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Using a relative rate method, rate constants have been measured-at2Rfor the gas-phase reactions of

the OH radical with 1-hydroxy-2-butanone, 3-hydroxy-2-butanone, 1-hydroxy-3-butanone, 1-hydroxy-2-methyl-
3-butanone, 3-hydroxy-3-methyl-2-butanone, and 4-hydroxy-3-hexanone, with rate constants (in unit$ of 10
cm® molecule*s™) of 7.7+ 1.7, 10.3+ 2.2, 8.1+ 1.8, 16.2+ 3.4, 0.944 0.37, and 15.1 3.1, respectively,

where the error limits include the estimated overall uncertainty in the rate constant for the reference compound.
Rate constants were also measured for reactions withréificals and @ Rate constants for the N@adical
reactions (in units of 10 cm?® molecule* s™) were 1-hydroxy-2-butanones9; 3-hydroxy-2-butanone, 6.5

=+ 2.2; 1-hydroxy-3-butanones 22; 1-hydroxy-2-methyl-3-butanone,22; 3-hydroxy-3-methyl-2-butanone,

<2; and 4-hydroxy-3-hexanone, #24, where the error limits include the estimated overall uncertainties in
the rate constants for the reference compounds. No reactions witlei@ observed, and upper limits to the

rate constants of1.1 x 107'° cm?® molecule s were derived for all six hydroxycarbonyls. The dominant
tropospheric loss process for the hydroxycarbonyls studied here is calculated to be by reaction with the OH
radical.

Introduction lamps for irradiation, at 296 2 K and 740 Torr total pressure
of purified air at~5% relative humidity. This chamber is fitted
with a Teflon-coated fan to ensure the rapid mixing of reactants
during their introduction into the chamber.

Kinetic Studies. Rate constants for the OH radical and NO
radical reactions were determined using relative rate methods
in which the relative disappearance rates of the hydroxycarbo-
nyls and a reference compound, whose OH radical oz NO
radical reaction rate constant is reliably known, were measured
in the presence of OH radicals or N@adicals!®14Providing
that the hydroxycarbonyls and the reference compound(s)
reacted only with OH radicals or NQadicals, thet?14

Volatile organic compounds present in the atmosphere can
undergo photolysis and chemical reaction with OH radicalss NO
radicals, and @%2 with the OH radical reaction being an
important, and often dominant, atmospheric loss probéss.
Hydroxycarbonyls are formed as atmospheric reaction products
of organic compounds; for example, 1,4-hydroxycarbonyls are
formed from the OH radical-initiated reactions of alkahés
and 1,2-hydroxycarbonyls can be formed from the OH radical-
initiated reactions of alkenés? Because of difficulties in the
analysis of this class of compounds, few data are presently
available concerning their atmospheric chemidfry? It is

expected that the dominant atmospheric loss process for

hydroxycarbonyls not containirgC=C< bonds is by daytime [hydroxycarbonyl;lo N =

reaction with the OH radical, with photolysis also being [hydroxycarbonyl] !

possiblel2 To date, rate constants for the reactions of the OH K [reference compoun

radical with hydroxycarbonyls have been measured only for in °1—-D (1
glycolaldehyd& [HOCH,CHO] and hydroxyacetoi&!? k| '\ [reference compoun '
[HOCH,C(O)CHg].

In this work, we have measured rate constants for the gas-where [hydroxycarbonyl] and [reference compoungre the
phase reactions of the hydroxycarbonyls 1-hydroxy-2-butanone,concentrations of the hydroxycarbonyl and reference compound,
3-hydroxy-2-butanone, 1-hydroxy-3-butanone, 1-hydroxy-2- respectively, at timeto, [hydroxycarbonyl] and [reference
methyl-3-butanone, 3-hydroxy-3-methyl-2-butanone, and 4-hy- compound]are the corresponding concentrations at tim;
droxy-3-hexanone with OH radicals, N@adicals, and @at is a factor to account for any dilution due to additions to the
296 + 2 K. In addition, we have investigated the products chamber during the reactions, adandk; are the rate constants
formed from the reactions of the OH radical with 3-hydroxy- for reactions 1 and 2, respectively.
2-butanone and 4-hydroxy-3-hexanone.

OH
Experimental Section NO, } + hydroxycarbonyl — products (1)

Experiments were carried out in a 7900 L Teflon chamber,

equipped with two parallel banks of Sylvania F40/350BL black } + reference compound — products (2)

NO,
*To whom correspondence should be addressed.
D TAIfO Intterfd Epartmemalt ﬁ)rgg-r am in Environmental Toxicology and OH radicals were generated by the photolysis of methyl nitrite
epartment o nvironmental Sciences. : .
* Also Department of Chemistry. (CH3ONO) in air at wavelengths 300 nm!®> and NO was added

10.1021/jp9939874 CCC: $19.00 © 2000 American Chemical Society
Published on Web 04/05/2000



Atmospheric Chemistry of Selected Hydroxycarbonyls J. Phys. Chem. A, Vol. 104, No. 17, 2008999

to the reactant mixtures to suppress the formation gfaad The initial concentrations of the hydroxycarbonyls, cyclo-
hence of NQ radicals!® The initial reactant concentrations (in  hexane, and ©were~2.4 x 1013, 3.5 x 105, and 3.44x 104
molecules cm? units) were CHONO, (2.1-2.4) x 10*; NO, molecules cmd, respectively, and the reactions were monitored

(1.8-2.2) x 10 and hydroxycarbonyl and reference com- for up to 3.8 h. The concentrations of the hydroxycarbonyls
pound,~2.4 x 10% each.n-Octane was used as the reference were measured by GC-FID as described above. Ozone concen-
compound for the OH radical rate constant determinations, andtrations were measured by ultraviolet absorption using a Dasibi
irradiations were carried out for-645 min. No additions were ~ 1003-AH ozone analyzer.
made to the chamber during the OH radical reactions, and hence Product Studies. Products were identified and quantified
D: = 0 for these experiments. To assess the importance offrom the reactions of the OH radical with 3-hydroxy-2-butanone
photolysis of the hydroxycarbonyls during the OH radical rate and 4-hydroxy-3-hexanone, from both the kinetic experiments
constant determinations, the hydroxycarbonyl@ x 1013 (see above) and irradiated @BNO—NO—3-hydroxy-2-bu-
molecules cm?® each) were photolyzed in air in the presence tanone (or 4-hydroxy-3-hexanoredir mixtures by GC-FID and
of 7.1 x 10* molecules cm? of cyclohexane (to scavenge any by combined gas chromatographyass spectrometry (GE
OH radicals formed during the irradiation) for up to 60 min at MS). The initial reactant concentrations and GC-FID analysis
the same light intensity as used in the kinetic experiments.  procedures were similar to those employed in the kinetic
For the measurement of the rate constants for the reactionsexperiments described above. Gas samples were collected onto
of the NG; radical with the hydroxycarbonyls, N@adicals were Tenax-TA solid adsorbent for the G®S analyses, with
generated in the dark by the thermal decomposition GigN6.17 thermal desorption onto a 60 m DB-5 fused silica capillary
and 1-butene, crotonaldehyde [gEH=CHCHO], or methac- column in a HP 5890 GC interfaced to a HP 5970 Mass
rolein [CH,=C(CH3)CHO] were used as the reference com- Selective Detector and operated in the scanning mode.
pounds. The initial reactant concentrations (in molecules®cm Chemicals.The chemicals used, and their stated purities, were
units) were hydroxycarbonyh-2.4 x 103, 1-butene, crotonal-  cyclohexane (high-purity solvent grade), American Burdick and
dehyde, or methacroleir;2.4 x 10'3;, NO,, (2.4-4.8) x 10'%; Jackson; 2,3-butanedione (99%), crotonaldehyde-¢8y 3,4-
and one to four additions of s (each addition corresponding  hexanedione (95%), 1-hydroxy-2-butanone (95%), 3-hydroxy-

to an initial NbOs concentration in the chamber of (3:6.8) x 2-butanone, 1-hydroxy-2-methyl-3-butanone (65%), methac-
10" molecules cm® were made to the chamber during an rolein (95%), andn-octane (99-%), Aldrich Chemical Co.;
experiment. The factdD; to take into account dilution w3, 1-hydroxy-3-butanone (95%), 4-hydroxy-3-hexanone (9%%),

= 0.0012 per MOs addition to the chamber. and 3-hydroxy-3-methyl-2-butanone (9), TCI America; and

The concentrations of the hydroxycarbonyls and the referenceNO (>99.0%) and 1-butene=©9.0%), Matheson Gas Products.
compounds were measured by gas chromatography with flamemethyl nitrite and NOs were prepared and stored as described
ionization detection (GC-FID) during the experiments. For the previously®16 and NQ was prepared just prior to use by
analysis of the hydroxycarbonyls;octane, crotonaldehyde and  reacting NO with an excess 0bDsin O, diluent was prepared
methacrolein, 100 cfrvolume gas samples were collected from a5 needed using a Welsbach T-408 ozone generator.
the chamber onto Tenax-TA solid adsorbent, with subsequent
thermal desorption at225°C onto a 30 m DB-1701 megabore  Results
column held at 0C and then temperature programmed to 200 ) ) o
°C at 8°C min~L. For the analysis of 1-butene, gas samples Photply3|.s.Phot'0IyS|s of the.hydroxycarbor\yls in air at the
were collected from the chamber in 100%atl-glass, gastight ~ Same I!ght_ intensity as used in the OH radical rate constant
syringes and transferredavia 1 cnd stainless steel loop and ~ determinations for up to 60 min showed2% loss of any
gas sampling valve onto a 30 m DB-5 megabore column held hydr_oxycarbonyl. Hgnce photolysis _of the hydroxycarbonyls
at—25°C and then temperature programmed to 20Gt 8°C studied was of no importance during the {MO-NO-
min~’. Based on replicate analyses in the dark, the GC-FID hydroxycar_bonyl—n-octan&a_lr |rrad|at!ons employed for the_
measurement uncertainties for the hydroxycarbonyls were _determlnatlon_of_ the OH rad|c_al reaction rate constants (which
typically <2%. GC-FID response factors for the hydroxycar- |nvqlved irradiation for.s45 mln). Furthermore, over the 5-h
bonyls, the reference compounds, and selected products (Se@erlod of the photolysis experiment the' concentrations of the
below) were determined by introducing measured amounts of hydroxycarbonyls changed by2%, showing that dark decays
the chemicals into the 7900 L chamber and conducting several©f the hydroxycarbonyls were also negligible.

replicate GC-FID analysé§NO and initial NG concentrations OH Radical Rate Constants.A series of CHONO-NO—
were measured using a Thermo Environmental Instruments, Inc.,hydroxycarbonyt-n-octane-air irradiations were carried out, -
Model 42 chemiluminescent NENOy analyzer. and the data obtained are plotted in accordance with eq | in

Rate constants, or upper limits thereof, for the reactions of Figures 1 and 2. Good straight line plots are observed, and the
the hydroxycarbonyls with ©were determined in the dark by ~ rate constant ratioki/k, obtained from least-squares analyses
measuring the decay rates of the hydroxycarbony]s in the of the data are giVen in Table 1. These rate constant ratios are
presence of measured concentrations ef%° Cyclohexane  Placed on an absolute basis by use of a rate conkjdat the
was added to the reactant mixtures to scavenge any OH radicalgeactions of the OH radical with-octane at 296 K of 8.6%
formed in the reaction systems. Providing that any measured 10~*2cm® molecule'! s* (+20%)? The resulting rate constants
loss of the hydroxycarbonyls was due only to reaction with O ki are also given in Table 1.
then OH Radical Reaction Products. GC-FID analyses of ir-

radiated CHONO—NO—hydroxycarbonyt-n-octane-air mix-
In([hydroxycarbonyl}/[hydroxycarbonyl) = kj[Og](t — t,) tures showed the formation of products from the 3-hydroxy-2-
(N butanone and 4-hydroxy-3-hexanone reactions (but not from the
other hydroxycarbonyls). Matching of GC retention times and
whereks is the rate constant for the reaction mass spectra with those of authentic standards showed that the
products are 2,3-butanedione (biacetyl) from 3-hydroxy-2-
O; + hydroxycarbonyt— products 3) butanone and 3,4-hexanedione from 4-hydroxy-3-hexanone.
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TABLE 1: Rate Constant Ratios ki/k, and Rate Constants
ki for the Gas-Phase Reactions of the OH Radical with
Hydroxycarbonyls at 296 + 2 K

CH,C(O)CH(OH)CH,

101%,P
hydroxycarbonyl ki/kz2 (cm® molecule? s74)

124 GH,CH,C(O)CH(OH)CH,CH, CHsCH,C(O)CH,OH 0.893+ 0.083 7.7£17

CHsC(O)CH(OH)CH 1.19+ 0.05 10.3+2.2

CHsC(O)CH,CH,0OH 0.940-+ 0.082 8.1+ 1.8

CHsC(O)CH(CH;)CH,OH 1.87+0.09 16.2+ 3.4

(CH3).C(OH)C(O)CH, 0.108+ 0.036 0.94+ 0.37
0.8 CHsCH,C(O)CH(OH)CHCH; 1.744+ 0.07 15.14+ 3.1

an-Octane used as the reference compound. The indicated errors
are two least-squares standard deviati§iaced on an absolute basis
by use of a rate constant ki(n-octane)= 8.67 x 1072 cm® molecule™
571 (£20%) at 296 K The indicated errors include the estimated overall

In([Hydroxycarbonyl], /[Hydroxycarbonyl],)

0.4 4 . -
uncertainty in the rate constakt
. CH,CH,C(O)CH,0H 20
0.0 © I x w CH,CH,C(O)C(O)CH,CH
0.0 0.2 0.4 06 0.8 3v .2 2
: 16 { from CH,CH,C(O)CH(OH)CH,CH,
In([n-Octane], /[n-Octane],)
Figure 1. Plots of eq | for the gas-phase reactions of the OH radical
with 1-hydroxy-2-butanone, 3-hydroxy-2-butanone, and 4-hydroxy-3- 12 |

hexanone, withn-octane as the reference compound. The data for
3-hydroxy-2-butanone and 4-hydroxy-3-hexanone have been displaced
vertically by 0.2 unit for clarity.

10" x [a-Dicarbonyl] ., molecule em?

1.0 81

’_-—\-; CH,C(O)CH(CH,)CH,OH

§ 08 41 00O CH,C(0)C(O)CH,

© CH,C(0)CH,CH,OH from CH,C(O)CH(OH)CH,

S

3

-§ 0.6 0 T T T

T 0 4 8 12 16

;9 10" x [Hydroxycarbonyl] reacted, molecule cm?

=

S 04 4 Figure 3. Plots of amounts of 2,3-butanedione and 3,4-hexanedione

£ formed, corrected for secondary reactions (see text), against amounts

3 of 3-hydroxy-2-butanone and 4-hydroxy-3-hexanone reacted with the

< OH radical. The data for 3,4-hexanedione have been displaced vertically

£ 02- by 4.0 x 10'2 molecules cm? for clarity.

= (CH,),C(OH)C(O)CH,

= formed, corrected for secondary reactions, against the amounts

- 00 of 3-hydroxy-2-butanone and 4-hydroxy-3-hexanone reacted are
‘ shown in Figure 3. Least-squares analyses leads to formation

0.0 sz 0f4 ois 08 yields of 2,3-butanedione from 3-hydroxy-2-butanone of 0.79

+ 0.14 and of 3,4-hexanedione from 4-hydroxy-3-hexanone of
0.84+ 0.07, where the indicated errors are two least-squares
Figure 2. Plots of eq | for the gas-phase reactions of the OH radical standard deviations combined with estimated overall uncertain-

with 3-hydroxy-3-methyl-2-butanone, 1-hydroxy-3-butanone, and 1-hy- oq iy the GC-FID response factors for the hydroxycarbonyls
droxy-2-methyl-3-butanone, witlroctane as the reference compound. .
and a-dicarbonyls of+£5% each.

Photolysis of 2,3-butanedione and 3,4-hexanedione in air in the NO3 Radical Rate Constants.A series of reacting N&-
presence of cyclohexane (to scavenge any OH radicals) led toN,Os—NO,—hydroxycarbonyt1-butene (or crotonaldehyde or
photolysis rates of (1.2% 0.56) x 103 and (1.524 0.18) x methacrolein)-air mixtures were carried out. For 3-hydroxy-
1073 min~1, respectively, corresponding to losses of 5.5% and 3-methyl-2-butanone, no reaction was observe®%) in

7%, respectively, over the maximum total photolysis times of experiments in which a large fraction of the initial 1-butene or
45 min in the OH radical reactions. 2,3-Butanedione and 3,4- methacrolein was consumed (78% and 59%, respectively), and
hexanedione also react with the OH radical, with rate constantsupper limits to the rate constant ratikgk, are given in Table

at room temperature of 2.4 10713120and 2.5x 10712 cm?® 2. For the other five hydroxycarbonyls studied here, the
molecule® s1 (estimated!), respectively. The measured con- measured concentrations decreased during the reactions, but with
centrations of 2,3-butanedione and 3,4-hexanedione were corplots of eq | showing a significant nonzero intercept. Rate
rected for photolysis and reaction with OH radicals (the constant ratios obtained by least-squares analyses of the data
maximum corrections being 3.4% and 13%, respectively), and from each experiment (in general, data from separate experi-
plots of the amounts of 2,3-butanedione and 3,4-hexanedionements could not be combined because of the varying nonzero

In([n-Octane), /[n-Octane],)
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TABLE 2: Rate Constant Ratios ki/k, and Rate Constantsk; for the Gas-Phase Reactions of the NQRadical with

Hydroxycarbonyls at 296 + 2 K

hydroxycarbonyl ref compd ki/ka? 10%k;° (cm® molecule* s7%)
CH;CH,C(O)CH,OH 1-butene <0.05 <6.6
crotonaldehyde 0.054 0.036 2.8+ 1.9
methacrolein 0.16- 0.07 5.3+ 2.3
CH;C(O)CH(OH)CH 1-butene 0.049%- 0.015 6.5+ 2.0
crotonaldehyde 0.13 0.04 6.6+ 2.1
methacrolein 0.26- 0.05 8.6+ 1.7
methacrolein 0.32 0.04 10.6+ 1.4
CH;C(O)CH,CH,OH 1-butene <0.13 <18
methacrolein 0.4& 0.09 16+ 3
CH;C(O)CH(CH;)CH,OH 1-butene <0.12 <16
methacrolein 0.4% 0.07 16+ 3
(CH3).C(OH)C(O)CH 1-butene <0.020 <2.7
methacrolein <0.039 <1.3
CH;CH,C(O)CH(OH)CHCHs 1-butene 0.09& 0.037 13+5
1-butene 0.10% 0.016 14+ 3
crotonaldehyde 0.2+ 0.05 11+ 3
crotonaldehyde 0.23 0.03 12+ 2
methacrolein 0.43%0.10 14+ 4
methacrolein 0.45-0.05 15+ 2

a|ndicated errors are two least-squares standard deviatiétiaced on an absolute basis by use of rate constartgIbbutene)= 1.32 x
10 cm?® molecule® s715 ky(crotonaldehydey 5.12 x 1075 cm® molecule® s71,22 andky(methacrolein}= 3.3 x 10%° cm® molecule! s 14 at

296 K.

intercepts) are given in Table 2; in some cases these are uppe

limits derived from the data points at the end of the reactions.

on the specific experiment, being in the range-32% for the

-D}

The rate constant ratios obtained using the different reference;;

compounds are in reasonable agreement or, for certain experi-§ 04

ments using 1-butene as the reference compound where onlyg

upper limits were derived, are consistent. It should be noted &, CH,CH,C(O)CH(OH)CH,CH,

that 1-butene is the most reactive of the reference compounds§

employed, being a factor af 10 more reactive toward the NO 2 03

radical than are the hydroxycarbonyls studied here, and henceZ.

leading to most of the initial 1-butene being reacted away while :j

only a small amount of the hydroxycarbonyls had reacted. The §

rate constant ratids/k; are placed on an absolute basis by use £

of rate constants for the reactions of the Nadical with § 0.2 1

1-butene, crotonaldehyde, and methacrolein at 296 K of 1.32 §

x 107145512x 10°1522and 3.3x 10 °cm* moleculels 114 T

respectively. The resulting rate constakisare also given in <

Table 2. E o1

2,3-Butanedione and 3,4-hexanedione were identified and 5 CH,C(O)CH(OH)CH,

quantified as products of the 3-hydroxy-2-butanone and 4-hy- .2

droxy-3-hexanone reactions, respectively. The formation yields =,

of thesea-dicarbonyl products (defined as [amounteofiicar- 5

bonyl formed]/[amount of hydroxycarbonyl reacted]) depended % 0.0 T T
L0 0.0 0.4 08 1.2
Q
S

formation of 2,3-butanedione from 3-hydroxy-2-butanone and
50—93% for the formation of 3,4-hexanedione from 4-hydroxy-
3-hexanone (and with the formation yield often increasing during
the reaction). Plots of (yield ad-dicarbonyl] In([hydroxycar-
bonyl},/[hydroxycarbonyl) — Dy} against In([reference com-
pound]/[reference compoung]— D} should yield plots whose
slopes are&ky/ky, where reaction 4 is that leading to formation
of the a-dicarbonyl.

NO, + RC(O)CH(OH)R— HNO, + RC(O)QOH)R (4)
RC(O)QOH)R + 0, — RC(0)C(O)R+ HO,  (5)

Figure 4 shows such plots for the 3-hydroxy-2-butanone and

4-hydroxy-3-hexanone reactions with methacrolein as the refer-

In([Methacrolein], /[[Methacrolein),) - D,

Figure 4. Plot of (yield of a-dicarbonylyIn([hydroxycarbonyl/
[hydroxycarbonyl) — D¢} agains{In([reference compoung[reference
compound) — Dy} for the gas-phase reactions of the N@dical with
3-hydroxy-2-butanone and 4-hydroxy-3-hexanone, with methacrolein
as the reference compound. Data from two experiments have been
combined.

similar effects), and least-squares analyses of the data after
addition of NOs to the chamber lead to rate constant ratios
ka/ko and rate constants of 0.1974+ 0.030 and (6.5t 2.2) x

1071 cm?® molecule’® s71, respectively, for the 3-hydroxy-2-
butanone reaction, and 0.3380.033 and (1.2- 0.4) x 10715

cm® molecule® st for the 4-hydroxy-3-hexanone reaction,

ence compound. Both plots again show nonzero interceptswhere the indicated errors are two least-squares standard

(possibly due to wall losses of the hydroxycarbonyls during/
immediately after introduction of the first aliquot 0%85 into
the chamber, although further,®s additions did not show

deviations (and those for the rate constdatske into account
the £30% estimated overall uncertainty in the rate conskant
for methacroleitf).
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TABLE 3: Rate Constants k (cm? molecule ! s71) for the Gas-Phase Reactions of the Hydroxycarbonyls Studied with OH and
NO3 Radicals and G; at 296 &+ 2 K, and Comparison of the OH Radical Reaction Rate Constants with Estimated Values

1012kOH
hydroxycarbonyl 18ko, 10"%kn0,? measured estimated
CH5CH,C(O)CH,OH <1.1 <9 77417 3.8
CH,C(O)CH(OH)CH, <11 6.5+ 2. 10.3+2.2 5.9
CH3C(O)CH.CH,0OH <11 <22 8.1+ 1.8 13.9
CHsC(O)CH(CH;)CH,OH <11 <22 16.2+ 3.4 15.3
(CH3).C(OH)C(O)CH <1.1 <2 0.94+ 0.37 1.3
CH3CH,C(O)CH(OH)CHCH; <1.1 12+ 4° 151+ 3.1 11.4

a|ndicated errors include the estimated overall uncertainties in the rate constants for the reference comped®fds bAs described by Kwok
and Atkinsor?! ©These rate constants are thokg (heasured for reaction pathway 4 [see text].

: _ TABLE 4: Calculated Tropospheric Lifetimes for the
O3 Rate Constants.The measured maximum losses ofagas Hydroxycarbonyls Studied Due to Their Gas-Phase
phase hydroxycarbonyls in the presence of 34410 Reactions with OH and NO; Radicals and O
molecules cm?® of Oz over a period of 3.8 h were2—3% in
each case, and within the analytical uncertainties. Assuming

lifetime (days) due to reaction with

maximum hydroxycarbonyl losses due to reaction witha® hydroxycarbonyl OH radicats NOsradicalé  Os°
5% leads to upper limits to the rate constants at 298 K of CH3CH,C(0)CHOH 1.5 >51 >150
ks <1.1 x 1071 cm® molecule! st for each of these CH;C(O)CH(OH)CH 1.1 71 >150
hydroxycarbonyls. CH3C(O)CH,CH,OH 1.4 >21 >150
CH4C(O)CH(CH;)CH,OH 0.71 >21  >150
. _ (CHs),C(OH)C(O)CH 12 >230  >150
Discussion CHsCH,C(O)CH(OH)CHCHs 0.77 39  >150

The lack of observed reaction of the hydroxycarbonyls studied , °With a 24-h average concentration of kQL0° molecules cm?. 2227
with Os is consistent with literature data for the reactions gf O . With a 24-h average concentration of 2510° molecules cm?

. - . . . . ©With a 24-h average concentration ofx7 10** molecules cm?.
with saturated aliphatic ketones and with saturated aliphatic

compounds containing anOH group?*2324Similarly, the rate Rate constants for the OH radical reactions with the hydroxy-
constants derived here for the reactions of theR@ical with  carponyis calculated using the estimation method of Kwok and
the hydroxycarbony.ls studied are consistent with expectations aikinsor?! are in reasonable agreement (to within a factor of
based on the reactions of the Neadical with alcohols and ) wjith our measured rate constants (Table 3), suggesting that

glycol ethers* in that reaction is expected to occur primarily e estimation method gives a reasonably good indication of
(and almost totally) by H-atom abstraction from thelbonds  {he reactive sites in these reactions. As is the case for the

of thg —CH(OH)— and —CH,OH group$4 [for example, by reactions of the OH radical with aliphatic alcohols and
reaction 4]. Thus, (C),C(OH)C(O)CH is expected to be of  qtoned 2 the OH radical reactions proceed by H-atom abstrac-
low reactivity toward the N@radical because of the lack of a  tjon from the various €H bonds and (generally to a minor
C—H bond on the carbon to which theOH group is attached,  gytent) from the G-H bond. As noted above, the OH radical
and our upper limit to the rate constant agrees with this \oqctions are expected to proceed mainly by H-atom abstraction
expectation. Our room temperature rate constants for 1-hydroxy-¢om the G-H bonds of the-CH(OH)— and—CH,OH groups,
2-butanone, 3-hydroxy-2-butanone, 1-hydroxy-3-butanone, 1-hy-\yith the H-atoms on these groups being activated by the
droxy-2-methyl-3-butanone, and 4-hydroxy-3-hexanone are nresence of the-OH substituent groupt The o-dicarbonyl
similar to or slightly lower than those observed for 1- and products observed from 3-hydroxy-2-butanone and 4-hydroxy-
2-propanol, 1- and 2-butanol, 1-methoxy-2-propanol, and 2-bu- 3 hexanone clearly arise after H-atom abstraction from the
toxyethanol (which are in the range (£8.1) x 1071 cm? activated tertiary H-atom of the CH(OH)— group.

molecule’! s71).14 By analogy with the OH radical reactiofs?>
the presence of the carbonyl group is expected to deactivate OH + RC(O)CH(OH)R— H,O + RC(O)QOH)R (6)

the C-H bonds attached to the carbon atomo the >C=0 )

group and activate those attached to the carbon @#amthe RC(O)QOH)R+ O, — RC(O)C(O)R+ HO, (5)
>C=0 group. Our measured rate constants for the hydroxy-

carbonyls studied here qualitatively correlate with those for the  Our observedx-dicarbonyl formation yields of 7% 14%
corresponding OH radical reactions (Table 3), consistent with for the formation of 2,3-butanedione from 3-hydroxy-2-butanone
the expectation that both reactions proceed primarily {NO and 84 + 7% for the formation of 3,4-hexanedione from
radical reactiorf? or to a large extent (OH radical reactiéh) 4-hydroxy-3-hexanone can be compared to the values of 87%
by H-atom abstraction from the-cH bonds of the-CH(OH)— and 55%, respectively, calculated by the estimation method.
and—CH,0H groupst*2%-22 For the NQ radical reactions with ~ While the calculated yield from 3-hydroxy-2-butanone agrees
3-hydroxy-2-butanone and 4-hydroxy-3-hexanone, the rate with the experimental data, that from 4-hydroxy-3-hexanone is
constantsk, are close to the overall rate constamits as significantly lower than the measured yield, suggesting a
expected??2 and in Table 3 we cite the rate constants deficiency in the estimation method.

determined for the reaction pathway 4 as being the overall rate  Our measured room temperature rate constants, combined
constants for these two hydroxycarbonyls. For 1-hydroxy-2- with assumed ambient concentrations of OH radicals,s NO
butanone, 1-hydroxy-3-butanone, and 1-hydroxy-2-methyl-3- radicals, and g are used to calculate the tropospheric lifetimes
butanone, the rate constants given in Table 3 are strictly upperof the hydroxycarbonyls studied here with respect to gas-phase
limits (and are cited that way) because the measured disappearreactions with these reactive species. The lifetimes for the three
ances of these hydroxycarbonyls could involve some wall lossesreactions given in Table 4 were calculated using the following
in the presence of pOs. ambient tropospheric concentrations: OH radical, a 24-h average
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concentration of 1.0« 10° molecules cm3;26:27NQs radical, a (5) Atkinson, R.J. Phys. Chem. Ref. Date997, 26, 215.

24-h average concentration of 25108 molecules cm?;?2 and o (G)LNtitkibg'; g"oalgé P. D, Savage, C. M.; Breitenbach, L.Ghem.
Os, a 24-h average concentration 0“71‘?“ molecules orme.22 y(57') garnesl, 1., Becker, K. H.; Ruppert, Chem. Phys. Let1993 203
The calculated lifetimes in Table 4 indicate that gas-phase 5gs5

reaction with the OH radical will dominate over reactions with (8) Orlando, J. J.; Tyndall, G. S.; Bilde, M.; Ferronato, C.; Wallington,
the NG; radical and Q. In addition, photolysis and/or wet and ~ T. J.; Vereecken, L.; Peeters,I.Phys. Chem. A998 102 8116.

dry deposition may be significant tropospheric loss processes__ (9) Aschmann, S. M.; Arey, J.; Atkinson, Renviron. Sci. Technol
for these hydroxycarbonyls, and in particular wet and dry 2000 in press.

- . 10) Niki, H.; Maker, P. D.; Savage, C. M.; Hurley, M. D. Phys.
deposition of 3-hydroxy-3-methyl-2-butanone could be impor- chgm)lgsz 91, 2174. ’ g Y

tant given its long lifetime due to reaction with OH and NO (11) Dagaut, P.; Liu, R.; Wallington, T. J.; Kurylo, M. J. Phys. Chem
radicals and @ (Table 4). Orlando et dF have investigated 195(53239361833 3. 3: Tyndall, G. . Fracheboud, J.-M. ESamiE
i rlando, J. J.; lyndall, G. S5.; Frachebouad, J.-M.; ES Ire.

e o vt o s o 5545 161

. NN ! (13) Aschmann, S. M.; Atkinson, Rat. J. Chem. Kinet1998§ 30, 533.
quantum yield for photolysis is significantly less than ukity (14) Chew, A. A.; Atkinson, R.; Aschmann, S. M. Chem. Soc.,
and results in a calculated tropospheric lifetime=df5 days!? Faraday Trans 1998 94, 1083.
Assuming that the photolysis data for hydroxyacetérae (15) Atkinson, R.; Carter, W. P. L.; Winer, A. M,; Pitts, J. N., Jr Air

representative of those for the hydroxyketones studied here, gasPollut. Control Assoc1981, 31, 1090.

. . . - : (16) Atkinson, R.; Plum, C. N.; Carter, W. P. L.; Winer, A. M.; Pitts,
phase reaction with the OH radical will then be the dominant ; ™y j phys’ Chem1984 88, 1210.

tropospheric chemical loss process. (17) Atkinson, R.; Aschmann, S. M.; Pitts, J. N., Jr.Phys. Chem
1988 92, 3454.
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