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OH-induced oxidation mechanisms of isopropyl, isobutyl, serttbutyl acetates have been investigated at
room temperature (29% 5 K) and atmospheric pressure by photolyzingsONO/acetate/NO mixtures with

FTIR spectrometry as analytical device. All main oxidation products of isopropyl and isobutyl acetates were
detected and their formation yields were determined: from isopropyl acetate, acetic anhydride 0072,
acetone (0.26t 0.03), acetic acid (0.06- 0.03), and peroxyacetyl nitrate; from isobutyl acetate, acetone
(0.78 + 0.12), formic acetic anhydride (0.52 0.06), acetoxyacetaldehyde (0.#8 0.06), acetic acid
(0.08 + 0.02), and peroxyisobutyryl nitrate. Feert-butyl acetate, preliminary results have been obtained
and two oxidation products were detected: acetic anhydride ¢8.09D4) and acetone (0.24 0.04). From

these data, oxidation schemes of these acetates were elucidated. This study shows that the presence of the
ester function promotes the H-atom abstraction on the carbon ia-fhasition of the oxygenated function.
Concerning the reactivity of alkoxy radicals, this study confirmsdbester rearrangement proposed recently

by Tuazon et al.J. Phys. Chem. A1998 102 2316). Moreover, it has been shown that nonlinear alkoxy
radicals formed by the oxidation of acetates predominantly decompose instead of reacting, vaitld O
isomerizing.

1. Introduction the oxidation of isopropyl acetate. Le Calvénas identified
. . . acetic acid, acetic anhydride, and acetone as products but they
Oxygenated volatile organic compounds have been widely \yere not precisely quantified. In both of these last studies the
released into the atmosphere by evaporation during their use iNcarhon balance was not achieved. Tuazon &¢ aarried out
industrial activities for decades. Therefore, they play an increas- i only previous study of the atmospheric oxidatiortest-
ing role on the atmospheric production of ozone and other pty| acetate. Unfortunately, they were not able to detect all
photooxidants. Among these compounds, esters are currentlygyigation products, and 31% of the carbon balance was missing.

used in industry as solvents in paints and adhesives and asconcerning isobutyl acetate, no mechanistic study has been
automobile fuel substitutésThey are also emitted from natural published yet.

sources (vegetation and biomass combus}iand are formed
in the atmosphere as oxidation products of some ethers used ag,
automobile fuel additive%.® In particular, isopropyl andert-
butyl acetates are emitted during the combustion of esterified
rapeseed oil used recently as substitution §iieit-Butyl acetate
is also produced by the atmospheric oxidation of etieyt-
butyl ether (ETBE}). To evaluate the impact of these emissions
environment, a good understanding of the atmospheric oxidationchamber comprising a Pyrex reactor of 977 liters surrounded
of acetates by OH radicals is needed as this process is theiryy two set of 40 fluorescent tubes (Philips TLO5 and TLO3).
main daytime fate. The present study is focused on the oxidationThe emissions of these “black lamps” are respectively centered
mechanisms of three nonlinear acetates: isopropyl, isobutyl, andoy 360 and 420 nm. Moreover, 16 arc lamps provide an
tert-butyl acetates and follows up previous works on kinetics jrradjation with a broad spectral range from 300 to 600 nm.
of the OH-induced oxidation of linear and branched acetates The reactor contains a multiple reflection optical system
and on mechanisms of the oxidation of linear acethtes. interfaced to a FTIR spectrometer (BOMEM DA8-ME). Details
Some previous mechanistic studies have already been carrief this environmental chamber have been described previously
out for isopropyl andert-butyl acetate8; ! but they are sparse by Doussin et a}?
and sometimes incomplete. The most complete study, performed Hydroxyl radicals were generated by photolyzing methyl
by Tuazon et al'? led to the detection of acetic anhydride, njtrite. Methyl nitrite was prepared by adding a dilute solution
acetone, acetic acid, and peroxyacetyl nitrate as the maingf H,S0, to a mixture of NaN@ and methano® The initial
oxidation products of isopropyl acetate. Kerr and Stotkeve concentrations of the reactants (acetate, methyl nitrite, and NO)
detected the formation of acetone and peroxyacetyl nitrate duringwere in the ppm range in a synthetic mixture of 80%awd
20% & (NO was added to limit formation of nitrate radicals
* Corresponding author. E-mail: picquet@lisa.univ-paris12.fr and ozone). All experiments were conducted at 29K with
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To complete these previous data and to improve our
nderstanding of the reactivity of acetates, we report here the
results of a mechanistic study of the OH-induced oxidation of
isopropyl, isobutyl, andert-butyl acetates.

2. Experimental Section
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TABLE 1: Integrated Band Intensities of the Main Infrared

Absorption Band of Acetates and Their Oxidation Products Formic acetic anhydride Formic acetic anhydride

cetone

main absorption IBI )
compound band (cn?) (cm/molecule) ref

isopropyl acetate 13661202  (5.014= 0.09)x 107%" this work
isobutyl acetate 13201150 (5.69+ 0.18)x 107" this work
tert-butyl acetate 13051215 (3.8 0.05)x 1077 this work

acetoxyacetone 13331137  (3.30+ 0.11)x 1077 this work
acetone 126601150  (1.02+:0.02) x 107 this work
peroxyacetyl 1330-1255 2.08x 10°Y 29
nitrate
a Calculated using natural logarithm. (b) ..

continuous irradiation during one or 2 h. Compounds were
monitored by acquiring infrared spectra every about 5 min
(corresponding to 100 coadded interferograms) with a resolution
of 0.7 cnt! and a path length between 96 and 186 m.

Infrared spectra of reactants and products were calibrated by
flushing known amounts of the vapor of these compounds
(determined by measuring the pressure into a calibrated 0.55 L
Pyrex bulb) into the chamber. Integrated band intensities of the
main infrared absorption band of acetates and their oxidation
products are presented in Table 1. Concerning acetic acid,| (@
acetoxyacetaldehyde, acetic anhydride, and formic acetic an T " " " ' T

Acetoxyacetaldehyde

N

hydride, these data have already been published by Picquet- 2000 1800 1600 1400 1200 1000 800
Varrault et aPf Wavenumber (cm™)

Chemicals.Methyl nitrate, formic acetic anhydride (GB- Figure 1. (a) Residual infrared spectrum after the photolysis of
(O)OCHO), propionic acetic anhydride (@E{O)OC(O)GHs), CH3;ONO/isobutyl acetate/NO mixture obtained by subtraction of

acetoxyacetaldehyde (GE(O)OCHCHO), and acetoxyacetone remaining reactants and products arising fromgoNC_) photolys_is,
(CHsC(O)OCHC(O)CH), which were supposed to be oxidation compared V\gthdreference speclt(;ahofd(b) formic acetic anhydride, (c)
products of isopropyl, isobutyl, angrt-butyl acetates, were acetone, and (d) acetoxyacetaldenyde.

synthesized.Other organic reagents were obtained from com-
mercial sources: isopropyl and isobutyl acetates were from Fluka 141
(= 99%),tert-butyl acetate was from Aldricte( 99%), acetone
and acetic acid were from Prolaba ©9%). Synthetic air was
generated using £(quality N45,> 99,995%, HO < 5 ppm,
Air Liquide) and N (from liquid nitrogen evaporationz
99,995%, HO < 5 ppm, Linde).

Acetone

Formic acetic anhydride
Acetoxyacetaldehyde
Acetic acid

121 PAN + PiBN

mEqQ 4080

o
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3. Results and Discussion

[Products] (ppm)
=)

Isobutyl Acetate. To investigate the mechanism of the OH-
induced oxidation of isobutyl acetate, two experiments were

performed by photolyzing C#DNO/isobutyl acetate/NO mix-
tures. Concentration ranges were7ZLppm for methyl nitrite, 027
2—3 ppm for isobutyl acetate, 0:2 ppm for NO. Reactants ' .

o
I
s

and products were analyzed by FTIR spectrometry. Figure 1 oo oz os  os o8 1o 12 14 15 18
shows a residual spectrum acquired aft&000 s obtained by -Afisobuty! acetate] (ppm)
subtraction of remaining reactants (isobutyl acetate, NOs-CH

e . Figure 2. Experimental plots of the formation of oxidation products
ONO) and products arising from GBNO photolysis (HNG, VSQ_’ loss of isgbutyl acetafte. P

NO,, CH;ONGO,, CO, HCHO, HCOOH, HONO, C§). These

last compounds were identified and quantified by photolyzing due to near detection limit concentrations and similar absorption
methyl nitrite alone. Remaining products, which are attributed spectra. Hence we were unable to obtain precise kinetic profiles.
to oxidation of isobutyl acetate, are acetone, formic acetic Therefore, it was difficult to determine if these compounds are
anhydride, acetic acid, and acetoxyacetaldehyde. In a lesseprimary and/or secondary products.

extent, some organic nitrates which are peroxyacetyl, peroxy- Acetone, which is the main oxidation product, is formed
isobutyryl (PiBN), and isopropyl nitrates were also detected. conjointly to acetic acid or formic acetic anhydride by the
Formaldehyde, formic acid, and methyl nitrate may also be decomposition of CEC(O)OCH(O)CH(CHs), (Scheme 1A,
oxidation products of isobutyl acetate, but their formation due channel 5) and C§C(O)OCHC(O")(CHjs), radicals (Scheme

to this reaction was not confirmed since these compounds arelB, channel 6). Another possible formation channel of acetone
also largely produced by the photolysis of g3NO. is the a-ester rearrangemeérif-14.150f the CHC(O)OCH(O)-

It can be seen, on the plot of products vs. loss of isobutyl CH(CH;), radical (Scheme 1A, channel 2). This rearrangement
acetate (Figure 2), that all oxygenated oxidation products proceeds by an H-atom transfer through a five-membered ring
(acetone, formic acetic anhydride, acetoxyacetaldehyde, andtransition state as shown in Scheme 2. It leads to the formation
acetic acid) whose plots have initial slope different from zero of acetic acid and CH(C§LC(O)OO, which can react with
are primary products. PAN and PiBN were indistinguishable NO, to form PiBN and/or with NO to form acetone. However,
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SCHEME 1: Oxidation Scheme of Isobutyl Acetate Obtained from the Generally Accepted Process of VOC Oxidation
and from the Formation Yields of the Detected Products (framed)
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I n
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SCHEME 2 As explained above, some oxidation products are subject to
o O ch o4 cHeo o secondary Ios§ processes Fhat are not always well identified.
HyC-C-0-CH-GH ——= HiC-CY /(?“—“8' AR HyG-CH—C® + HyC-C-OH The_refore, their formation yields were not estimated by deter-
CHy o céHH—CHa o, mining the slope of the curves [product] vs:A[acetate]
- * o o ((_:orrec'ged for secondary reactions) but by using numerical
Hac_éﬂs_(,f:,’_oomz no, uac—éus—c":—oo'—”"—— Hac_é-; . co, simulation (FACSIMILE, v 3.0, AEA Technology, UK) of a

simplified chemical system described from the previous mecha-
it is here a minor process since the formation yield of acetone nistic observations:

does not depend on the ratio NO/M@he curve [acetone] vs.

—Alacetate] is a straight line, see Figure 2). Finally, since the isobutyl acetate- OH — acetonet

initial slope of the plot of acetone is greater than the sum of formic acetic anhydridek; (1)

those of its two coproducts, it seems that it has an additional . . .

formation channel. However, this one was not identified. isobutyl acetate- OH — acetonet acetic acidk, (2)
The decrease pf the .slo.pe of formic gcetic anhydride at .the isobutyl acetate- OH — acetone ks (3)

end of the experiment indicates that this compound is subject

to secondary loss processes (see Figure 2). Its reaction with OH isobutyl acetate- OH — acetoxyacetladehyde, (4)

radicals is estimated to be slow {11013 cm?® molecule! st

according to the SAR meth#). On another hand, it is well formic acetic anhydride- acetic acid ks (5)
known that anhydrides react easily with water. Hence, we acetoxyacetaldehyde OH — Products ks (6)
suspect that the main loss process of formic acetic anhydride is

hydrolysis with adsorbed water on the walls of the reactor and acetic acich- OH — Products

to a lesser extent hydrolysis in the gas phase. These reactions 8 x 10 B em® moleculets 418 7)

would lead to the formation of secondary acetic acid and hence

would explain the increase of its slope at the end of the The constantk; to ks were adjusted in order to allow the
experiment (Figure 2). simulated curves to fit the experimental points. The sum of the

Acetoxyacetaldehyde is formed as primary product by an OH + acetate rate constants is fixed to the overall value of

H-atom abstraction from the CHz group of the butyl function 6.6 x 10712cm® molecule® s71. This value was determined in
followed by decomposition of the alkoxy radicals obtained our group from a previous studyOH concentration was
(Scheme 1C, channel 8a). This compound is also subject to aestimated at any time of the experiment using the decrease of
slight loss process which may be the reaction with OH radicals. the acetate. It was first checked that the reaction of acetate
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Figure 3. Simulated plots (full curves) and experimental points for
the OH-induced oxidation of isobutyl acetate.

TABLE 2: Oxidation Products of Isobutyl Acetate and
Their Formation Yields

product formation yields
acetone 0.7& 0.12
formic acetic anhydride 0.52 0.06
acetoxyacetaldehyde 0.180.06
acetic acid 0.08t 0.02
acetaldehyde <0.07
acetoxyacetone <0.02

toward NQ radicals, which can be formed by the reaction of
NO, with ozone, was negligible. Concentrations of N@dicals
during the experiments were estimated by measurin@sN
(N03 + NOZ Aand N205).

Fitted curves are compared to experimental points in Figure
3 and final formation yields of the products are presented in
Table 2. These formation yields are averages of the two
experiments performed on this acetate. Indicated errors of yield

Picquet-Varrault et al.

the fit to each of them. Using this information, it calculates
final uncertainties for a confidence range of 95% (see FAC-
SIMILE v3.0, Technical Reference). Errors due to the quanti-
fication of compounds in infrared spectra have been taken into
account, but they are not significant compared to the previous
ones. From these data, branching ratios of the channels of OH-
induced oxidation of isobutyl acetate were determined (see
Scheme 1).

In the oxidation scheme of isobutyl acetate, we were not able
to quantify the relative importance of the abstraction sites of
OH radicals since some oxidation products can be formed by
several of them. For example, acetone can be formed by a
decomposition and/or a rearrangement ofsCHD)OCH(O)-
CH(CHg), radicals (Scheme 1A, channels 2 and 5) and/or a
decomposition of CEC(O)OCHC(O)(CHs), radicals (Scheme
1B, channel 6). Nevertheless, in order to have an estimation of
their relative importance, some hypothesis can be made using
the literature data: Christensen ettahave shown that 65%
of the CHC(O)OCHOr radicals underga-ester rearrangement
while 35% react with @ Moreover, since acetic acid has a
total formation yield of 0.08t 0.02, the branching ratio of the
channel 6a on Scheme 1B (which is one of its formation
channel) is< 0.08. Using the branching ratio between the
reaction with Q and the rearrangement given by Christensen
et al.}> we can deduce that the channel 6b, which leads to the
formation of formic acetic anhydride by the reaction with O
of CHsC(O)OCHOr radicals, has a branching rati® 0.05.
Compared to the total formation yield of this anhydride, this
channel is of minor importance. Moreover, since acetaldehyde
was not detected in infrared spectra, the channel leading to the
coformation of acetaldehyde and acetic acid or formic acetic
anhydride by an H-abstraction at the primary carbon of the alkyl
function (Scheme 1C, channels 8b and 8c) is also negligible.
Therefore, the major formation process of formic acetic
anhydride is a decomposition of the @E{O)OCH(O)CH-

s(CHs)z radicals via a €C bond scission. Similar observations

take into account the estimated uncertainties on reactant andndicate that acetone is mainly formed by the same channel.

product IR absorption band calibrations and the uncertainties

No previous mechanistic study has been carried out on

on the fitted rate constants. These last uncertainties areisobutyl acetate. Hence, we show here the first results.

determined during the FACSIMILE software fitting procedure.

Isopropyl Acetate. The mechanism of OH-induced oxidation

After having calculated the best value of each constant for the of isopropyl acetate was investigated by photolyzinggGNO/

fit, the solver makes some further iterations by slightly modify-
ing each fitted constant in order to estimate the sensitivity of

isopropyl acetate/NO mixtures. Three experiments were per-
formed and concentration ranges weredgppm for CHHONO,

SCHEME 3: Oxidation Scheme of Isopropy! Acetate Obtained from the Generally Accepted Process of VOC Oxidation
and from the Formation Yields of the Detected Products (framed)
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Acetic anhydride Acetic anhydride is the major product with a formation yield

4 equal to 0.72+ 0.07. It is formed by a decomposition of the
CH3C(O)OC(O)(CHg), radical via a CG-C bond cleavage
(Scheme 3A, channel 3). To a lesser extent, the decomposition
via a C-0 bond cleavage and/or an isomerization of this alkoxy
radical lead to the formation of acetone (Scheme 3A, channels
1 and 2). Since these channels lead to the same product, we
cannot distinguish them.

Moreover, primary formation of acetic acid and PAN was
observed, indicating that theester rearrangement of the g4
(O)OCH(O)CHgz radical, which is formed by the decomposition
} of the CHC(O)OCH(CH;)CH,Or radical, occurs (Scheme 3B,
channel 5). Nevertheless, this process is of minor importance
since the H-abstraction occurs preferentially at the tertiary
carbon instead of at the primary carbon of the alkyl group.

Finally, even if acetaldehyde and glyoxal were not detected
in infrared spectra since they react very rapidly with OH radi-
cals Kacetaldehydeon = 1.6 x 10711 cm?® molecule® s™1 and
Kgiyoxarron = 1.1 x 1071t cm?® molecule’! s71,19), they could
be formed by g3-ester rearrangement of the g&{O)OCH-
(CH3)CH,Or radical (see Scheme 4 and Scheme 3B, channel
6). According to their FTIR detection limits and accounting for
secondary reactions with OH, any formation of acetaldehyde
and glyoxal would have a molar yiel¢ 0.08 and< 0.10,
respectively, which suggests that these processes are minor.

This study can be compared with the previous dheés.
2000 1800 1600 1400 1200 1000 800 Tuazon et al? have detected the same oxidation products with
Wavenumber (cm”) formation yields in good agreement with ours (see Table 3).
Figure 4. (a) Residual infrared spectrum after the photolysis of They also observed the formation of PAN but this one was not
CH;ONO/isopropy! acetate/NO mixture obtained by subtraction of quantified. The mechanistic study carried out by Le CHive

remaining reactants and products arising fromsONO photolysis,  ghowed acetic anhydride, acetone, and acetic acid as oxidation
compared with reference spectra of (b) acetic anhydride and (c) acewneproducts, but their formation yields were not precisely deter-

Acetic anhydride Acetone

!

i {b)

SCHEME 4 mined. Kerr and Stock@robserved the formation of acetone
" and methyl nitrate as oxidation products of isopropyl acetate.
t,,))“\cl“n—”a- 0 0 Methyl nitrate is formed conjointly to acetic anhydride by the
“3°“°3<ap<=“'°"« ——= HC-C-OH + CHy"CH-CH decomposition of the CH(O)OC(O)(CHz), radicals, which
02,N0+~ no, leads to CH radical formation (Scheme 3A, channel 3).
o o o o o However acetic anhydride was not observed since, according
CHy o CH-bH S o dn-Cn B2 pc-E-n + Heo to the authors, it was unlikely to be eluted from the gas-
chromatography columns used. From these observations, the
TABLE 3: Oxidation Products of Isopropyl Acetate and authors estimated the branching ratio of the decompositions via
Their Formation Yields —Comparison with Previous Studies a C-C and a GO cleavages of CkC(O)OC(O)(CHs),
Tuazon Kerr and radicals. They are respectively 0.30 and 0.10. These values are
product thiswork  etal’®  LeCalvé! StockeP much lower than ours as well than those of Tuazon &t @b
acetic anhydride 0.72 0.07 0.76+0.07 observed understand the origin of this disagreement, it would have been
acetone 0.26:0.03 0.24+0.02 observed 0.10 interesting to determine the formation yield of methyl nitrate
acetic acid 0.06: 0.03 0.09+0.03 observed (due to the oxidation of the acetate) in our study and in the one
acetaldehyde  <0.08 <0.01 of Tuazon et at® Unfortunately, it was not possible since the
PAN 0.09+ 0.0 observed observed

source of hydroxyl radicals (methyl nitrite photolysis) produces
o large amounts of methyl nitrate, whereas Kerr and Stocker used
@ Upper limit. HONO as OH source. In this previous study, PAN was also

2—3 ppm for isoproy! acetate, and-3 ppm for NO. From the detected as a secondary oxidation product. According to the
infrared spectra shown in Figure 4, all main oxidation products authors, its formation is due to the OH-induced oxidation of
of isopropyl acetate were identified. They are acetic anhydride acetone and acetic anhydride. However, since these compounds
and acetone and to a lesser extent, acetic acid and peroxyacety®e not very reactive, it seems more probable that PAN is formed
nitrate (PAN). As for isobutyl acetate, formation yields of as a primary product by the-ester rearrangement and that its
products were calculated using numerical simulation (see Table@pparent “secondary” formation is due to the very low concen-
3) and branching ratios of the channels of OH-induced oxidation tration of NG at the beginning of their experiments.

of isopropyl acetate were deduced (see Scheme 3). Since the tert-Butyl Acetate. The mechanism of OH-induced oxidation
formation yield of PAN depends on the ratio NO/@ was of tert-butyl acetate was investigated by photolyzing asCH
estimated by another method described elsewh&w= it can ONOtert-butyl acetate/NO mixture (7:2.5:2 ppm). Figure 5
be seen in Table 3, the sum of the yields, which is near unity shows a residual spectrum obtained by subtraction of remaining
within the experimental uncertainties, reveals that all main reactants and products arising from methyl nitrite photolysis.
oxidation products have been detected. Oxidation products are acetone, acetic anhydride, and acetic

methyl nitrate observed observed
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TABLE 4: Oxidation Products of tert-Butyl Acetate and
Their Formation Yields —Comparison with the Previous

Product ?

(@) ¢ Acetic anhydride Study
/ \‘ product this work Tuazon et &.
acetic anhydride 0.42 0.04 0.49+ 0.05
acetone 0.24- 0.04 0.20+ 0.02
acetic acid <0.02 <0.07

Even if all oxidation products were not identified, we can
observe that the main product is acetic anhydride with a
formation yield of 0.49t 0.04. It is formed by a decomposition
of the CHC(O)OC(CH),CH,O radical followed by a decom-
position of the CHC(O)OC(O)(CHz), radical via a C-C bond
scission (Scheme 5A, channel 2c). Several processes can form
®) acetone, such as decomposition of LLHO)OC(CH),CH,O*
radicals (Scheme 5A, channels 2a and 2b) and/@HC(O)-
OC(CHg)3 radicals (Scheme 5B, channel 5). However, using
the results obtained for isopropyl acetate oxidation, we were
able to distinguish some of them. Hence, as shown in Scheme
5A, an H-atom abstraction from theC(CH;z); group can lead,
after decomposition of the G&(O)OC(CH),CH,O* radical,

)

e to the same alkoxy radical as the one obtained after an H-atom
} , . . ‘ . , abstraction from the tertiary carbon of isopropyl acetatesGH
1300 1200 1100 1000 500 800 (O)OC(O)(CHg)y). Therefore, based on the formation yield of
Wavenumber (em") acetic anhydride and the ratio between the@and the CG-O

Figure 5. (a) Residual infrared spectrum after the photolysis of bond cleavage of the G&(O)OC(O)(CHs), radical obtained

CHSQN_O’te“'bUttV'tacetzte/’\'g ”t“XtU'fe_ obgainedo Exésur?t;a::tiqn of for isopropyl acetate (Scheme 3A), we can deduce that the sum

remaining reactants an roducts arising from otolysis

compareg with reference srp))ectra of (b) acgtlc anﬁydrldegnd (c}; acetoneOf the channels 2a and 2b of the Scheme 5A has a branching

ratio of 0.184 0.05. Acetic acid could be formed conjointly to

acid. In addition, an “unknown product” that absorbs at 1247 acetone by #-ester rearrangement of the gE&{O)OC(CH),-

and 1170 cm! was observed. From the commonly admitted CH,O* radical similar to the one presented in Scheme 4.

process of VOC oxidation, two compounds are suspected: However, acetic acid was detected only as secondary product,

2-acetoxy-2-methylpropionaldehyde (gE{O)OC(CH).CHO) suggesting that this process is negligible. According to the FTIR

and/ortert-butyl glyoxalate (CHOC(O)OC(C#)s). However, detection limit, any primary formation of acetic acid would have

these two compounds are not commercially available and theira molar yield <0.02.

syntheses were not successful. Therefore, these hypotheses All these results and observations are in good agreement with

remain unverified. those obtained by Tuazon et8lwho carried out the only
Final formation yields of the products are compared to those previous study published. Moreover, these authors have not

of the literature in Table 4, and branching ratios of the channels detected acetic acid, which agrees with our results.

of OH-induced oxidation ofert-butyl acetate were deduced (see Reactivity of OH with Alkyl Acetates. From the oxidation

Scheme 5). schemes elucidated within this work for isopropyl, isobutyl, and

SCHEME 5: Oxidation Scheme oftert-Butyl Acetate Obtained from the Generally Accepted Process of VOC Oxidation
and from the Formation Yields of the Detected Products (framed)

7™ OH
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. 4 5, lecomp.
O, No—j’ NO; o 00 ?Ha (4) (5) O CH3
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tert-butyl acetates, some information concerning the first step since it is closer to the experimental results (39% for the tertiary
of the oxidation process, i.e., H-abstraction by OH radicals can carbon and 51% for the secondary one in the case of isobutyl
be given. For isopropyl acetate, as shown in Scheme 3, OH acetate).

radicals react preferentially on theCH< function (~98 + Concerning the reactivity of alkoxy radicals, this study
10%) and to a lesser extend on th€CHz one (7 + 3%). confirms that radicals of the type GB(O)OCH(O)R undergo
However, concerning isobutyl acetate, even if branching ratios an o-ester rearrangement leading to acetic acid and PANs as
of the different attacks of OH could not precisely be quantified, Primary products (see oxidation schemes of isopropyl and
we observe that H-abstraction occurs predominantly on the iSObutyl acetates). On the other hand, we observe/tfestter
—CH,— function (Scheme 1A) instead of on theCH< one rearranger_nent is a negligible process compfared tc_) the classical
(Scheme 1B). This last observation is unexpected since it is ©1€S: unimolecular decomposition, reaction with @nd
common to consider that H-abstraction occurs preferentially on |somer|zat£rl1‘.l ;l;hese obs_ervatlons conflrm the previous studies
tertiary carbons-{CH<), then on secondary carbons@H,—), on egter§: 1415Concerning the branchmg ratio of the thrge
and finally on primary carbon<CHs) due to the stabilizing classma_l channels, we obse_rve that nonhnear alkc_)xy radicals
effect of the substituted alkyl groups on the radicats Fhe iF)srgrizr;ri]zlir]néignt::)/ordgfgrwggsg-;rézttiigp?;pir(()aggltéjr:a%yv(\j/gbaﬁc;cetic
ester function seems to play a significant role in this behavior. . !

> . isobutyric anhydride were not formed by the oxidation of
Hence, several authéfs?? have studied the temperature isopropyl and isobutyl acetates (see Scheme 3B and 1A),

dependence of the rate constants for the OH reactions Withsuggesting that reactions of GE(O)OC(CH)CH,O* and
acetates. They have observed different temperature dependencieg|_|3C(O)OC|_|(O)C|_|((_~,|_,3)2 radicals with oxygen are negli-

at high and low temperatures. This suggests that the dominantgiple. Concerning isomerization, even if this process occurs (for
overall abstraction mechanism is changing over this temperaturegxample, in Scheme 3A), it is of minor importance compared
range (246-370 K): a direct H-abstraction predominant atlow to decomposition. As it was already discussed in a previous
temperatures and an H-abstraction via the formation of an adductstudy on linear acetatéshe predominance of decomposition
between OH and acetates. This intermediate can either decomis quite surprising and may be explained by the presence of the
pose back to reactants or eliminateCHpredominant at high  oxygenated function. However to understand this phenomenon,
temperatures. In this case, this adduct would promote hydrogenfurther experiments or theoretical calculations on oxygenated
abstraction from the carbon in the-position to the acetate  alkoxy radicals are necessary.

function. The formation of such adducts is also strongly

suspected for other oxygenated compounds: alcohols, ethers4. Atmospheric Implications

carbonyl compound®:~2® For ketones in particular, Wallington The main products of the OH-initiated oxidation of three
gnd Kurylg® and Franck et & suggest _that a S|x-membered_ nonlinear acetates were identified as acetic anhydride, acetone,
ring adduct promotes the H-abstraction on the carbon in zcetic acid, and PAN from isopropyl acetate; acetone, formic
f-position to the carbonyl group. For esters, this hypothesis acetic anhydride, acetoxyacetaldehyde, acetic acid, and PiBN
would be equivalent to the promotion of the H-abstraction on from isobutyl acetate; and acetic anhydride and acetone from
the carbon in thex-position to the acid group, confirming our  tert-butyl acetate. Acids and anhydrides are not very reactive

observations. toward OH and other atmospheric oxidants but are highly
It is interesting to notice that for all other acetates for which soluble. Hence, they may be incorporated in rain droplets before
mechanistic studies have been carried out (méfhgthyl 810 reacting in the gas-phase and so may have a significant impact

isopropyl®—11 n-propyl 8 andtert-butyl'® acetates), this unex- in the aqueous phase, in particular on the acidity of rains. On
pected result could not have been recognized. Indeed, for ethylthe contrary, aldehydes have short lifetimes in the gas-phase
and isopropyl acetates, carbons in éhposition were the most ~ Since they are quickly photolyzed and are very reactive toward
branched carbon of the molecule: fopropyl acetate, attacks OH radicals. They contribute to the formation of photooxidants
of OH radicals on carbons located énand 8 could not be Sllijhh ‘ZS PA'ESPK]N the a}[tmpspherlc ga:js phase. Moreover,
differentiated; and for methyl andert-butyl acetates, H- aldenhydes an S are toxic compounds.

abstraction can occur only on one carbon of the alkyl function.
So these results on isobutyl acetate are the first experimental

confirmation, by a mechanistic study, of the promotion of the program. We also gratefully thank Prof. Frafse Heymans

H-abstraction on the carbon in tleeposition. and her collaborators for their help in the syntheses of
For isopropyl and isobutyl acetates, these experimental resultsacetoxyacetaldehyde and acetoxyacetone.
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