7032 J. Phys. Chem. R004,108,7032-7037

Rate Constants for the Gas-Phase Reactions of OH Radicals with a Series of
Hydroxyaldehydes at 296+ 2 K
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Using a relative rate method with in situ generation of the hydroxyaldehydes, rate constants for the reactions
of the OH radical with 2-hydroxybutanal [GBH,CH(OH)CHOQ], 3-hydroxybutanal [C}CH(OH)CH,CHO],
2-hydroxypropanal [CECH(OH)CHO], 2-hydroxy-2-methylpropanal [(GHC(OH)CHOQO], and 3-hydroxy-
propanal [HOCHCH,CHO] have been measured at atmospheric pressure and=2B&. The hydroxy-
aldehydes were generated in situ from the OH radical-initiated reactions of precursor compounds (1,2- and
1,3-butanediol, 2-methyl-2,4-pentanediol, 2-methyl-3-buten-2-ol c&8-hexen-1-ol) and the rate constants

for the reaction of OH radicals with the hydroxyaldehydes were determined relative to those for reaction of
OH radicals with the precursor compound. The rate constants obtained (in unitstbéd® molecule s™)

were CHCH,CH(OH)CHO, 2.37+ 0.23; CHCH(OH)CH,CHO, 2.95+ 0.24; CHCH(OH)CHO, 1.70+

0.20; (CH),C(OH)CHO, 1.40+ 0.25; and HOCHKCH,CHO, 1.99+ 0.29.

Introduction (~101%) fromcis-3-hexen-1-of314where the reported yields
. o . . are in parentheses. In this work, we have used Solid-Phase Micro

The atmospheric photooxidations of volatile organic com- gyraction (SPME) with on-fiber derivatization of carbonyl-
pounds (VOCs) lead to the formation of organic nitrates and containing compoun@4318to monitor the concentrations of the
oxygenated products.Among these oxygenated products, apove carbonyl compounds during the OH radical-initiated
hydroxycarbonyls are formed from the OH radical-initiated rgactions of 1,2- and 1,3-butanediol, 2-methyl-2,4-pentanediol,
reactions of alkanes,* diols? and certain oxygenated VOCs, 2-methyl-3-buten-2-ol, andis-3-hexene-1-ol. This has allowed
including some unsaturated aldehydes (for example, acfdlein 5 to determine rate constants for the reactions of OH radicals
and methacroleft¥) and biogenically emitted oxygenates (for \ith the hydroxyaldehdyes GEH,CH(OH)CHO, HOCH-

example, 2-methyl-3-buten-216T13 andcis—3-hexen-1-d|3’1‘). CHO, CH,CH(OH)CHCHO, CH,CH(OH)CHO, (CH),C(OH)-
Glycolaldehyde [HOCHCHO] appears to be the only com-  cHo and HOCHCH,CHO.

mercially available hydroxyaldehyde, and hydroxyaldehydes do
not appear to elute from gas chromatographic columns without Experimental Section
prior derivatizatior®*>114 1t is, hence, not surprising that the
only hydroxyaldehyde which has been the subject of kinetic
and product studies is glycolaldehytfel”

In this work, we have generated a series of hydroxyaldehydes
in situ from the OH radical-initiated reactions of their parent OH + hydroxycarbonyt— products 2
diols or unsaturated alcohols (referred to hereafter as alcohols) . . .
and determined their OH radical reaction rate constants by wherea. is the hydroxycarbonyl y'eld. from reaction 1 akﬁ.
monitoring the hydroxyaldehyde concentrations during these andk; are th? rate constants for reactions 1 and 2, respectw_ely,
experiments. Previous studies have shown that the OH radical-t_hen _the_varlatlognzoof the hydroxycarbonyl concentration with
initiated reactions of 1,2-butanediol, 1,3-butanediol, 2-methyl- time is given by®

For the reactions,

OH + alcohol— a hydroxycarbonyl (2)

2,4-pentanediol, 2-methyl-3-buten-2-ol, aod-3-hexen-1-ol afalcoholl, k

lead to the formation of the following carbonyl-containing [hydroxycarbonyuz—“(e‘kﬂo'ﬂt — e—kz[OH]t)
products: CHCH,C(O)CHOH (66%), CHCH,CH(OH)CHO (k; = ky)

(~27%), and HOCHCHO (10%) from 1,2-butanedidli® (0

CHyC(O)CHCH,0OH (50%), CHCH(OH)CHCHO (~15%),  where [hydroxycarbony]s the hydroxycarbonyl concentration
CH3CH(OH)CHO ¢-0.7%), and HOCKCHO (10%) from 1,3- 4t timet, [alcohol}, is the initial alcohol concentratiof and
butanediof;'® (CHz),C(OH)CH,C(O)CH; (47%) and CHCH- k; are the rate constants for reactions 1 and 2, respectively, and
(OH)CHO (~24%) from 2-methyl-2,4-pentanediot? (CH).C- [OH] is the OH radical concentration. Computer calculations
(OH)CHO (~31%), HCHO (29-35%), HOCHCHO (50~ carried out previousl§? as well as in this study, show that eq
619), and CHC(O)CHs (52-58%) from 2-methyl-3-buten-2- | hg|ds even if the OH radical concentration is not constant (in
ol;!%+13 and CHCH,CHO (75%) and HOCKLCH,CHO which case [OH]is replaced by [OH]dt). The sole assumption
for formulating eq | is that reactions 1 and 2 are the only loss
* Author to whom correspondence should be addressed. Tel: (951) 827- processes for the alcohol and the hydroxycarbonyl, respectively.

4191. Fax: (951) 827-5004. E-mail: ratkins@mail.ucr.edu. In a rearranged form, equations derived from eq | and appropri-
Also Environmental Sciences Graduate Program. . .
* Also Department of Environmental Sciences. ate for the reactions occurring and the reactant and product
8 Also Department of Chemistry. involved have been used for many years to correct measured
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Figure 1. Top: calculated plots of eq Il for values kf'lk; = 0.5, 1.0,
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[hydroxycarbonyl]is a maximum against the rate constant régtit.
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introduction into the chamber. OH radicals were generated by
the photolysis of methyl nitrite (C¥DNO) in air at wavelengths
>300 nm>13 and NO was added to the reactant mixtures to
suppress the formation ofs@nd, hence, of N@radicals. The
initial reactant concentrations (molecule tiwere: CHONO,
~4.8 x 1013, NO, ~4.8 x 103 and alcohol,~1.1 x 103,
3-Pentanone~4.6 x 102 molecule cm®) was also included

in the reactant mixtures to check the reproducibility of the
analyses of the SPME fibers during the experiments (3-
pentanone is a factor of 50 less reactive than the diols and
unsaturated alcohol®2and hence, its concentration which was
measured (see below) decreased only slightly during the
reactions). Irradiations were carried out at 20% of the maximum
light intensity for 16-40 min (1,2-butanediol),-340 min (1,3-
butanediol), 5-40 min (2-methyl-2,4-pentanediol);3l0 min
(2-methyl-3-buten-2-ol), and -315 min (is-3-hexen-1-ol),
resulting in up to 84-89% consumption of the initially present
diols and up to 97.598.5% consumption of the initially present
unsaturated alcohols.

The concentrations of the alcohols and 3-pentanone were
measured during the experiments by gas chromatography with
flame ionization detection (GC-FID)!113.14.18Gas samples of
100 cn® volume were collected from the chamber onto Tenax-
TA solid adsorbent, with subsequent thermal desorptior225
°C onto a 30 m DB-1701 megabore column held &0and
then temperature programmed to Z@at 8°C min~. Based
on replicate analyses in the dark, the GC-FID measurement
uncertainties were3% (and typically<2%) for 3-pentanone,
1—-49% for 1,2-butanediol, 5% for 1,3-butanediols 3% (and
typically <2%) for 2-methyl-2,3-pentanediol, and-2% for
2-methyl-3-buten-2-ol andis-3-hexen-1-ol. The hydroxyalde-
hyde and hydroxyketone products (and 3-pentanone) were
sampled using a 66m poly(dimethylsiloxane)/divinylbenzene
(PDMS/DVB) “StableFlex” SPME fiber. The fiber was coated

product concentrations for secondary reactions (see, for exampleprior to use withO-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine

refs 4, 20, and 21). Because In([alcokgf@lcohol}) =
kif[OH]t (or ki[OH]t if the OH radical concentration is
constant), eq | then becomes
[hydroxycarbonyl]= A(e ™ — & ™) (1
where A = afalcoholloki/(k, — ki), B = ky/ks, and x
In([alcohol}c/[alcohol}). For a given experiment, or a series of
experiments with the same initial concentration of the same
alcohol, A is therefore constant, and the hydroxycarbonyl
concentration at timé depends on the values rfandB.

The variation of the hydroxycarbonyl concentration with
extent of reaction, defined as In([alcohg[rlcohol}), as a
function of the rate constant ratig’k; is shown by the calculated
plots of eq Il in Figure 1 (top) for three different valueslof
ki. The value of In([alcohof}/[alcohol}) at which the hydroxy-
carbonyl concentration is a maximum, [hydroxycarbogl]
depends only on the rate constant rdditx;, as shown in Figure
1 (bottom), being given by Ikg/k;)/[(ko/ki)) — 1] = InB/(B —

(PFBHA) for on-fiber derivatization of carbonyl compourfds.

The derivatization reagent was loaded onto the SPME fiber for
30 min using headspace extraction from a 17 mgiRIFBHA
hydrochloride solution immediately before sampling in the
chamber. The coated fiber was inserted into the chamber and
exposed to the chamber contents for 5 min with the chamber
mixing fan on. The fiber was then removed and introduced into
the inlet port of the GC-FID with subsequent thermal desorption
at 250°C onto a 30 m DB-1701 megabore column held at 40
°C and then temperature programmed to 26&t 8°C min™1.
Previous work has shown that these SPME/GC-FID analyses
of the oximes are linear with hydroxycarbonyl concentration
under the conditions used héfe?® The products of these
reactions have previously been identified by gas chromatogra-
phy—mass spectrometry (GC-MS), using a Varian 2000 MS/
MS with isobutane chemical ionization and equipped with a
DB-1701 columr?*3 NO concentrations and the initial NO
concentration were measured during the experiments by a
Thermo Environmental Instruments, Inc. Model 42 chemilu-

1). Measurement of the hydroxycarbonyl concentration as a Minescence NONO,—NOy analyzer (CHONO is measured

function of the extent of reaction during OH radical-initiated

as “NO,” by commercial NG-NO,—NOy analyzers).

reactions of the precursor alcohols therefore allows the rate The chemicals used and their stated purities were 1,2-

constant ratioky/k; and, hence, the rate constakt to be
determined.

All experiments were carried out in a 7500 L Teflon chamber,
equipped with two parallel banks of blacklamps for irradiation,
at 296+ 2 K and 740 Torr total pressure of purified air-a5%
relative humidity. This chamber is fitted with a Teflon-coated
fan to ensure the rapid mixing of reactants during their

butanediol (99%), 1,3-butanediol (996), cis-3-hexen-1-ol
(95%), 2-methyl-3-buten-2-ol (98%), 2-methyl-2,4-pentanediol
(99%), 3-pentanone (99%0), andO-(2,3,4,5,6-pentafluoroben-
zyl)hydroxylamine hydrochloride (98%), Aldrich Chemical
Co. and NO & 99.0%), Matheson Gas Products. Methyl nitrite
was prepared as described by Taylor e¥*alnd stored at 77 K
under vacuum.
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Figure 2. Plots of eq Il for the formation of C#CH,C(O)CHOH,
CH;CH,CH(OH)CHO, and HOCKCHO from the OH radical-initiated
reaction of 1,2-butanediol, together with the nonlinear least-squares
fits of the data to eq Il. The different symbols denote different
experiments, and the hydroxycarbonyl concentrations are in arbitrary
units based on the GC peak areas. The data foyGERHC(O)CHOH

have been offset vertically by 2.0 units for clarity.
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Results

GC-FID analyses of the coated SPME fibers after irradiations
of CH;ONO—NO—diol (or unsaturated alcohefB-pentanone

air mixtures showed the presence of GC peaks at the same

retention times and with the same intensity profiles as those
observed in our previous studies of the OH radical-initiated
reactions of 1,2- and 1,3-butanediol and 2-methyl-2,4-pen-
tanonedidl and of 2-methyl-3-buten-2-ol ancis-3-hexen-1-
ol.13 The hydroxycarbonyl products were, hence, assigned on
the basis of our recent identifications (note that to minimize
secondary reactions of the products, these previous stdéies
to determine the product identifications and yields utilized
significantly lower extents of reaction, with a maximum
consumption of the diols of 61% and of the unsaturated alcohols
of 41%). The hydroxycarbonyls and carbonyl products which
were formed in sufficiently high yield that the GC-FID peak
areas of their oximes were high enough to allow accurate peak
area integration free from other interfering peaks were;-CH
CH,C(O)CH,OH, CH;CH,CH(OH)CHO, and HOCHKCHO
from 1,2-butanediol; CEC(O)CH,CH,OH and CHCH(OH)-
CH,CHO from 1,3-butanediol; (Cg.C(OH)CH,C(O)CH; and
CH3;CH(OH)CHO from 2-methyl-2,4-pentanediol; (gkC(OH)-
CHO and HOCHCHO from 2-methyl-3-buten-2-ol; and GH
CH,CHO and HOCHCH,CHO from cis-3-hexen-1-ol. While
HOCH,CHO and CHCH(OH)CHO were formed from the 1,3-
butanediol reaction (the latter in low yié€)d these hydroxy-
aldehydes can also be formed as second-generation product
from the OH radical-initiated reactions of the first-generation
products CHC(O)CHCH,0OH and CHCH(OH)CH,CHO, re-

Baker et al.
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Figure 3. Plots of eq Il for the formation of CC(O)CHCH,OH

and CHCH(OH)CH,CHO from the OH radical-initiated reaction of
1,3-butanediol, together with the nonlinear least-squares fits of the data
to eq Il. The different symbols denote different experiments, and the
hydroxycarbonyl concentrations are in arbitrary units based on the GC
peak areas.
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Figure 4. Plots of eq Il for the formation of (Cgl,C(OH)CH.C(O)-

CH; and CHCH(OH)CHO from the OH radical-initiated reaction of
2-methyl-2,4-pentanediol, together with the nonlinear least-squares fit
of the data for CRCH(OH)CHO to eq Il and two calculated profiles
for (CH3),C(OH)CHC(O)CH; for differing values okz/k;. The different
symbols denote different experiments, and the hydroxycarbonyl
concentrations are in arbitrary units based on the GC peak areas.

pentanediol, 2-methyl-3-buten-2-ol, awt-3-hexen-1-ol, re-

spectively. In all cases, the GC-FID peak areas of the oximes
have been scaled to a constant initial concentration of the alcohol
being studied (the measured initial concentrations of the alcohols

spectively, and our data suggested that this was the case becausearied by 6-17%, depending on the alcohol). While, for each

the concentrations of HOGKBHO and CHCH(OH)CHO
increased monotonically with increasing extent of reaction.
Secondary formation of the other hydroxycarbonyls (and
propanal), for which data are reported here, is not expected.
Figures 2-6 show plots of the GC-FID peak areas (in
arbitrary units) of the hydroxycarbonyls against the extent of
reaction, In([alcoholj/[alcohol}), for the reactions of OH
radicals with 1,2-butanediol, 1,3-butanediol, 2-methyl-2,4-

alcohol, there is some run-to-run variability, this being more
so for the 1,3-butanediol reactions for which the GC-FID
analyses of 1,3-butanediol had the worst reproducibility (see
Experimental Section above), the shape of the plots for the
individual runs for a given alcohol are similar with similar values
of In([alcohol}/[alcohol}) at which [hydroxycarbonyl]is a
maximum. The rate constant ratids/k;, were derived from
nonlinear least-squares fits of the experimental data to eq Il
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TABLE 1: Rate Constant Ratios ko/k; and Rate Constantsk, at 296 + 2 K, Together with Literature Data

102 x ko (cm® molecule* s72)

alcohol product kofks? this work® literature
1,2-butanediol ChCH,C(O)CH.OH 0.337+ 0.069 8.5+1.8 7.2+ 0.7[29]
CH;CH,CH(OH)CHO 0.944+ 0.074 23.+ 23
HOCH,CHO 0.485+ 0.073 12.2£ 2.0 9.4+ 0.9715]
15.54 2.0716]
12.94+ 0.8716]
1,3-butanediol ChkC(O)CH,CH,OH 0.450+ 0.087 13.9+ 2.8 7.6+ 0.729]
CH;CH(OH)CHCHO 0.956+ 0.068 29.5L2.4
2-methyl-2,4-pentanediol (GHC(OH)CH.C(O)CH;s <0.15 <4.2 3.7+ 0.8[30]
3.6+ 0.6 [21]
CH;CH(OH)CHO 0.657+ 0.050 17.0+ 2.0
2-methyl-3-buten-2-ol (CH.C(OH)CHO 0.234+ 0.033 14.0£ 25
HOCH,CHO 0.124+ 0.025 7.4+£17 9.4+ 0.9715]
15.5+ 2.09[16]
12.9+ 0.8716]
cis—3-hexen-1-ol HOCHKCH,CHO 0.184+ 0.025 19.9+2.9
CH;CH,CHO 0.157+ 0.033 17.0£ 3.7 17.14+ 2.4 [31]

20+ 3[32]

22.2+ 0.9[33]
19.4+ 1.5[34]
20.2+ 1.4735]
18.9+ 1.6736]

aFrom nonlinear least-squares fits of the data to eq Il, as shown in Figui@sadart from the formation of (CHC(OH)CH.C(O)CH; from
2-methyl-2,4-pentanediol, where the upper limit was estimated by inspection (see Figure 4). The cited error limits are the approximate 95% confiden
limits obtained from the nonlinear least squares analysEke rate constant ratios have been placed on an absolute basis by use of rate constants
(in units of 102 cm?® molecule® s™1) at 296 K of 1,2-butanediol, 254 1.3 1,3-butanediol, 30.% 1.0} and 2-methyl-2,4-pentanediol, 25.8
+ 2.28 (all three being re-evaluated wi{OH + n-octane)= 8.07 x 1072 cm?® molecule® s at 296 K%); 2-methyl-3-buten-2-ol, 6@ 6;26:2
andcis-3-hexen-1-ol, 108t 4.2 The cited uncertainties include the uncertainties in the rate constaritRelative tok(OH + n-octane)= 8.07
x 10712 cm® molecule® st at 296 K25 9 Relative tok(OH + CH;CHO) = 1.5 x 10 cm® molecule’® st at 298 K7 ¢ Relative tok(OH +
propene)= 2.63 x 1071* cm® molecule! s~t at 298 K37 f Relative tok(OH + n-butane)= 2.33 x 10712 cm® molecule’? st at 296 K2> 9 Relative
to k(OH + ethene)= 8.52 x 10-*2cm?® molecule* s™* at 298 K37 " Relative tok(OH + methyl vinyl ketone)= 2.06 x 10-** cm® molecule* st

at 296 K%
6
HOCH,CHO HOCH,CH,CHO N
5 - A A
5 -
2 ®
54- 5
2 o 4
© ©
= =
3 >
8 §°
s g
g2 S 2 CH,CH,CHO
©
£ (CH,),C(OH)CHO £
1 4 .
0 ¢ T T T T 0 QO T T T
0 1 2 3 4 0 1 2 3 4

In([2-Methyl-3-buten-2-ol], /[2-Methyl-3-buten-2-ol],) In([cis-3-Hexen-1-ol], /[cis-3-Hexen-1-ol],)

Figure 5. Plots of eq Il for the formation of (Ck,C(OH)CHO and Figure 6. Plots of eq Il for the formation of CKCH,CHO and HOCH-
HOCH,CHO from the OH radical-initiated reaction of 2-methyl-3-  cH,CHO from the OH radical-initiated reaction ofs-3-hexen-1-ol,
buten-2-ol, together with the nonlinear least-squares fits of the data to together with the nonlinear least-squares fits of the data to eq II. The
eq Il. The different symbols denote different experiments, and the gjfferent symbols denote different experiments, and the hydroxycarbonyl
hydlr(oxycarbonyl concentrations are in arbitrary units based on the GC concentrations are in arbitrary units based on the GC peak areas.
peak areas.

upper limit to the rate constant ratlg/k; was obtained from

using the value of In([alcohalf[alcohol}) at which the hy- visual inspection of calculated profiles, as shown in Figure 4,
droxycarbonyl concentration maximized to provide an initial and this upper limit corresponds to approximately the upper
value for ko/k;. The lines in Figures 26 (except for the four standard deviations of the nonlinear least-squares fit. The
formation of (CH),C(OH)CHC(O)CH; from 2-methyl-2,4- rate constant ratiok,/k;, obtained from the nonlinear least-
pentanediol in Figure 4) are the nonlinear least-squares fits of squares analyses and the upper limit to the rate constant ratio
the experimental data to eq Il for each hydroxycarbonyl (and for (CHs),C(OH)CH,C(O)CH; are given in Table 1.

for propanal fromcis-3-hexen-1-ol). For the formation of As evident from the calculated profiles shown in Figure 1
(CHz3),C(OH)CH,C(O)CH; from 2-methyl-2,4-pentanediol, an  (top and bottom), the profiles are increasingly insensitive to the
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rate constant ratik/k; asko/k; decreases below0.5, with the
maximum sensitivity occurring whetky/k; ~ 1.0. While

Baker et al.

OH radicals’? with Oz and NQ radicals potentially being
formed as the irradiations proceed and NO is converted t9 NO

measurements of the absolute concentrations of the hydroxy-(by reactions of H@and organic peroxy radicals with NO) and

carbonyls would provide additional data concerning the rate
constant ratiokx/k; [see Figure 1 (top)], the uncertainties in

NO; is formed by the photolysis of methyl nitrite. However,
the measured NO concentrations at the end of the experiments

the hydroxyaldehyde concentrations arising from the estimatedwere in the range (0.941.9) x 10" molecule cm? for the

SPME/GC-FID analysis response factos preclude this.

experiments with 2-methyl-3-buten-2-ol and in the range (6.97

Hence, while the nonlinear least-squares fits lead to values of 1.7) x 10" molecule cm? for those withcis-3-hexen-1-ol.

Ain eq I, these are in arbitrary units and give no information
concerning the values a@tki/(ko — k).

The rate constant ratiokp/k;, given in Table 1 are placed
on an absolute basis by use of rate const&ptén units of
10712 cm?® molecule’® s71) for the precursor alcohol at 296 K
of 1,2-butanediol, 25.%# 1.318 1, 3-butanediol, 30.% 1.018
and 2-methyl-2,4-pentanediol, 258 2.2!8 (all three being
reevaluated withk(OH + n-octane= 8.07 x 10712 cm?®
molecule! s~ at 296 K&5); 2-methyl-3-buten-2-ol, 6@- 6;26.27
andcis-3-hexen-1-ol, 108t 428 and the resulting rate constants,
ko, are also given in Table 1.

Discussion

Dark losses of 1,2- and 1,3-butanediol, 2-methyl-2,4-pen-
tanediol, 2-methyl-3-buten-2-ol, ancis-3-hexen-1-ol in the

Teflon chamber have been shown in recent studies conducte

in this laboratory®18-2%to be of no importance, being5% over
periods of 1.5-4.5 h, time periods comparable to those between
the first sample being collected for analysis and the last sampl
collection which averaged 3.9 h and had a range of-3.Q h
(except for one experiment in which this time was 6.5 h).
Aliphatic alcohols do not absorb below200 nm38 and hence,
photolysis by blacklamps a 300 nm was of no importance,
as we have previously verified for 2-methyl-3-buten-2dbr
light intensities and irradiation times comparable to those
employed here.

We have previously observé&dhat the hydroxyketones for
which rate constants were measured in this study [i.e3-CH
CH,C(O)CH,OH, CH;C(O)CH,CH,OH, and (CH).C(OH)-
CH,C(O)CH;] show no losses<2%) over time periods of 5 h,
including 60 min of photolysis at the same light intensity as

that used here. Furthermore, we have observed in recen

studied®8that dark losses of the hydroxyaldehydessCH,-
CH(OH)CHO, HOCHCHO, CHCH(OH)CH,CHO, CHCH-
(OH)CHO, (CH;)>C(OH)CHO, and HOCKCH,CHO (formed
from CH;ONO—NO-—air irradiations of their precursor alcohol
or diol) in our Teflon chambers were5% over time periods

of 1.2-3.2 h (again reasonably comparable to the time periods A
(ag y P P h resulted in higher, but more scattered, rate constants).

between the first irradiation and the last sample collection, whic
averaged 3.4 h and had a range of-143 h (except for one
experiment in which this time was 6.3 h)). Bacher et’dlave
shown that glycolaldehyde absorbs out+®@40 nm with a
guantum vyield for photolysis which may be close to unity and
calculated a tropospheric lifetime of glycolaldehyde due to
photolysis of>2.5 days for summertime mid-latitude condi-
tions16 Using this upper limit to the photolysis rate of

glycolaldehyde as representative of those for the hydroxyalde-

These final NO concentrations were sufficiently large that
formation of @ and, hence, of N© radicals was of no
importance, and hence, losses of 2-methyl-3-buten-2-otand
3-hexen-1-ol due to reactions withs@nd NG radicals could
be neglected.

The rate constant&p, derived in this work for the hydroxy-
aldehydes CkCH,CH(OH)CHO, CHCH(OH)CH,CHO, CH;-
CH(OH)CHO, (CH),C(OH)CHO, and HOCKCH,CHO are the
first reported for these compounds. Our present rate constant,
ko, for the hydroxyketone C¥CH,C(O)CHOH is in good
agreement with our previous, more-direct measurefaithile
our present rate constakg, for the hydroxyketone C¥C(O)CH-
CH,OH is a factor of 1.8 higher than our previous and more-
direct relative rate measureméft,our present data for
CH3C(O)CH,CH,OH are subject to significant scatter (Figure

03). Our present upper limit to the rate constanfor 4-hydroxy-

4-methyl-2-pentanone [(CGHC(OH)CH,C(O)CH;] (Table 1)
is consistent with the two literature valu&s® which are in

egood agreement. Furthermore, our present upper limit of

ko(OH + 4-hydroxy-4-methyl-2-pentanonk){(OH + 2-methyl-
2,4-pentanediolx 0.15 is consistent with the ratio of 0.14
0.04 obtained from our previous measurements of the rate
constants for the reactions of OH radicals with 4-hydroxy-4-
methyl-2-pentanorf@and 2-methyl-2,4-pentaneditiHowever,
the rate constants measured recently by Magneron @tal.
298+ 3 K for 4-hydroxy-4-methyl-2-pentanone and 2-methyl-
2,4-pentanediol, of (3.6 0.6) x 10712 cm® molecule! s1
and (1.54 0.4) x 1071 cm® molecule! s71, respectively, lead
to a rate constant ratio df;(OH + 4-hydroxy-4-methyl-2-
pentanonel;(OH + 2-methyl-2,4-pentanedioty 0.244+ 0.08,
significantly higher than our present upper limit (Table 1). This

tdiscrepancy suggests that the rate constant for 2-methyl-2,4-

pentanediol measured by Magneron etlas too low, possibly
because of wall adsorption/desorption problems in the 140 L
volume Teflon chamber us&dand/or unrecognized analytical
problems (the rate constant reported by Magneron €t\ahs
obtained using in situ Fourier transform infrared absorption
spectroscopy, and GC-FID analyses were statéd have

The two values of the rate constant for the reaction of OH
radicals with glycolaldehyde obtained here are at the lower end
of the three literature valu¥s'’ (Table 1). The rate constant
obtained here for propanal is in good agreement with the
literature dat®-3¥36 (Table 1).

The room-temperature rate constants obtained here for the
hydroxyaldehydes C{CH,CH(OH)CHO, CHCH(OH)CH,-
CHO, CH;CH(OH)CHO, (CH),C(OH)CHO, and HOCHKCH,-

hydes studied here, photolysis of the hydroxyaldehydes at theCHO are consistent with expectations. Thus, the rate constants
light intensities and irradiation times used during the experiments (in units of 10712 cm® molecule’® s1) increase from HOCH

(=40 min at~50% of the 12 h average mid-latitude solar
intensity) is expected to be of no importance2%o loss).

CHO (13} to HOCH.CH,CHO (20) and from CHCH(OH)-
CHO (17) to CHCH,CH(OH)CHO (24) and CHCH(OH)-

Therefore, dark losses and photolysis of the alcohols and theCH,CHO (30), consistent with the presence of the additional

hydroxycarbonyl products during the experiments wek%

CH, group. The rate constants for HOGEHO (1.3 x 10711

and essentially within the analytical measurement uncertainties.cm® molecule? s7%),17 CH;CH(OH)CHO (1.7 x 1071 cm®

However, 2-methyl-3-buten-2-ol amik-3-hexen-1-ol react with
O3 and with NG radicals in addition to their reactions with

molecule! s71), and (CH),C(OH)CHO (1.4 x 107! cm?
molecule’! s71) are similar, suggesting that the majority of the
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reactions with CHCH(OH)CHO and (CH),C(OH)CHO pro-

J. Phys. Chem. A, Vol. 108, No. 34, 2004037

(14) Aschmann, S. M.; Shu, Y.; Arey, J.; Atkinson, Rmos. Eriron.

ceed by H-atom abstraction from the CHO group, as is the case199% 31 3551.

for HOCH,CHO 1517

Finally, the room-temperature rate constants obtained here

for the reactions of OH radicals with GBH,CH(OH)CHO,
CHsCH(OH)CH,CHO, CHCH(OH)CHO, (CH),C(OH)CHO,
and HOCHCH,CHO lead to calculated lifetimes of8.0 h at
an OH radical concentration of 2 10° molecule cm?3, the 12
h daytime annual global tropospheric averéy®.

(15) Niki, H.; Maker, P. D.; Savage, C. M.; Hurley, M. D. Phys.
Chem 1987, 91, 2174.

(16) Bacher, C.; Tyndall, G. S.; Orlando, J.JJ.Atmos. Chen2001,
39, 171.

(17) IUPAC, 2003, http://www.iupac-kinetic.ch.cam.ac.uk/.

(18) Bethel, H. L.; Atkinson, R.; Arey, Jnt. J. Chem. Kinet2001, 33,
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(19) Moore, W. J.Physical Chemistry4" Ed.; Longmans: London,
UK, 1963.
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