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NO; oxidation of methyl, ethyl, propyl, and butyl vinyl ethers has been studied under tropospheric conditions
(atmospheric pressure afd= 293 + 3 K) in the LISA indoor simulation chamber. NQvas produced
inside the reactor by thermal decomposition ofON previously added to the aivVOC mixture, and
concentrations were monitored using FTIR spectrometry. All the kinetic experiments were carried out by
relative rate technique using isoprene as reference compound, leading to the rate chnstdiit@ + 1.5)

x 10718 ky = (13.14 2.7) x 10 %3 kg = (13.34 3.0) x 10 %3 andk, = (17.0+ 3.7) x 1013 cm?® molecule?

s *for methyl, ethyl, propyl, and butyl vinyl ethers, respectively. Main oxidation products have been identified
like being formaldehyde and respectively methyl, ethyl, propyl, and butyl formates. Production yields of
oxidation products were close to 50%. Oxygenated nitrates and peroxynitrates were also detected.

1. Introduction range 299-427 K. Moreover, Klotz et a.have studied the
Oxygenated volatile organic compounds are widely emitted mechanisms of OH, £and NQ oxidation of methyl vinyl ether.

into the troposphere by evaporation during their use in manu- 11iS st paper is the only mechanistic study onzhi@iuced
facturing as solvents in paints, pharmaceutical process synthesisoXidation of vinyl ethers. Concerning the kinetic of NO
adhesived. When released into the troposphere, they can oxidation, three papers were reported in the literature. One is
undergo either photolysis or photochemical oxidation by OH an estimation of the rate constant of methyl vinyl ether with
radicals and ozone during daytime and by nitrate radicals\NO NOs, from a structure activity relationship (SAR) by Grosjean
and ozone during nighttime. While OH radicals are produced et all! which led tok = 4.68 x 1023 cm® mol~1 s™1 at 298 K.
by photochemical processes, Bl@adicals are formed by  This value remains to be experimentally confirmed. An other
reaction of NQ with ozone. Since the N¢photolysis is fastg is a rate constant measurement of ethyl vinyl ether withs NO
< 5s), it can only accumulate during the nighttfine by Pfrang et af. using relative rate method with GEFID
These chemical processes may lead to the formation of analysis, at room temperature and atmospheric pressure, leading
environmeqtally qnd health damag_ing compounds such asiy i = (1.7 + 1.3) x 10-2cm® molecule’® s1. According to
photoghem|cal OX|dant§ which are |nvolvgd In Smog evgnts. the authors, a great uncertainty features this result, due to
Reactions of VOCs with the nitrate radical produce nitro- difficulty to control a wall-loss on the used PTFE bag. Recently

substituted compoundswhose most of them are likely to be 12
toxic3~> Furthermore, some solvents have direct damaging Zhou et. ak“have measu red rate.constants of ethyl, propyl, and
butyl vinyl ethers, using relative rate method with FTIR

health effects (carcinogenic, mutagenic effects). i )
To reduce these damaging effects of solvents, new friendly spectroscopy device. Each rate constant was measured using

solvents including vinyl ethers are used to replace traditional two different reference compounds. Obtained averaged values
ones. Hence, as vinyl ethers emission may go increasingly, it Were (1.40+ 0.35) x 107*2, (1.85+ 0.53) x 107*4 and (2.10
appears particularly necessary to precisely evaluate their® 0.54)x 10-*2cm® molecule® s~ for ethyl, propyl, and butyl
environmental impact. Thus, a good knowledge of their vinyl ethers, respectively.

atmospheric lifetime and degradation products is needed. To Hence it appears that N@xidation rate constants of methyl,

date, few kinetic and mechanistic studies on the simplest andeth | bropvl. and butvl vinvl ethers have to be measured again
lightest vinyl ethers have been published. Hence, reactions of. Yl Propyl, yviny 9

methyl, ethyl,n-propyl, andn-butyl vinyl ethers with OH and in order to confirm or precise previous measurements. Moreover,
NOs radicals and with ozone have previously been reported in NOs 0xidation products need to be more largely investigated,
the literaturé12 Thiault et al®” have studied OH and as only those of methyl vinyl ether have been previously studied.
oxidation kinetics of methyl, ethyh-propyl, andn-butyl vinyl Study a complete series of vinyl ether is particularly interesting
ethers, and have reported both rate constants and activatiorin order to investigate the reactivity change with the alkyl chain
energies in the temperature range 2302 K and at 298 K. length.

Perry et all® have measured the OH oxidation rate constant of

. So both complete kinetics and mechanisms of the reactions
methyl vinylether at room temperature and over the temperature

of an homologous series of vinyl ethers (i.e., methyl, ethyl,

* Corresponding author. Telephone:33 1 45 17 15 88. Fax:+33 1 n-propyl, andn-butyl vinyl ethers) with the nitrate radical were
45 17 15 64. E-mail: Scarfogliero@lisa.univ-paris12.fr. investigated, and the obtained results are presented below.
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2. Experimental Section
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TABLE 1: Integrated Broadband Intensities (IBI) of the
Main Infrared Bands for the Different Studied Compounds

The Simulation Chamber. Experiments were carried out in
an environmental chamber, previously presented in detail by

Doussin et al'? and only a brief description is given here. The
chamber is a large Pyrex reactor (6 m length, 0.45 m diameter,
and 977 L volume) which is coupled to a Fourier transform
infrared (FTIR) spectrometric device. The reactor contains a
multireflection White cell which allows one to work with a long
pathlength (i.e., 156 m for these experiments). This cell is
coupled to a FTIR spectrometer BOMEM DA-8. Spectra were
obtained by coadding 70 scans recorded at a resolution of 0.5
cmt and with Hamming apodization. The scanning mirror
speed allows one to record spectra every 200 s. The simulation
chamber is also equipped with an UYVisible spectrometer
(path length 72 m) but this device was not used for these
experiments.

Experimental Procedure. All experiments were conducted
in the dark at 293+ 3 K and at atmospheric pressure, in
synthetic air (80% B 20% Q). The acquired IR spectra allowed
one to monitor concentrations of reactants and products inside
the chamber through the time. After the studied VOC was
introduced inside the chamber, it was checked that no significant
wall-loss was observed on the time scale of an experimens. NO
oxidation experiments were performed by injectingdlin the
gaseous mixture containing the studied organic compounds (i.e.
N2Os + vinyl ether+ isoprene for kinetic studies, anc:®s +
vinyl ether for mechanistic studies). Then, as soon #3sWas
injected, reaction products were detected. As studied reaction
were very fast, different methods were used to minimize the
concentration of nitrate radicals and to slow the oxidation rate
in order to ensure a satisfying monitoring of species concentra-
tions. Namely, some kinetic experiments were carried out by
stepwise injections of pDs, while others were carried out by
slow continuous M flush of N,Os into the reactor and others
were performed by injecting D5 with an excess of N@in
order to shift the dissociation equilibrium to,®s. All mecha-
nistic experiments were carried out by stepwise injection of
N2Os to vinyl ethers.

When the pressure inside the chamber exceeded 1020 mba
it was pumped of few percents to maintain the atmospheric

S

IBI, base e
compounds range (cm) (cm molecule?)
methyl vinyl ethet 1280-1163 (2.26+0.23)x 107
ethyl vinyl ethet 1255-1168 (2.53+0.20)x 10
propyl vinyl ethef 1250-1162 (2.19+ 0.13)x 107
butyl vinyl ethe? 1260-1160 (2.214+0.15)x 10°Y7
methyl formaté 1290-1100 (5.33+ 0.69) x 1077
ethyl formaté 1229-1126 (5.614 0.20) x 10717
propyl formaté 1251-1089 (5.87+ 0.16)x 1077
butyl formaté 1293-1099 (5.33£ 0.32) x 10717
isoprené 830-950 (1.03+£ 0.02) x 1077
formaldehyde 1845-1625 (1.25+ 0.13) x 10°%7
nitric acid' 840-930 (2.2+£0.2) x 1077
dinitrogen pentoxide ~ 710-790 (4.54+0.5)x 1077
nitrogen dioxidé 1665-1540 (1.1+£0.1) x 10°Y7

aDetermined in this work? See Klawatsch-Carrasco et*al.® See
Klotz et al® 9 See Hjorth et at® ¢ Averaged value of Cantrell et &f:,
Cantrell et al%° and Hjorth et af'® f Extracted from HITRAN database.

of the main infrared absorption band of vinyl ethers and their
oxidation products are presented in Table 1.

Chemicals.Dry synthetic air was generated using (from
liquid nitrogen evaporation, purity 99.995%, HO < 5 ppm,
Linde Gas) and @(quality NUS, purity>99.995%, HO < 5
ppm, Air Liquide). Organic reagents were obtained from
commercial sources: methyl vinyl ether, methyl formate and
ethyl formate were from Fluka>( 99%), ethyl vinyl ether and
isoprene were from ACROS>(99%), propy! vinyl ether, butyl
vinyl ether, propyl formate, and butyl formate were from Aldrich
(> 97%).

Kinetic Method. Time-resolved concentrations of reactants
were monitored from their infrared spectral absorptions. The
nitrate radical absorbs in the visible light at 662 Aieverthe-
less, since N@concentrations were very low due to the high
reactivity of vinyl ethers and the high level of NONO;
remained below the detection limit of our B\Wisible DOAS
system. In consequence, it was impossible to determine an
absolute rate constant and relative rate technique had to be used.
The principle of this technique is to measure the decay rate of
the selected compound (X) relative to a reference compound

r(R), through NG@-induced oxidation. The N&oxidation rate

constant of the reference must be well-known.

pressure. So some formation yields, i.e., those obtained at the

end of the experiments (see below), which were slightly affected
by this dilution, have been corrected.

Nitrate radicals were generated from the thermal decomposi-
tion of dinitrogen pentoxide (p0s == NO, + NOgz) which was
synthesized in a vacuum line following a method adapted from
Schott et ak* and Atkinson et al'®

@)
)

NOy(g)+ Ogq) = NOz + Oy
NO; + NO,,y = N,Os g

In the first stage of the synthesis, N@as trapped at 193 K
in a cold tube. Ozone was then flushed onto the,ystals

X + NO; — products k,
R + NO; — products k;

If the reaction with NQ radicals is the only sink for X and
R compounds, the following relation is obtained from the
integration of the kinetic equations:

In((X]¢/[X]0) = (k/k) In([R]¢/[R],)

where [X, [R]o, [X]t, and [R] are respectively the concentra-
tions of the selected compound and the reference compound at
times 0 and. A plot of In([X]o/[X]+) vs In([R]«/[R]y) yields a
straight line with a slope dé/k: and a zero intercept. The chosen

while the cold trap was moved to a second tube where formed "éférence compound was isoprene, whose; Ndation rate
dinitrogen pentoxide crystals were collected. At the end of the constant has been measured by several studies over the last 20
synthesis, the bulb containing dinitrogen pentoxide crystals was Years:® 2 Despite some discrepancies, most recent papers are
evacuated down to remove remaining N@room temperature. 1N good agreemerit=2 The reviewed value proposed by
N.Os was hence purified by trap-to-trap distillation and could 'UPAC (Knos+isoprene= (7.0 + 1.4) x 107*° cm® mol™* s™* at
be kept for several weeks in the cold trap under vacuum. 298 K?* February 2006) was used for this study.

Infrared spectra of reactants and products were calibrated by3 Results
flushing known amounts of the vapor of these compounds ™
(determined by measuring the pressure into a calibrated 0.55 L  Kinetic Study. Plots of relative rate measurements for
Pyrex bulb) into the chamber. Integrated bands intensities (IBI) reactions of methyl, ethyl, propyl, and butyl vinyl ethers with
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7 obtained here. Our values for ethyl, propyl, and butyl vinyl

{ ©methyl vinyl ether O ethyl vinyl ether ethers are in agreement with those of Pfrang &teaid Zhou et

6 | 2 Propyl Vinyiethe’ X butyl vinyl ether al 22 within the uncertainties. One can notice that the uncertain-
X ties associated with the present study are much smaller than

the one of Pfrang et dlon ethyl vinyl ether, but they are on

the same order as those obtained by Zhou &% al.

To evaluate the influence of the oxygenated function on the
oxidation rate, measured rate constants for vinyl ethers (ROCH
CH,) were compared to those published for terminal alkenes
(RCH=CHy,). These rate constants are presented in Table 3. It
appears clearly that when the oxygenated function is added, the
reactivity is strongly enhanced. For example, reactivity of methyl
vinyl ether toward NQ@ is about 75 times higher than the one
of 1-propene. Similarly, the butyl vinyl ether rate constant is
about 100 times higher than the one of 1-hexene. Hence, it can
be concluded that the activating effect of the ether function on
the reactivity toward N@is very strong. This effect could be
attributed to the mesomeric donor effect of the oxygen atom
which could stabilize the nitro alkyl radical in the case of an
Figure 1. Plots of relative rate measurements for reactions of methyl, NO; addition on the external carbon.

ethyl, propyl, and butyl vinyl ethers with nitrate radical (correspondin
to aﬁl epxpgxments foryeacgether). The ordinate scale i(s oﬁsert) by 1 f%r Mor(_eover, one can also observe that the rate Con_stants tend
EVE, by 2 for PVE, and by 3 for BVE. to go increasingly W|th.the R alkyl chain Iength since rate
constants for methyl vinyl ether and butyl vinyl ether are
the nitrate radical, using isoprene as reference compound argespectively 7.2« 10-*3and 17.0x 103 cm® molecule*s™%.
presented in Figure 1. For each vinyl ether, several experimentsHowever, taking into account the uncertainties on these rate
were carried out (3 or 4). The obtained rate constants areconstants, one cannot conclude whether a plateau is reached or
reported in the Table 2 and compared to previous studies. Thiswhether rate constants increase regularly with the alkyl chain
study represents the first kinetic experimental determination for length. For ethyl vinyl ether, for example, assuming that the
NOs oxidation of methyl vinyl ether. One can notice that for contribution of the H-abstraction on the @HCH,—O—
each compound, rate constants deduced from different experi-group is equal to half the rate constant of diethyl ether
ments are in good agreement (by taking into account the (CHz—CH;—O—CH;—CHg) (i.€., Kdiethyi etherno; = (3.1+ 0.1)
uncertainties) whatever the method used to generatg NO x1071%),26 one can consider that H-abstraction corresponds to
radicals, which indicates that the used chemical system doesless than 1% of the total rate constant andsf@ds mainly on
not influence the results. the double bond. So the increase of the rate constant with the
For each single experiment, the uncertainty was calculated alkyl chain cannot be explained by the H-abstraction on the
using the method developed by Brauers and Finlaysor?Pitts additional carbons. Hence, the increase of the rate constants
which takes into account errors on both abscissa and ordinatecould be explained by an inductive donor effect of alkyl groups
scales (see Table 2). The uncertainty on the final averagedand a plateau may be reached.
constant was calculated by taking into account the uncertainties Mechanistic Study. The main detected products were
on each single experiment and by modeling the distribution of formaldehyde and alkyl formate (ROC(=O)H), with the alkyl
values by a Gaussian curve. Here, df this distribution was group being identical to that of the studied vinyl ether{@—
retained as statistical error. CH=CH,). In addition to these oxidation products, nitric acid
The SAR value obtained by Grosjean et’dlor reaction of was largely produced during the experiments by heterogeneous
methyl vinyl ether with NQ@ is about twice as small as the one reaction on the walls:

=0 / [vinyl ether]t }

In { [vinyl ether]s

In { [isoprene]i= / [isoprene]; }

TABLE 2: Reaction Rate Constants for the Reaction of Studied Vinyl Ethers with the Nitrate Radical at Atmospheric Pressure
and at 298 K, for Each Experiment, and the Subsequent Global Results for Each Compounds

k (cm?
compound type of experiment molecules®s™) other works

methyl vinyl ether with NQ excess (7.6 0.4) x 10713 4.68 x 10713(Grosjean et al})
with NO, excess (6.1x1.1)x 10718
with NO, excess (6.3 0.5) x 10713
final k (7.2+1.5)x 1013

ethyl vinyl ether with NQ excess (13.&1.5)x 10713 (17 + 13) x 1073(Pfrang et af)
with NO, excess (13.2 0.6) x 10713 (14.0+ 3.5) x 10713(Zhou et ald)
N20Os continuous flow (14.9: 3.4) x 10718
final k (13.1+£2.7)x 10718

propy! vinyl ether stepwise injections of,8s (13.0+4.1)x 10713 (18.5+ 5.3) x 107*3(Zhou et al*?)
stepwise injections of pDs 129+ 45)x 10718
with NO, excess (12.33.2)x 10718
with NO, excess (15.2 2.8) x 10713
final k (13.3+3.0)x 1013

butyl vinyl ether with NQ excess (15.91.8)x 10718 (21.0+ 5.4) x 107*3(Zhou et al?)
with NO, excess (18.% 1.6) x 10713
with NO, excess (16.6:1.3) x 10718

final k (17.0+ 3.7)x 1013
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Figure 2. Some IR spectra from 700 to 1400 cthobtained during a N@oxidation experiment of methyl vinyl ether. Spectrum A is a standard
spectrum of methyl vinyl ether, spectrum B was obtained a few minutes after the beginning of the experimenb@rtiOhave been subtracted
for clarity), spectrum C is the residual spectrum of spectrum B (methyl vinyl ether, methyl formate, formaldehyde apldaddlBeen subtracted),
and spectrum D is the residual spectrum obtained after NO injection (the same compounds have been subtracted as for spectrum C).

TABLE 3: Comparison of Rate Constants at Room ) decomposition of peroxynitrate. For each experiment on which
Temperature and Atmospheric Pressure of Reaction of Vinyl this procedure was applied, it was noticed that the bands at 792

Ethers and Re;e‘f"{mt Alkenes with Nitrate Radicals (in and 1729 cm?! vanished and only oxygenated nitrates remained
molecules cm® s7%) in the mixture

alkene vinyl ether
R R—CH=CH; R—O—CH=CH; RO,NO, = RO, + NO, )
CHs— (9.5+0.8)x 10°1= (7.2+ 1.5) x 107>
CoHs— (13.5+4.1) x 1072 (18.1£2.7)x 107> RO, + NO— RO+ NO, (5)
CaH7— (154 5) x 1071 (13.3+3.0)x 107®
CiHo— (18+7) x 1071 (17.0£3.7)x 107>

2 See Morris et al¥] Japar et al*® Atkinson et al4° Atkinson et Then, using the IR residual spectrum that corresponds
al.® Canosa-Mas et at!,and IUPAC evaluated kinetic dat.? This to (_)xygenated nltrates_ (R€C(O)d CHZ(ONOS) . +
work. ¢ See Atkinsorf? ¢ See Canosa-Mas et &l. CHO_ CH(OR)ONG, see_Flgure 5 and Figure 2d), .It was

possible to deduce a qualitative spectrum corresponding to the
N,O; + H,O0 — HNO, 3) sum of peroxynitrates by subtracting the oxygenated nitrates
spectrum to a residual spectrum acquired before NO injection.

Once having subtracted the standard spectra of formaldehyde, Typical time-resolved concentration profiles of reactants and
alkyl formate, and nitric acid to acquired infrared spectra, products are shown on Figure 3 and formation yields of
residual bands remained at 790, 845, 1033, 1208, 1282, 1680formaldehyde and alkyl formate were obtained by calculating
and 1730 cm®. The band at 1033 cm features methanol and  the initial slopes of the plots [formaldehyde] and [alkyl formate]
was observed during experiments relative to methyl vinyl ether vs —A[vinyl ether] (see Figure 4). The same curves have been
but its formation could not be explained. No aliphatic alcohol plotted for nitrates and peroxynitrates. However, since reference
formation was observed during N©xidation of the other vinyl spectra were not calibrated, plots of nitrates and peroxynitrates
ethers. Other bands at 790, 845, and 1282 cfeatured a are given in arbitrary units by measuring the intensities of their
mixture of oxygenated nitrates and peroxynitratésee Figure absorption bands. Typical curves extracted from the same
2a—c). As no standard spectra of oxygenated nitrates and experiment are also presented in Figure 4. A secondary
peroxynitrates were available, it was not possible to identify or production of formaldehyde and alkyl formate is noticeable on
quantify each single compound. Moreover, as the two main IR this curve as its end inflects strongly, which is explained by
bands of alkyl formate overlap residual bands at 1208 and 1730the peroxynitrates decomposition (see oxidation scheme in
cm™1, the quantification if this compound was not easy and its Figure 5). Indeed VOCSs oxidation generally yields to a peroxy
measurement had to be associated with large uncertainties. radical (RQ)?® which can either react with N{Cto produce a

Nevertheless it has been possible to separate oxygenatedhermally unstable peroxynitrate in equilibrium with the peroxy
nitrate spectra from peroxynitrate spectra, as a few ppm of oxide radical (see equilibrium 4), or give an alkoxy radical:
nitrogen (NO) were added into the chamber at the end of some
experiments in order to decompose peroxynitrates. Indeed, NO RO, + RO,— RO+ RO +0, (6)
converts quickly the peroxy radicals into alkoxy radicals
(reaction 5), and so shifts the equilibrium (eq 4) to favor the RO, + NO;—~ RO+ NO, + G, (7)
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Figure 4. Formation yields of different products during a Bl6xidation experiment of methyl vinyl ether. The bold line indicates the tendency
of the evolution of the oxygenated nitrates, while the tear line indicates that of alkyl peroxynitrates.

or even give alcohol and a carbonyl compound through an Klotz et al® for methyl vinyl ether, who observed the formation
of formaldehyde and methyl formate with equal yields of about
50%.

instable state:

R—CHO,—R' + R—CHO,—R' —R-CHO-R’ +

R—C(OH)-R' + O, (8)

It should be noticed that yields obtained here are not necessary

representative of the tropospheric conditions as experiments
were carried out with high N©levels (several ppm), whereas
tropospheric concentrations do not exceed a few tens of ppb.
In other words the peroxynitrates play the role of reservoir The consequence is that yields of peroxy nitrates are much
of peroxy radicals, which delays the release of the peroxy higher than those that should be obtained under real tropospheric
radicals and explains the secondary production of the different conditions, and consequently, obtained yields of formaldehyde
products. Since the production yields of formaldehyde and alkyl and alkyl formate were smaller. Yields under real atmospheric
formate are equal for the four studied vinyl ethers, within conditions can be approximated by calculating the ratios
uncertainties, the coproduction of the two compounds may be [formaldehyde]/-A[vinyl ether]) and [alkyl formate]{ A[vinyl
assumed. These results are in good agreement with those ogther]) once all peroxynitrates have decomposed, meaning after
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Figure 5. Proposed mechanistic pathways afterN®Qidation of aliphatic vinyl ethers.

TABLE 4: Formaldehyde and Alkyl Formate Primary-Like and Global Yields Obtained from All Performed Mechanistic
Experiments

primary yield (%) final yield (%)
vinyl ether experiment no. formaldehyde alkyl formate formaldehyde alkyl formate
methyl 1 47+ 6 47+ 4 53+ 9 54+ 6
2 41+ 17 39+ 11 59+ 20 60+ 14
ethyl 3 60+ 5 48+ 2
4 47+ 12 37+ 6
5 52+ 8 46+ 4 68+ 13 60+ 7
propyl 6 48+ 12 37+ 6 50+ 12 50+ 3
7 57+ 22 60+ 16 54+ 22 54+ 12
butyl 8 46+ 8 44+ 5
9 44410 43+ 8
10 47+ 7 52+5
11 40+ 4 4442 49+ 8 52+ 4

NO injection (see Table 4). To calculate these “final” yields, it pounds are the same whatever the double bonded carbon on
was checked that loss processes of products, i.e., mainly reactiowhich NO; adds. The coproduction of formate and formaldehyde
with NOs, were negligible for the duration of the experiments: is confirmed by their equal formation yields.

k(HCHO + NOs) = 5.6 x 10716 cm?® s~ molecule’ 2°30and «NO; addition on the alkoxy radical leads to a dinitrate which
k(alkyl formate + NOg) < 107163l (at T = 300 K and is identical for the two oxidation pathways. However, as
atmospheric pressure) leading to lifetimes higher than respec-formaldehyde and alkyl formate yields remain equal whatever
tively 4 and 20 h under the conditions of this work. the NQ, concentration is, the production of this dinitrate may

From these observations, a mechanism based on the assumege a minor process.
NO; oxidation scheme is now discussed (see Figure 5). Itis |l these observations largely agree with those made by Klotz
double bonded carbon occurs rather than an H-abstratfon.  knowledge of reactivity of ethyl vinyl ether, propyl vinyl ether
This addition is followed by an ©addition which produces a  and butyl vinyl ether which react similarly to methyl vinyl ether
peroxy radical. Then this radical can yield a peroxynitrate (see wjth NO, since main products are formaldehyde and alkyl
equilibrium 4). It can also yield carbonyt alcohol. Finally, it formate. Identically to Klotz et aPexpected products of H-
can lead to an alkoxy radical by reactions’a Three possible  gpstraction by N@(the same as those produced of H-abstraction
pathways are assumed for the subsequent reaction of alkoxyhy OH) were not detected, i.e., formic anhydride and vinyl
radical: formate, which confirms that H-abstraction is a minor process.

+H-abstraction by @on thea-position of the alkoxy radical  Moreover, no traces of epoxide were either detected.
results in oxygenated nitrates and H@lease. Two different
oxygenated nitrates can be formed depending on the nitrate; £nvironmental Impact
attack position.

eScissions of the €C bond on theo-position and of the Tropospheric lifetimes of methyl, ethyi;propyl, andn-butyl
C—ONO, bond on thep-position of the alkoxy lead to  vinyl ethers were estimated with respect to NRidation (using
formaldehyde, alkyl formate, and NOThe produced com-  rate constants measured in this work) and through OH and O
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TABLE 5: Calculated Lifetimes of the Four Studied Vinyl Ethers

Scarfogliero et al.

with Respect to NO;, OH, and O3, Considered at Their Usual

Concentrations Where MVE, EVE, PVE, and BVE Refer to Methyl Vinyl Ether, Ethyl Vinyl Ether, Propyl Vinyl Ether, and

Butyl Vinyl Ether

oxidant rate constants (in dmolecule® s™) oxidant concentration studied vinyl ether lifetimes
NO3 kwe = (7.24 1.5) x 10713 (this work), 2 ppt (remote atmosphere) —8h
keve = (13.14 2.7) x 10 13 (this work), 50 ppt (polluted atmosphere) —80 min
keve = (13.3+ 3.0) x 10~*3(this work),
keve = (17.0+ 3.7) x 1013 (this work)
OH kwve = (4.534 0.70) x 107116 2 x 10° molecule cm® 1-3h
kEVE = (724:|: 081) X 10_11,6'7
keve = (10.5 1.4) x 107116
keve = (11.1+ 1.4) x 107126
0s keve = (1.95+ 0.14) x 1071667 50 ppb 1h

Keve = (2.35+ 0.38) x 107168
keve = (2.854 0.15)x 107166

oxidation (using rate constants measured by Thiault &f)al.
Calculated values are reported in Table 5.

It is concluded that nighttime chemistry does really affect
the tropospheric fate of vinyl ethers, since their lifetimes with
respect to N@ attack range from 0.1 times to 3 times their
lifetimes with respect to OH or to ©Hence a significant part
of vinyl ethers can be oxidized by NQluring the night for
typical NO; concentrations in remote and polluted atmospheres

Lifetimes of vinyl ethers in the troposphere are short, but those p;

of their products are much greater (formaldehydsy = 16
h;24 alkyl formate,ronq = 3—30 day$324, so that they can travel

on a rather long distance toward the troposphere and impact on‘%

a regional scale. For example, formaldehyde (as aldehydes in

general) is known to play a role in the tropospheric OH buéfyet.

Moreover, oxidation of oxygenated nitrates and formates can
play a role in multiphase chemistry, as these functionalities have ™

References and Notes

(1) Website of the Intermediates Division of BASF Aktiengesellschaft.
http://lwwwz2.basf.de/en/intermed/.

(2) Wayne, R. P.; Barnes, |.; Biggs, P.; Burrows, J. P.; Canosa-Mas,
C. E.; Hjorth, J.; Le Bras, G.; Moortgat, G. K.; Perner, D.; PouletA@os.
Environ. Part A1991 25, 1.

(3) Dabt, A. F. M. S.; Toxicity summary for nitrates, Oak Ridge
National Laboratory. http://risk.Isd.ornl.gov/tox/profiles/nitrates_c_V1.shtml.
(4) Carmichael, P.; Lieben., &Arch. Erviron. Health. 1963 7, 424.

(5) Stokinger, H. E. Aliphatic nitro compounds, nitrates, nitrites. In
ty’s Industrial Hygiene and Toxicolog€layton, G. D., Clayton, F. E.,
Eds.; John Wiley & Sons: New York, 1982; Vol. 2A, p 4169.

(6) Thiault, G. BEude de la dgradation d’'aldbydes aromatiques et
‘éthers vinyliques dans des conditions atmdsjgues simules. Ph.D.
hesis, University Paris 7, 2002.

(7) Thiault, G.; THeenet, R.; Mellouki, A.; Le Bras, GPhys. Chem.
Chem. Phys2002 4, 613.

(8) Klotz, B.; Barnes, I.; Imamura, Phys. Chem. Chem. PhyZ004

(9) Pfrang, C.; Tooze, C.; Nalty, A.; Canosa-Mas, C. E.; Wayne, R. P.

been identified in the condensed phase during chamber experi-atmos. Emiron. 2006 40, 786.

ments3%:37 Finally nitrates play the role of reservoir of NO

released by peroxynitrates decomposition (as explained in the”

mechanistic discussion), or by oxygenated nitrate photo¥sis.
Since formaldehyde is carcinogeffic*! and nitrates are likely

to be toxic and to be an irritahit* they might impact on human

health. This impact may be particularly important in indoor

(10) Perry, R. A.; Atkinson, R.; Pitts, J. N., . Chem. Phys1977,
611.
(11) Grosjean, D.; Williams, |.; Edwin, LAtmos. Emiron. Part A1992
26, 1395.

(12) Zhou, S.; Barnes, I.; Zhu, T.; Bejan, |.; Benter,JT Phys. Chem.
A 2006 110, 7386.

(13) Doussin, J.-F.; Ritz, D.; Durand-Jolibois, R.; Monod, A.; Carlier,
P. Analusis1997, 25, 236.

atmospheres, as vinyl ethers are used as solvents in paints, (14) Schott, G.; Davidson, NIl. Am. Chem. S0d.958 80, 1841.

adhesives, or ink additives and as photolysis rate of M@y
be quite small and its precursors are present at significant leve

5. Conclusion

This work reports kinetic and mechanistic data onsNO
oxidation of a series of four aliphatic vinyl ethers: methyl, ethyl,
n-propyl, andn-butyl vinyl ethers. It led to experimentally

determined rate constants which are likely to enhance kinetic
databases in order to give rise to SARs and to allow better
prediction of rate constants for unstudied compounds for the 37,

purpose of being integrated in modeling programs.

Nevertheless, although the obtained uncertainties are quite

reasonable, it would be suitable to carry out experimental

(15) Atkinson, R.; Aschmann, S. M.; Winer, A. M.; Pitts, J. N., Jr.

| Environ. Sci. Technol1984 18, 370.

(16) Benter, T.; Schindler, R. NChem. Phys. Lett1l988 145 67.
(17) Dlugokencky, E. J.; Howard, C. J. Phys. Cheml989 93, 1091.
(18) Barnes, |.; Bastian, V.; Becker, K. H.; Tong, Z.Phys. Chem.
199Q 94, 2413.
(19) Wille, U.; Becker, E.; Schindler, R. N.; Lancar, I. T.; Poulet, G.;
Le Bras, G.J. Atmos. Cheml99], 13, 183.
(20) Ellermann, T.; Nielsen, O. J.; Skov, &hem. Phys. Lett1992
200, 224.
(21) Berndt, T.; Bge, O.Int. J. Chem. Kinet1997, 29, 755.
(22) Suh, L.; Lei, W.; Zhang, R]. Phys. Chem. 2001, 105 6471.
(23) Stabel, J. R.; Johnson, M. S.; Langer|r$. J. Chem. Kinet2005
57.
(24) Atkinson, R.; Baulch, D. L.; Cox, R. A.; Crowley, J. N.; Hampson
Jr., R. F.; Kerr, J. A.; Rossi, M. J.; Troe, J. Summary of evaluated kinetic
and photochemical data for atmospheric chemistry, Web Version February
2006, IUPAC. http://www.iupac-kinetic.ch.cam.ac.uk/summary/IlUPAC-

determinations of these rate constants with an absolute kineticsumm_web_latest.pdf.

method in order to reduce uncertainties.

Acknowledgment. The authors thank the European Com-
mission for having financed this work which took part of the
project MOST (Multiphase Oxygenated Species in the Tropo-
sphere; contract EVK2-CT-2001-00114) They thank Dr Ab-
delwahid Mellouki from Laboratoire de Combustion at @ris
(France), who collaborated with them in this project MOST.
They thank Dr Guead Thiault for his help with the NOs
synthesis device.

(25) Brauers, T.; Finlayson-Pitts, Bit. J. Chem. Kinet1997, 29, 665.

(26) Chew, A. A.; Atkinson, R.; Aschmann, S. M. Chem. Soc.,
Faraday Trans.1998 94, 1083.

(27) Hjorth, J.; Lohse, C.; Nielsen, C. J.; Skov, H.; RestelliJGhys.
Chem.199Q 94, 7494.

(28) Atkinson, R.Atmos. Emiron. 200Q 34, 2063.

(29) Cantrell, C. A.; Stockwell, W. R.; Anderson, L. G.; Busarow, K.
L.; Perner, D.; Schmeltekopf, A.; Calvert, J. G.; Johnston, H].$hys.
Chem.1985 89, 139.

(30) Doussin, J. F.; Picquet-Varrault, B.; Durand-Jolibois, R.; Loirat,
H.; Carlier, P.J. Photochem. Photobiol. 2003 157, 283.

(31) Langer, S.; Ljungstm, E.; Wagberg, 1.J. Chem. Soc., Faraday
Trans.1993 89, 425.



Gas-Phase N{Oxidation of Aliphatic Vinyl Ethers

(32) Finlayson-Pitts, B. J.; Pitts, J. N., &hemistry of the upper and
lower atmosphere. Theory, experiments, and applicatiohsademic
Press: San Diego, CA, 2000.

(33) Wallington, T. J.; Dagaut, P.; Liu, R.; Kurylo, M. ht. J. Chem.
Kinet. 1988 20, 177.

(34) Le Calve, S;; Le Bras, G.; Mellouki, Al. Phys. Chem. A997,
101, 5489.

(35) Carlier, P.; Hannachi, H.; Mouvier, Gtmos. Emiron. 1986 20,
2079.

(36) Jang, M.; Kamens, R. MEnviron. Sci. Technol2001, 35, 3626.

(37) Angove, D. E.; Fookes, C. J. R.; Hynes, R. G.; Walters, C. K,;
Azzi, M. Atmos. Emiron. 2006 40, 4597.

(38) Cogliano, V. J.; Grosse, Y.; Baan, R. A,; Straif, K.; Secretan, M.
B.; El Ghissassi, F.; The Working Group for Volume &wiron Health
Perspect2005 113 1205.

(39) Pinkerton, L. E.; Hein, M. J.; Stayner, L. Dccup. Emiron. Med.
2004 61, 193.

(40) Hauptmann, M.; Lubin, J. H.; Stewart, P. A.; Hayes, R. B.; Blair,
A. Am. J. Epidemiol2004 159, 1117.

(41) Hauptmann, M.; Lubin, J. H.; Stewart, P. A.; Hayes, R. B.; Blair,
A. J. Natl. Cancer Inst2003 95, 1615.

(42) Klawatsch-Carrasco, N.; Doussin, J.-F.; Carlier]re. J. Chem.
Kinet. 2004 36, 152.

J. Phys. Chem. A, Vol. 110, No. 38, 20061081

(43) Hjorth, J.; Ottobrini, G.; Cappellani, F.; Restelli, & Phys. Chem.
1987 91, 1565.

(44) Cantrell, C. A.; Stockwell, W. R.; Anderson, L. G.; Busarow, K.
L.; Perner, D.; Schmeltekopf, A.; Calvert, J. G.; Johnston, Hl.hys.
Chem.1985 89, 139.

(45) Cantrell, C. A.; Davidson, J. A.; Mac Daniel, A. H.; Shetter, R.
E.; Calvert, J. GChem. Phys. Lettl988 148 358.

(46) Hjorth, J.; Ottobrini, G.; Cappellani, F.; Restelli, & Phys. Chem.
1987 91, 1565.

(47) Morris, E. D., Jr.; Niki, HJ. Phys. Chem1974 78, 1337.
(48) Japar, S. N.; Niki, HJ. Phys. Chem1975 79, 1629.

(49) Atkinson, R.; Plum, C. N.; Carter, W. P. L.; Winer, A. M.; Pitts,
J. N., Jr.J. Phys. Cheml1984 88, 1210.

(50) Atkinson, R.; Aschmann, S. M.; Pitts, J. N., Jr.Phys. Chem.
1988 92, 3454.

(51) Canosa-Mas, C. E.; Smith, S. J.; Waygood, S. J.; Wayne, R. P.
Chem. Soc., Faraday Tran$991 87, 3473.

(52) Atkinson, R.J. Phys. Chem. Ref. Dateb97, 26, 215.

(53) Canosa-Mas, C. E.; King, M. D.; McDonnell, L.; Wayne, R. P.
Phys. Chem. Chem. Phyk999 1, 2681.



