 K. Their measured rate coefficients for reaction 1
Reaction 1 is relatively slow. Hence, impurities in the acetone between 298 and 390 K are systematically about 12% lower
sample may affect the measured valuekofIf an impurity, than those measured by us, but still agree within the combined

present in sufficient concentration, reacts rapidly with OH, the uncertainty. They also measured the temperature dependence
measured value d§; could be erroneous; this could also lead for k, between 298 and 710 K. These rate coefficients are also
to curvature in the Arrhenius plot. If the rate coefficient for the systematically lower than those measured by us. At 298 K their
reaction of OH with the impurity had a negative activation rate coefficient is about 30% lower than ours. The difference
energy, the curvature could be even more pronounced and coulcbetween their value ok, and ours decreases with increasing
conceivably lead to the observed temperature independent valuesemperature such that their value~441% lower than ours at

of k; at low temperatures (see Figures 5 and 6) even if the levels380 K, the highest temperature of our study. We do not know
of impurities are low. Acetone and acetodewere analyzed the reason for this discrepancy.

for impurities using a GC/MS system. Table 2 lists the There are many previous reportsiafmeasured only at one
contribution of these impurities to the measured valulk @ind temperature around 298 K. These reported values, except the
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TABLE 5: Comparison of the Temperature Dependence ok; from the Present Work with Those from the Literature

ky(298 K) A E/R
(10~ cm® molecule* s™) (10-12cm® molecule* s™) (K) method ref

2.16+0.16 1.7£ 04 600+ 75 FP-RF 20
1.84+0.24 1.25+ 0.22 561+ 57 PP-PLIF 21
1.734+0.09 a a PP-RF/PP-PLIF 12
1.73+0.05 DF-RF/DF-LIF 23

1.56+ 0.08 b b PP-PLIF 22
1.77+0.18 [« c PP-PLIF/DF-CIMS this work
1.78+0.18 d d 15

2 Experimental data was fit to a double exponential equation t&(@@t= 8.8 x 10 *2%exp(—1320M) + 1.7 x 10 exp(423T) cm® molecule*
s™L P Fit to a modified Arrhenius expression to d€T) = (3.99 x 10729T*%0 exp(453T) cm?® molecule! s, ¢ Experimental data was fit to eq IlI
to getk(T) = 1.38 x 10713 + 3.86 x 107! exp(—1997M) cm® molecule* s1. 4 Experimental data from above studies (except Yamada?Z8} al.
were fit to eq Il to obtaink(T) = 1.33 x 10713 + 3.82 x 10~ exp(—2000/T) cm® molecule s ¢ FP, flash photolysis; PP, pulsed photolysis;
DF, discharge flow; RF, resonance fluorescence; PLIF, pulsed laser-induced fluorescence; LIF, laser-induced fluorescence; CIMS, chetioital ioniz
mass spectrometry.

very recent report of Vasviaet al.2? have been evaluated in  oxygen in the atmosphere will not significantly affect the rate
previous recommendatioAdwe will not compare them here  coefficient for the loss of acetone via its reaction with OH.)

with our measured values. Vdsivat al 23 reportedk; to be (1.73 The two major processes for the removal of acetone from
+ 0.05) x 1073 cm® molecule'! s at 298 K; their value isin  the troposphere are photolysis and reaction with hydroxyl
excellent agreement with ours. radicals. The reaction with OH is more important lower in the

For use in atmospheric modeling, we have fit the data from troposphere. Use of the value kf recommended here will
this work and three previous studiéd®?1of the temperature  slightly increase the acetone loss rate due to reaction with OH

dependence df; to eq Ill and elevate the altitude at which the rates of OH reaction and

photolysis contribute equally toward removal of acetone from

k(T) = A+ B exp(—CIT) (1 the troposphere. The large valueskefat lower temperatures

will lead to larger loss rates of acetone from the atmosphere.
using a nonlinear least-squares routine and obtai(iBd= 1.39 Hence, to account for the observed acetone concentrations in
x 10718 + 3.72 x 1071 exp(~2044T) cm?® molecule® s, the atmosphere, the source strengths will have to be slightly
We did not includek; measured by Yamada etZlin this fit. larger than what was previously estimated on the basis of the
They measured; only above 298 K and their values may not assumption of a linear Arrhenius plot; such a reassessment has
be the most appropriate for atmospheric calculatior32Q K). been reported by Jacob et?@lusing the data of Wollenhaupt

The above value df, is almost identical to the recommendation €t al*? In the upper troposphere, acetone photolysis is a
of NASA/JPL-200C%* which included our data in deriving the  significant source of OH. The increased values of the rate

recommended value. This expression is not meant to represengoefficient will not affect the calculated HQproduction rate
a specific mechanism for reaction 1 but is merely a way to because the reaction with OH is not a major loss process for

represent the measured valueskpf acetone in this region and the calculations of OH production
Kinetic Isotope Effects. Figure 5 shows the temperature ~from acetone use the observed abundance of acetone.

dependence ok, and ks; clearly, these reactions also show  As noted in Table 3, the value ¢4 does not depend on
curved Arrhenius behavior and essentially mimic the temperature Pressure, at least over the range encountered in the troposphere.
dependence df,. However, these rate coefficients are signifi- Therefore, the value ok, obtained from expression Il is
cantly smaller thatk; andk,. The large values dfi/k; and the applicable for the entire troposphere.

increase irky/kq with decreasing temperature suggest a primary . .

kinetic isotope effect (KIE). For exampliy/ks is 5.9+ 0.9 at Acknowledgment. This work was funded in part by

298 K and 8.6+ 0.8 at 212 K. Yamada et &.reportedki/ks NOAA'’s Climate and Global Change program and in part by

to be 6.8+ 1.0 at 298 K, slightly higher than our value. The Health of the Atmosphere program. We thank Ranajit K.
large values oky/ks suggest that the breaking of a<&l bond Talukdar for assistance W|_th some of the experiments pr(_asented
in acetone is the primary pathway or at least the rate-limiting Nere. We also thank David C. McCabe for critical reading of
step in the reaction of OH with acetone. The rate coefficient the manuscript and for many valuable comments.

ks, for reaction 5, can have contributions from abstraction and,
possibly, from exchange of hydroxyl radical. The temperature
dependence dfs is essentially identical to that &, butks is (1) Arnold, F.; Schneider, J.; Gollinger, K.; Schlager, H.; Schulte, P.;
consistently 16-20% larger tharks, over the temperature range  Hage, D. E.; Whitefield, P. D.; van Velthoven, Beophys. Res. Le@997,
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