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The gas-phase reactions of Cl atoms with acetone, butanone, 2-pentanone, 3-pentanone, 2-hexanone,
3-hexanone, and cyclopentanone at 293 K were studied using pulsed laser photolysis vacuum UV laser-
induced fluorescence (PLP-LIF) techniques.?Pdg) atoms were produced by photolysis of,@t 351 nm

and monitored by LIF spectroscopy at 134.72 nipb €83, 3p*4s 2Py, transition). Rate coefficients for reactions

of Cl atoms with acetone, butanone, 2-pentanone, 3-pentanone, 2-hexanone, 3-hexanone, and cyclopentanone
are (2.304 0.12) x 107%2 (4.08+ 0.21) x 10714, (1.234 0.13) x 1072, (8.87 £ 0.92) x 10714, (2.08+

0.32) x 10710, (1.434 0.19) x 10 and (1.164 0.12) x 10°1° cn?® molecule® s, respectively. The

results for acetone and butanone are consistent with previous studies. The results for 2-pentanone, 3-pentanone,
2-hexanone, and 3-hexanone are approximately a factor 8ftegher than those from previous absolute rate
studies. Likely explanations for these discrepancies are discussed. Tropospheric lifetimes of ketones with
respect to reaction with Cl atoms are estimated and discussed.

1. Introduction (591-78-6), 3-hexanone (589-38-8), and cyclopentanone
(120-92-3) at 295+ 2 K.
Ketones are an important class of volatile organic compounds
(VOC) used widely as industrial solvents. During use, a fraction Cl + CH;C(O)CH; — products  k; @)
of these solvents escape into the atmosphere. Ketones are

also formed as intermediate products in the tropospheric Cl+ CH,C(O)GH; — products  k, ©)
degradation of VOCs such as alkanes and alkenes. Significant

concentrations of ketones and other oxygenated compounds are Cl+ CH,C(O)CH, — products k, C)
present in the global and local atmosphéré$The atmospheric .

degradation of organic molecules is initiated by their photodis- Cl+ CHeC(O)GH; — products k, “)
sociation and chemical reactions with oxidants such as OH Cl + CH,C(O)G,H, — products kg (5)
radicals, Cl atoms, and{noleculest Enhancement of urban 3 4o

O3 formation by Cl-atom-initiated oxidation of VOCs has been Cl + C,H,C(0)CH, — products k, (6)
reported, and it has been recommended that reduction of chlorine 2 !

emissions should be considered in urban ozone management Cl + cyclo-C;HgO — products  k, (7)

strategies.Accurate kinetic data for reactions of Cl atoms with
ketones are needed as inputs for global atmospheric chemistry Reaction 1 has been the subject of relative faté pulsed
models. laser photolysis resonance fluorescence (PLPIRE)and

To improve our understanding of the kinetics of the reac- discharge flow system mass spectrometric (DF-WMSjudies.

tions of Cl atoms with organic compounds, we report determi- The results from most of these StUdies. of rea_ction 1 are in good
nations of rate coefficients for reactions of Cl atoms with adreement. Rgactmn 2 has b_een studied using relative rate and
acetone (CAS registry # 67-64-1), butanone (78-93-3), PLP-RF techmqugs.lgnltSerestlneg, the value$<;g())feported in
2-pentanone (107-87-9), 3-pentanone (96-22-0), 2-hexanonethe PLP-RF.stud|é§' *oare approximately 20% lower than
those found in the relative rate studfé$.Reactions 3-6 have

been studied by PLP-R¥15 DF-MS!’ and relative rate

* Corresponding author. Fax :+81-533-89-5593. E-mail: kent@  techniques® The results from the recent relative rate study of
nag(l):’yrz;slgjn% address: Kyoto University Pioneering Research Unit for reactions 3-6'°are substantially (approximately a factor of3)
Next Generation, Kyoto University, Gokasho, Uji, Kyoto 611-0011, larger than those from the absolute rate stutfié3:’We have

Japan. argued that Cl regeneration was a severe complication in the
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XoCl ExcimerL S level of Kr. The wavelength of the, laser was~500 nm.
Laser <Dye Laser fi Typical pulse energies of the; andw; lasers were 0.3 and 4
mJ, respectively. The laser beams were overlapped collinearly
and focused by a fused silica leris{200) into a cell containing
Dye Laserr>—BBd—)y Kr. The Kr cell and the reaction chamber were separated by a
b caull==~ thin MgF, window. The VUV laser line width was estimated
-‘FE::— to be 0.64 cm! full width at half-maximum (fwhm) with a

Trigger XeF Excimer Gaussian shape.
Controller Lamar T - The VUV-LIF signal was detected by a solar-blind photo-

multiplier tube (EMR, 541J-08-17) with a KBr photocathode
s LIF Sianal. m sensitive at 106150 nm. The PMT tube was mounted at right
Integrator] angles to the propagation direction of the VUV probe beam
and the 351-nm photolysis beam. The 351-nm laser light and
the vacuum UV laser light crossed perpendicularly in the
previous absolute rate studies leading to a substantial underestéaction cell. The pump and probe lasers were operated at a
timation of the reactivity of these ketones toward Cl atoms. "€petition rate of 10 Hz. The time delay between the dissociation
Reaction 7 has been the subject of two relative rate studies.@nd probe laser pulses was controlled by a pulse generator
Unfortunately, there is a disagreement of approximately a factor (Stanford Research, DG535), the jitter of the delay time was
of 2 between the results from the studies of Olsson &g&l.  less than 20 ns. When the 351-nm laser light was turned off,
and Wallington and co-workef8.The uncertainties in modern N discernible LIF signal was observed, indicating that neither
experimental studies of Cl atom kinetics are typically ap- the probews, norw; lasers photolyze Glto any appreciable
proximately 16-15%. It is perplexing that there are such large €Xtent.
discrepancies in the literature data for reactions of Cl atoms Previous kinetic studies of Cl atom reactions using the PLP-
with ketones. LIF techniqué® 24 have employed photolysis of HCI at 193

In this work, the kinetics of reactions-I7 were studied using ~ nm to generate Cl atoms. However, preliminary experiments
pulsed laser photolysisvacuum ultraviolet laser-induced fluo-  showed that the 193-nm irradiation of HCl/ketone/Ar mixtures
rescence (PLP-LIF) techniques. Chlorine atoms were monitoredled to the formation of rovibrationally excited CO molecules
via LIF at 134.72 nm (B° 2Ps;,—3p*4s 2P, transition). The which interfered with the LIF detection of Cl atoms. Ketone
decay of chlorine atoms in the presence of known concentrationsmolecules absorb strongly at 193 Afmand the subsequent
of ketones was used to derive kinetic data. Previous work hasformation of rovibrationally excited CO molecules has been
established the reliability of the PLP-LIF technique in studies reported by several group%:*® The (7, 0) and (11, 2) bands
of reactions of Cl atoms with organic compourifis?* The goal of electronic ATI-X'=* transition of CO overlap the CI(8
of the present work is to use the PLP-LIF technique to improve 2Ps—3p*s 2Py;) and CI($° 2Psy—3p*s 2Pyp) transitions,
our understanding of the kinetics of the reactions of Cl atoms respectivel\?132To avoid problems associated with the forma-
with ketones. Atmospheric implications of our present results tion of CO, the 351-nm laser photolysis of,Glas used as a

Figure 1. Schematic diagram of the experimental setup.

are discussed briefly. source of Cl atoms in the present study. There was no discernible
CO LIF signal following the 351-nm photolysis of £ketones/
2. Experimental Ar mixtures.

Figure 1 shows a schematic diagram of the experimental ~Laser light with wavelengths of 212.6, 500, and 135 nm is
setup. All experiments were performed at 2952 K. Gas used in the present experiments. Ketones have absorption cross
mixtures of Cp and ketone diluted in Ar were slowly introduced ~ S€ctions ?t4 212.6 nm which are of the order_of”%cmz
into a reaction chamber which was evacuated continuously by molecule™.* The 212.6-nm laser fluence used in the present
a rotary pump (Edwards, RV-12) through a liquick Map. work was approximately & 10'° photon cn. Taking an upper
Reaction mixtures consisted of 8:2.7 mTorr of Ch and 1.6 limit of unity for the photodissociation quantum, we estimate
277.3 mTorr of the ketone of interest in 6.5 Torr of Ar diluent. that<0.01% of the ketone will be photolyzed. Even if the radical
An excimer laser (Lambda Physik, COMPex102) was operated Photolysis products were to react with Cl atoms at the gas kinetic

in a XeF mode to generate 351-nm ||ght to photo|yzg On ||m|t|ng rate, phOtOlySIS of k.etones at 212.6 nm would not
the basis of the Glabsorption cross section at 351 #mnd complicate our kinetic analysis. Ketones do not absorb at 500
the photolysis laser fluence, the initial concentration ofR)( nm. Absorption cross sections for ketones at 135 nm are not

atoms in the reaction chamber was estimated to be about 3 available. Assuming the absorption cross sections at 135 nm
109 to 1 x 10 atoms cm®. Loss of Cl atoms by their self- ~ are<10"*7cn? molecule* and considering the @ 10" photon

reaction (Cl+ Cl + Ar — Cl, + Ar) proceeds slowly with a cm~2 fluence of the probe laser, we conclude tid1.09% of
rate coefficient of the order of 183 cmf molecule2 s1 26 and ketone sample would be photolyzed by the probe laser and that
is not significant under the present experimental conditions. All Photolysis of ketones by the probe laser is not a significant
the experiments were carried out under pseudo-first-order complication in the present work.
conditions with [ketonep > [Cl]o. Reagents diluted with Ar were stored in 10-L glass bulbs
CI(3P3)2) atoms were detected by VUV-LIF at 134.72 nnp{3  which were blackened to avoid any dark chemistry. The reagents
2P3,—4p*ds 2P;;, transition). Tunable VUV radiation was were introduced into the reaction cell through mass flow
generated by four-wave difference frequency mixing{(2- controllers (Horiba STEC, SEC-400MARK3). The total pressure
w>) in 35 Torr of Kr, using two dye lasers pumped by a single in the reaction cell was monitored using a capacitance manom-
XeCl excimer laser (Lambda Physik, COMPex 201, FL3002, eter (MKS Baratron, model 622A). The gases used in the
and Scanmate 2E). The fundamental output ofdhdaser at experiments had the following stated purities: 2,CH99%
425.12 nm was frequency-doubled in a BBO crystal to generate (Sumitomo Seika Co.); acetone99% (Wako Pure Chemical
212.56-nm light which is two-photon resonant with thel &% Industries); butanoney95% (Wako); 2-pentanone; 95%
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(Wako) and >99% (TCI Lancaster); 3-pentanone;98%
(Wako); 2-hexanone; 95% (Wako); 3-hexanone;99% (Wako);
cyclopentanone>99% (Wako); and Ar,>99.999% (Nihon
Sanso). Three sets of control experiments were performed to
check for interferences caused by impurities in the reactant
samples. First, samples of 2-pentanone were purchased from
two different chemical suppliers, namely, Wako Pure Chemical
and TCI Lancaster. Second, samples of the ketones were used
both before and after freez@ump—thaw cycling. Third, Delay Time / ps

reactlop ml)ftures were prepared in bl.ackened glass bulbs andFigure 2. Typical CI@Ps) (= denoted Cl) decay profile observed in
useql e|the'r |mmed|ately or after stapdlng for 5 da}ys. Therg WaS an experiment using a mixture of 0.2 mTore@hd 38 mTorr butanone
no discernible effect of (i) choosing different chemical suppliers, in 6.57 Torr of Ar diluent. The Cl atoms were detected directly by the
(i) freeze-pump—thaw cycling, or (iii) leaving reaction  VUV-LIF spectroscopy technique at 134.72 nm. At each time delay,
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mixtures to stand in the dark for 5 days. the LIF signal was averaged over 10 laser shots. The [@lue was
6.8 x 109 cm3. The initial jump in the profile reflects the photolytic
3. Results formation of Cl atoms from Glat 351 nm The insert shows a

semilogarithmic plot of the temporal decay of the VUV-LIF signal of

In the present study, @ketone/Ar gas mixtures were .
. . .2 L . Cl. The delay times between the pump and probe laser pulses were
subjected to 351-nm pulsed laser irradiation to initiate reactions .,woled by a digital delay generator.

1-7. Ch has a broad absorption between 280 and 50Ghm,

and CI@P) atoms are produced following the photoabsorption.

Matsumi et af* measured the branching ratios between the The decay of the CIPs,) LIF signal shown in Figure 2
spin—orbit states of CAP) produced from Glphotodissociation  contains information on the kinetics of the reaction of Cl atoms
between 266 and 500 nm by means of resonance-enhancegith butanone. The curve through the data in Figure 2 is a least-
multiphoton ionization spectroscopy. The reported value of [CI*- squares fit of a first-order decay to the data at delay timés
(*P12)J/[CI(?Ps2)] = 0.016+ 0.001 at 355 nm is expected to s, As seen from Figure 2, the first-order fit provides a good
be close to that at 351 nm. Actually, in our present study, the description of the observed decay of Cl atoms in the system.
LIF intensity of CI*(*Py;) at 135.17 nm corresponding to the  The temporal losses of CRy) followed pseudo first-order
Cl(3p° 2Py2—3p’4s ?Pyp) transition was found to be negligibly  kinetics at delay times 1 us in all experiments. Pseudo first-
small compared with that of CRy);) at 134.72 nm. We conclude  order rate constants obtained from fits such as that shown in

that physical quenching and/or chemical reaction of @) Figure 2 are plotted versus the reactants concentration in Figure

does not interfere with our kinetic measurements. 3. As seen from the data in Figure 3, there was no discernible
The Cl atoms produced from photodissociation of &11351 effect of subjecting the ketone samples to freegemp-thaw

nm have a nascent kinetic energy of 12.1 kcal Thah cycling before use or, in the case of 2-pentanone, choosing

laboratory frame. To thermalize the translationally hot Cl atoms, (ifferent chemical suppliers. The straight lines through the data
~6.5 Torr of Ar diluent was added to the reaction mixtures. in Figure 3 are linear least-squares fits which have slopes equal
Doppler profiles of the Cl atoms as a function of delay time tg the bimolecular rate coefficients for reactions7L The results
were recorded by scanning the VUV laser wavelength to ensuregre Jisted in Table 1. Quoted uncertainties include two standard
that the entire thermalization of the translational energy of Cl deviations from the |east_squares fit ana|ysis and Systematic
atoms was achieved before their reaction with ketones. The yncertainties such as precision of concentration determinations.
Doppler shifts reflect the velocity components of the ClI

fragments along the propagation direction of the probe laser 4 piscussion

beam3> We observed that the translational energy distribution

of Cl atoms was thermalized by collisions with Ar withinus. The results from the present work are compared to the
Kinetic data were acquired by fitting the Cl atom decay traces literature data in Table 1. Reaction of Cl atoms with ketones is
at times> 1 us. believed to proceed predominantly via a hydrogen atom

Figure 2 shows a typical trace of the @&,) LIF signal at abstraction mechanism. In the case of thetGlcetone reaction,
134.72 nm obtained in an experiment using a mixture of 0.2 evidence for a small (approximately 1%) contribution of an
mTorr of Ch and 38 mTorr of butanone in 6.57 Torr of Ar elimination pathway giving CkC(O)Cl and CH radicals has
diluent. The probe laser wavelength was fixed at the center of been reporte@ Larger ketones (butanone, pentanone, etc.) have
resonance line CI{® 2Ps,—3p*4s2P3)) at 134.72 nm. The LIF more C-H bonds, hydrogen abstraction will be even more
signal exhibits an initial jump at= 0 reflecting the instanta- dominant than with acetone, and the contribution of the
neous production of Cl atoms by the 351-nm pulsed laser elimination channel is expected to s %. Given the expecta-
photolysis of CjJ. After the initial jump, there is a slow decay tion that the reactions listed in Table 1 proceed via hydrogen
of the LIF signal which we attribute to chemical loss of CI abstraction mechanisms, no effect of total pressure on the
atoms. reaction kinetics is expected. Consistent with this expectation,

To check for interference caused by fluorescence from speciesin all cases in which the reactions have been studied over a
other than CRPs;) atoms, the VUV laser wavelength was range of pressure, no effect of total pressure on the kinetics has
scanned around the Cl atom resonance line using the saméeen observet?:13The differences in total pressure used in the
experimental conditions as for the time profile shown in Figure Vvarious studies listed in Table 1 does not explain the differences
2. Only the sharp peak of the @R/,) LIF signal was observed  between the rate coefficients derived in some of the studies.
at 134.72 nm; there was no discernible signal at wavelengths The individual reactions are discussed in turn below.
around the CI atom resonance line. This result suggests that 4.1. Acetone.As shown in Table 1, the rate coefficient for
the present work is free from complications caused by fluores- the reaction of Cl atoms with acetone has been the subject of
cence from species such as CO molecules other th&Rs)( numerous investigations using a variety of absolute and relative
atoms. rate techniques. The result from the present work is in very
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Figure 3. Pseudo-first-order plots for (a) acetone and butanone, (b) 2-pentanone and 3-pentanone, (c) 2-hexanone and 3-hexanone, and (d)
cyclopentanone. The ketone samples were used before (open symbols) and after (filled symbotg)dirapz¢haw cycling. Samples of 2-pentanone

were purchased from two different suppliers (Wako Pure Chemical Industries Ltd. and Lancaster Co.). The lines through the data are linear least-
squares fits.

TABLE 1: Rate Coefficients for Reactions of Cl Atoms with Selected Ketones at Room Temperature

total buffer experimental
compound rate coefficieht pressure gas techniqué refs
acetone (2.320.12)x 10712 700 N relative 6
(1.694£0.32)x 10712 760 N relative 7
(3.06+ 0.38) x 10712 15-60 He PLP-RF 12
2.0+£0.3)x 1072 760 air relative 8
(
(2.2+0.4)x 10712 700 Q/N; relative 9
2.93+0.20)x 10712 20—200 He PLP-RF 13
(
(2.00+ 0.09) x 10712 760 air relative 10
(2.2+0.4)x 10712 760 N, air relative 11
(2.20+0.14)x 10712 1 He DF-MS 14
2.304+0.12)x 10°%? 6.6 Ar PLP-LIF this work
(
butanone (4.1 0.57)x 10712 700 N relative 6
3.244+0.38)x 10 15-60 He PLP-RF 12
(
(3.304£0.20)x 107* 20—200 He PLP-RF 13
(3.27+ 0.55)x 1071t 60—80 He PLP-RF 15
(4.044£0.33)x 10712 700 N, air Relative 16
(4.08+0.21)x 107t 6.6 Ar PLP-LIF this work
2-pentanone (4.5 0.28)x 10712 20-200 He PLP-RF 13
(4.17+1.21)x 1071t 60-80 He PLP-RF 15
(1.11£0.13)x 10°7%© 700 N, air Relative 16
(1.23+0.13)x 107%° 6.6 Ar PLP-LIF this work
3-pentanone (4.5 0.32)x 10°1* 20-200 He PLP-RF 13
(5.94+ 0.5) x 10711 1 He DF-MS 17
(8.11+0.98)x 1071t 700 Np,air Relative 16
(8.87+0.92)x 1071* 6.6 Ar PLP-LIF this work
cyclopentanone (4.76€ 0.33)x 10°% 760 N Relative 7
(1.114+0.10)x 107%° 700 N Relative 19
(1.16+0.12)x 10710 6.6 Ar PLP-LIF this work
2-hexanone (6.54 0.58) x 10711 20-200 He PLP-RF 13
(6.56+ 0.98) x 1071t 60-80 He PLP-RF 15
(1.884£0.22)x 1071 700 N, air Relative 16
(2.084+0.32)x 10710 6.6 Ar PLP-LIF this work
3-hexanone (6.6% 0.62) x 10711 20-200 He PLP-RF 13
(83£1.7)x 1071 1 He DF-MS 17
(1.404 0.24)x 1071 700 N, air relative 16
(1.43+0.19)x 1071 6.6 Ar PLP-LIF this work

2 Units of cn? molecule s2, uncertainties are®statistical errors? Units of Torr.© Experimental techniques: RR, relative rate; PLP-LIF,
pulsed laser photolysis coupled with vacuum ultraviolet laser-induced fluorescence spectroscopy; PLP-RF, pulsed laser photolysis coupled with
resonance fluorescence detection; DF-MS, discharge flow mass spectrometric technique.

good agreement with 6 of the 9 previous studies. The value of measuring the concentration of N@dicals formed from the

k, reported by Olsson et &lies approximately 25% below that  Cl + CIONG; reaction. Acetone competes with CION®r
measured in the present work. Olsson étdgrived their kinetic the available Cl atoms and suppresses the concentration £f NO
data by irradiating GICIONO,/acetone/air mixtures and radicals. Kinetic data were acquired by studying the competition
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between acetone and CIOMGor the available Cl atoms.
Acetone was introduced into the system by bubbling a fraction
of the diluent gas through liquid acetone at 294 K. The

concentration of acetone was calculated from its vapor pressure

and the appropriate flow rates. As discussed elsewiiehgs
method requires accurate knowledge of the diluent flow rates,

temperature of the acetone liquid, and the acetone vapor 3-pentanone

pressure. It seems likely that error in one or more of these
guantities explains the erroneously low valuekpfeported by
Olsson et al.

As seen from Table 1, Notario et ®and Albaladejo et a
reported values fdk; which are approximately 30% higher than
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TABLE 2: Rate Coefficients for Cl and OH Reactions and
Estimated Atmospheric Lifetimes

compound koH a kelb Ton/day  tc/day?
acetone 1.8x 101 23 x10** 64.3 50-500
2-butanone 1.2x 107%2¢ 4.08x 10°* 9.6 3-30
2-pentanone 456 10712F 1.23x 10°1° 25 0.9-90
2.9x 107129 8.87x 1071 5.6 1.3-13
cyclopentanone 2.94 107%2" 1.19x 10°1° 4.0 1-10
2-hexanone 6.64& 107129 2.11x 107 1.7 0550
3-hexanone 6.96 107121 1.36x 10710 1.7 0.9-9.0

a|n units of cn® molecule* s1. ® Determined in this work; in units
of cm® molecule? s, ¢ Lifetime with respect to reaction with OH
radicals assuming [OHF 10° cm3. 9 Lifetime with respect to reaction

those measured in the present work. At first glance, given the with CI atoms assuming [Cl= 10*—10° cm3. ¢ Reference 41.
similarity of the experimental techniques (pulsed laser photolysis * Reference 42¢ Reference 43" Reference 44.Reference 45.

of Cl, to generate Cl atoms, VUV fluorescence to detect the ClI

atoms) the discrepancy seems rather surprising. However, on

inspection of the experimental conditions, it seems likely that
additional loss of Cl atoms via reaction with @E{O)CH,
radicals seems a likely explanation for the overestimatiok of

in the previous PLP-RF studies. The reactions of Cl atoms with

alkyl radicals proceed rapidly. It is reasonable to suppose that

the reactivity of Cl atoms toward G&(O)CH, radicals is 2
orders of magnitude greater than toward acetone.
experiments of Notario et & and Albaladejo et ak3 the
[acetone]/[Clp ratio was 66-1100. Loss of Cl atoms via reaction
with CH3C(O)CH; radicals was probably a complicating factor
leading to an overestimation ¢ in the previous PLP-RF
experiments. In our present work, the [acetone]{@}io was
2.1 x 10*to 1.1 x 10 and loss of Cl atoms via reaction with
CH3C(O)CH, radicals will not be significant.

It is worth noting that problems associated with additional
loss of Cl atoms via reaction with products will be exacerbated
when low-reactivity reactants are studied. This factor probably
explains the fact that Notario et Breportk(Cl + CH3C(O)-
CHCl) = 4.16 x 1013 cm® molecule’! s71, which is 2.4 times
that from relative rate studidgCl + CH3C(O)CHCL) = 1.7
x 10713 cm® molecule’® s71 11 Also, we note that Notario et
al2report a value fok(Cl + CH3C(O)CHCI) = 3.5 x 10712
cm® molecule’® s71, which is 1.8 times larger than found in
relative rate studie&(Cl + CH3;C(O)CHCI) = 2.0 x 10712
cm® molecule! s71 1%,

Averaging the results from Wallington et &Qrlando et al®
Christensen et al?, Sellevag et al!? Carr et all! Martinez et
al.* and the present work givdg = (2.184 0.13) x 10712
cm® molecule! s71 at 2964+ 2 K.

4.2. Butanone, 2- and 3-Pentanone, and 2- and 3-Hex-
anone.As seen from Table 1, the results from the present PLP-
LIF study of the reactions of Cl atoms with butanone,

In the

the regeneration of Cl atoms will proceed on a time scale
comparable to that of the previous experimental observations.
The regeneration of Cl atoms will lead to a decrease in the
measured rate of Cl atom decay and an underestimation of the
rate constants. This problem was recognized by the previous
workers!2131517and in some control experiments, oxygen was
added to scavenge the alkyl radicals with no impact on the
measured kinetics. However, the addition of guenches the
fluorescence signal, and relatively small amountsx(110'6
molecule cm?3) of O, were added. The sensitivity of these
control experiments is unclear. A likely explanation for the
underestimation of the reactivities of butanone, 2-pentanone,
3-pentanone, 2-hexanone, and 3-hexanone in the previous
absolute rate experiments is the regeneration of Cl atoms via
reaction of radicals products with CI'his problem was avoided

in the present work by using lower [{land higher [ketone] as
compared with the previous studies, hence decoupling the time
scale for Cl atom regeneration from that of the experimental
observations. Finally, we note that, in the present experiments,
the concentration ratio [ketone]/[Gljvas sufficiently high (18-

1CP) that we can neglect the loss of Cl atoms by reaction with
products of the reaction of chlorine atoms with ketones.

4.3. Cyclopentanone.The reactivity of Cl atoms toward
cyclopentanone measured in the present work is in good
agreement with a previous study by Wallington et°dut it is
approximately twice that reported by Olsson et Bbr reasons
discussed in section 4.1, we believe the data from Olsson et
al.’ to be in error. Given the agreement between the present
PLP-LIF measurements and the previous relative rate studies,
we believe the kinetics of the reaction of Cl atoms with
cyclopentanone are now reasonably well established. We
recommend the average of the results from the relative rate and
present studies (with errors which encompass the extremes of
the two determinations)k; = (1.14 &+ 0.14) x 10710 cm®

2-pentanone, 3-pentanone, 2-hexanone, and 3-hexanone are imolecule! st at 296+ 2 K.

good agreement with previous relative rate stutfiebut are

4.4. Structure Reactivity Relationship to Estimatek(Cl

in disagreement with the previous absolute rate determina-+ ketones). The present results support and strengthen our
tions12131517 The magnitude of the disagreement is quite previous findings that while the carbonyl functionality has a
striking and increases with the reactivity of the ketone. While strong deactivating influence on-@ bondsa to the >C=0

it is somewhat difficult to provide a definitive explanation for group, there is no evidence that this effect extends teHC
these discrepancies, it is worth noting that the concentration of bondsg or y to the>C=0 group'® Assuming that the reactivity

Cl, used in the previous absolute rate work(tfiolecule crm?
1213151y was approximately a factor of715 higher, and the

of the alkyl groups in ketones are independent, we derived the
following group rate constants which can be used to describe

average concentrations of ketones were approximately 10 timesthe reactivities of ketones toward Cl atomg-—CHz) = 1.05

lower than used in the present work. The presence pt&h

x 10712, kK(=CpHs) = 4.05x 1071, k(~CgHy7) = 1.03x 1071,

be problematic in absolute rate experiments because alkylandk(—CsHo) = 1.86 x 1071°cm? molecule? s71.16 The results

radicals formed in the system will react with,@b regenerate
Cl atoms. Reactions of alkyl radicals with Qiroceed with rate
constants which are typically of the order of 10 cm?
molecule! s1. In the presence of tOmolecule cm? of Cly,

from the present work increase our confidence in the group rate
constants derived previousl.

4.5. Atmospheric Implications. The kinetic data in Table 1
can be used to estimate the atmospheric lifetime of ketones with
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respect to reaction with Cl atoms. Cl atoms are present in

concentrations of the order of 4010° cm™3 in the marine

boundary layer (lowest approximately 1 km of atmosphere above

the oceansy’-38Using [Cl] = 10*—10° cm3 and assuming [OH]
= 10° cm3 gives the lifetimes with respect to reaction with CI
and OH listed in Table 2. Calvert et ®lestimated photolytic

loss rates of butanone, 2-pentanone, and 2-hexanone to b

approximately 3x 1075, (1.0+ 0.3) x 1075, and (3% 2) x
10°%s71, respectively, for a solar zenith angle oP4Bhotolysis,

Takahashi et al.

(10) Sellevag, S. R.; Nielsen, C. 8sian Chem. Lett2003 7, 15.
(11) Carr, S.; Shallcross, D. E.; Canosa-Mas, C. E.; Wenger, J. C.;

Sidebottom, H. W.; Treacy, J. J.; Wayne, R.APhys. Chem. Chem. Phys.
2003 5, 3874.

(12) Notario, A.; Mellouki, A.; Le Bras, GInt. J. Chem. Kinet200Q

32, 62.

(13) Albaladejo, J.; Notario, A.; Cuevas, C. A.; Ballesteros, B.; Martinez,
. J. Atmos. Chen003 45, 35.
(14) Martinez, E.; Aranda, A.; Diaz de Mera, Y.; Rodriguez, A.;
Rodriguez, D.; Notario, AJ. Atmos. Chenm2004 48, 283.
(15) Cuevas, C. A.; Notario, A.; Martinez, E.; AlbaladejoPdys. Chem.

reaction with OH, and reaction with Cl all probably play a role Chem. Phys2004 6, 2230.

in the removal of ketones from the marine boundary layer. In
the free troposphere (altitudes greater than approximately 1 km)

(16) Taketani, F.; Matsumi, Y.; Wallington, T. J.; Hurley, M. Dhem.
Phys. Lett 2006 431, 257.
(17) Aranda, A.; Diaz de Mera, Y.; Rodriguez, A.; Morales, L.; Martinez,

and in the terrestrial boundary layer, the concentrations of Cl E. J. Phys. Chem. 2004 108 7027.

atoms are lower than $@m~3 and reaction with CI will not be
of any significance. Heterogeneous uptake onto draffletaild

also be a competing loss mechanism for ketones in the

troposphere.

5. Conclusions

(18) Ljungstian, E.; Hallquist, M.Int. J. Chem. Kinet1998 30, 311.

(19) Wallington, T. J.; Guschin, A.; Hurley, M. Dnt. J. Chem. Kinet.
1998 30, 309.

(20) Hitsuda, K.; Takahashi, K.; Matsumi, Y.; Wallington, TJJPhys.

Chem. A2001, 105 5131.

(21) Hitsuda, K.; Takahashi, K.; Matsumi, Y.; Wallington, T.Chem.
Phys. Lett.2001, 346, 16.
(22) Taketani, F.; Takahashi, K.; Matsumi, Y.; Wallington, TJ.JPhys.

This work presents the first application of PLP-LIF techniques Chem.2005 A109 3935.

to study the kinetics of the gas-phase reactions of Cl atoms with
C3—Cs ketones. The goal of this work was to resolve the large

(23) Taketani, F.; Takahashi, K.; Matsumi, ¥..Phys. Chem. 2005
109, 2855.
(24) Taketani, F.; Yamasaki, A.; Takahashi, K.; Matsumi, Ghem.

discrepancies in the literature data base for these reactions. Theyys | ett2005 406 259.

results from the PLP-LIF study in 6 Torr of Ar diluent are in

(25) Sander, S. P.; Friedl, R. R.; Golden, D. M.; Kurylo, M. J.; Moortgat,

very good agreement with those from a recent relative rate studyG. K.; Keller-Rudek, H.; Wine, P. H.; Ravishankara, A. R.; Kolb, C. E;

in 700 Torr of N, or air, diluent. The excellent consistency

between these two sets of data, combined with the likelihood
that (i) secondary loss of Cl atoms via reaction with products

Molina, M. J.; Finlayson-Pitts, B. J.; Huie, R. E.; Orkin, V. Chemical
Kinetics and Photochemical Data for use in Atmospheric Styuiealuation
No. 15, JPL Publication 06-2, 2006.

(26) Donohoue, D. L.; Bauer, D.; Hynes, A. . Phys. Chem2005

and (i) regeneration of Cl atoms via reaction of radical products A109 7732.

with Cl, were significant complications in previous absolute

(27) Robin, M. B.Higher Excited States of Polyatomic Molecules

Academic Press: New York, 1975; Vol. Il.

rate studies, serves to resolve the discrepancies in the literaturé ~ »g) ponaldson, D. J.; Leone, S. B. Phys. Cheml986 88, 817.

data base.
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