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The rate constants for the gas-phase reactions of the riidical with a series of unsaturated aldehydes
(acrolein, crotonaldehydé&ans-2-pentenalirans-2-hexenalfrans-2-heptenal, andis-4-heptenal) have been
measured directly using a flow tube system coupled to a laser-induced fluorescence (LIF) detection system
where the N@radical was monitored. The kinetic study was conducted in the temperature range from 298
to 433 K to investigate the temperature dependence of these reactions. This work is the first temperature-
dependence study for the reactions of the nitrate radical with the above-mentioned aldehydes. The measured
room-temperature rate constants for the reaction of With such unsaturated compounds (in units of 10

cm® molecule! s71) are as follows: acrolein, 0.2% 0.04; crotonaldehyde, 1.6% 0.19;trans-2-pentenal,

2.88+ 0.29;trans-2-hexenal, 5.49% 0.95;trans2-heptenal, 9.5% 0.19;cis-4-heptenal, 26.46- 0.40. The
proposed Arrhenius expressions for such reactions of &6, respectivelyk; = (1.7 4+ 3.2) x 107 exp[—

(3232 £ 355)T] (cm® molecule® s, ko = (5.524 0.82) x 107! exp[—(2418+ 57)/T] (cm3 molecule?

s 1), ks = (5.4 & 0.3) x 10712 exp[—(1540 £ 200)/T] (cm® molecule® s1), k; = (1.20+ 0.3) x 10°1*
exp[—(926 £ 85)/T] (cm® molecule® s, ks = (0.8 £ 0.2) x 102 exp[—(632 £ 47)/T] (cm® molecule*

s 1), andks = (0.2 + 0.1) x 10! exp[—(657+ 6.0)/T] (cm® molecule s™1). Tropospheric lifetimes for

these aldehydes have been calculated at night and during the daytime for typicah8OH concentrations
showing that both radicals provide an effective tropospheric sink for these compounds and that the night-
time reaction with N@radical can be an important loss process for these emitted organics and for the NO
radicals. The present work aims to evaluate the importance of these reactions in the atmosphere and to contribute
new data to the study of NQJeactivity.

Introduction Aldehydes are removed from the troposphere by a photolytic

. . . ) process yielding radicals as primary products and by chemical
Large quantities of organic compounds are emitted into the o4 tions with the OH radical during the day time or with the

atmosphere from antropogenic and natural soutces\lde- 5. radical during the night. Although the N@nitiated degra-

hydes are emitted as primary pollutants frqm partial oxidation dation is not the prime loss process fo3-unsaturated alde-

of hydrocarbon fuels, and they are the first _S‘ab"? pr_oducts hydes in the atmosphere, kinetic data for thesMé&action with

(hs%condagy po\ll/utanttst)_ frc;]m thle %tmosph(_anc_f_oxmtlanon of fthese aldehydes is needed to get a better understanding about

ydrocarbons. Vegetation has also been a significant Source Ofy, o o aldehydes in the atmosphere where the reactions of

aldehydes, emitted from a variety of arboreous plants, shrubs, . . ) :
herbaceous plants, and mosses. In addition to the direct emissior'1\|03 radical with a,5-unsaturated aldehydes could potentially

- ; o . lead to a night-time source of the OH radi€aind to develop
from vegetation, the atmospheric oxidation of naturally emitted . L . .
. : S . a reliable structure reactivity relationship for these compounds.
volatile hydrocarbons constitutes a significant source of a various

number of aldehydes. Of these, thg-unsaturated aldehydes The night-time reaction of N@radical with a,8-unsaturated
the subject of this Work are ,formed from the reactions ;)f aldehydes has been the subject of a few kinetic studies; several

H H i —17
conjugated dienes or terpenes as limonene or terpinolene. TheOf these studies are on the hf2actions with acrolef " and

> . C )
principal representative of treS-unsaturated aldehydes in the crotci_naldeh]}/ dNé’ bqirI]ethlnvestlgatltlont h;\s Ilo deehn gwecte%ot;]he
atmosphere is acrolein, which has been the subject of severa eactions of N@ with other unsaturated aldehydes, wi €

studies’"1” The principal atmospheric source of acrolein is the inetic and mechanistic data on the a}tmospher_ic behavior of
oxidation of isoprene; other sources range from coffee manu- largera. 3 -unsa}ltl;rateg a]degydes(:s) being e?pec;ally scarci.
facture to tobacco smoke and include forest fires and synthetic”* 9réat part of the obtained rate constants for the vapor-phase

rubber manufacture. Other-unsaturated aldehydes have also reaction of NQ with this series of aldehydes have been
been measured in ambient air in urban and rural ateass determined by relative technique.

2-hexanal and other larger aldehydes have been observed in In this article, we report the kinetic study of the reactions of
the emission of mediterranean vegetation. NOs with some unsaturated aldehydes (acrolein, crotonaldehyde,

trans-2-pentenaltrans-2-hexenaltrans-2-heptenal, andis-4-

*To whom correspondence should be addressed. E-mail: bgalan@ Neptenal) in a fast-flow system by using laser-induced fluores-
gifi-cr.uclm.es cence (LIF) detection of the N{adical.
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acrolein+ NO; — products (1) Helium (Carburos Métacos, C50) was passed through an
oxygen-removing column (Oxisorb, Messer Griesheim) and
crotonaldehyde- NO; — products (2) through a trap-containing molecular sieve. Molecular fluorine
(5% in He) was supplied by Union Carbide. Anhydrous gaseous
trans-2-pentenat- NO;— products (3) HNOs in a He carrier was prepared by bubbling He through a
mixture of LSO,-HNO;3 (P. A. Panreac).
trans-2-hexenah- NO; — products (4) The source of the organic reactants and their stated purity
levels were as follows: acroleina (99.5%, Aldrich), crotolal-
trans-2-heptenat NO, — products (5)  dehyde (97%, Aldrich)trans-2-pentenal (99%, Acros Organic),
) trans-2-hexenal (97%, Acros Organidjans-2-heptenal (99%,
cis-4-heptenat- NO;— products (6)  Acros Organic)gis-4-heptenal (95%, Acros Organic); all were

The absolute rate constants at different temperatures have beepurified by successive trap-to-trap distillations.
measured and the Arrhenius parameters calculated for all the
studied reactions. Although there are different kinetic studies Results

for the reaction of the Neradical with unsaturated aldehydes,  The kinetic experiments for acrolein and crotonaldehyde were
in relation to the series of aldehydes presented in this work, performed under pseudo-first-order conditions, with both reac-
only the reaction of N@radical with acroleit*"7 crotonal- tants present in a large excess oversNThe corresponding

dehyde}” andtrans-2-hexenal® have been studied experimen-  oynerimental data were analyzed using the pseudo-first-order

tally before and just at room temperature. Grosjean and integrated rate expressiéhas it is shown in eq |.

Williams?° have determined the value of the rate constant for

the reactions ofrans-2-pentenal antrans-2-hexenal with N@ [NOg4l,

radicals using a structurgeactivity relationship. |n[N03]
No temperature-dependence study of the rate constant for t

reactions +6 has been previously reported to allow us a

comparison of our experimental data. Consequently, only the

values of the absolute rate constants obtained at room temper

ature have been compared with the available reported data.

= (K[reactant]) = kt 0

Because the vapor pressure of the other unsaturated aldehydes
is low, the experiments on these compounds were performed
without a large excess of reactant over NO'he ratio
[unsaturated aldehyde]/[NPwas only varied between 1 and
Experimental Section 4, so the data for the reaction of N@ith trans-2-pentenal,

All the kinetic experiments were conducted in a fast-flow trans-2-hexenaltrans2-heptenal, andrans-4-heptenal were
discharge system with LIF detection for the nitrate radical, 2n@lyzeéd using the second-order integrated rate expression,
excited atl = 662 nm. The arrangement of the apparatus and 2SSUMing & 1:1 stoichiometry (eq ).

experimental procedures were described in detail previcsty, M= X))
so only a brief description is given here. In—————= (B, — Akt (D))
Nitrate radicals were generated in a sidearm tube by the fast M(1 — X)) ? °

reaction between F atoms and HN® microwave discharge

(2450 MHz) acting on k-He mixtures produced fluorine atoms ~ Where M= [reactant}/[NOg]o, B, = [reactant}, Ao = [NOg]o,
efficiently. In all experiments the HN{xoncentration was in ~ and

a sufficiently large excess over the F atoms concentration to

prevent the secondary reactions involvingHFNO3; — FO + _ [NOgl, — [NOg], (I

NO, from consuming N@ The radical was admitted to the flow a [NO4],

tube at the upstream end through a fixed port. The initiafNO

concentrations ranged from 4 to 2 10'2 molecules cm?. The reactions were investigated in temperatures ranging from

Absolute concentrations of NQvere determined before or after 298 to 433 K, and because of the existence of a temperature
each kinetic run by chemical titration with a known amount of profile in the flow tube, the rate constants at elevated temper-
tetramethylethene (TME2 The flow tube was coated with  ature were calculated assuming that the entire flow tube was at
halocarbon wax and, under the working conditions, the coef- the same high temperature and the cell was at room temperature.
ficient for the wall loss of the nitrate radicad,, was found to Thus, the adequate standard kinetic equation is applied sepa-
be <0.1 s'L. rately to both regions at the different temperatures. Airds €t al.
The reactants were introduced to the flow through a sliding and Martnez et af” showed that this method leads to good
injector, the position of which varied from 3 to 70 cm from the results in a system with a similar temperature profile in the flow
center of the observation region. The time evolution of the tube.
reaction was archived by changing the distance between the Plots of In([NG;]o/[NO3]); vs time (first-order plot) were
injector and the detection cell. Contact times between the NO obtained in accordance with eq | for the reaction of thesNO
radical and the reactant ranged from 6 to 130 ms. Concentrationradical with acrolein and crotonaldehyde, at all the studied
of aldehydes ranged from 0.06 t0>5 10 molecules cm3. temperatures, giving the corresponding pseudo-first-order rate
Helium was used as a carrier gas, and the experiments wereconstantk’. Figure 1 shows a typical first-order plot for the
conducted at a total pressure oft10.1 Torr. The flow tube reaction of NQ with crotonaldehyde at 433 K. The obtained
was heated between room temperature, 298 K, and 433 K byfirst-order rate constantk’ for each compound at a given
an electronically regulated heating tape. Direct measurementstemperature were plotted against the reactant concentration, and
of the temperature inside the flow tube showed that the the second-order rate constants were obtained as the slope of
temperature dropped rapidly at approximately 7 cm upstream least-squares fits of these data. Figure 2 shows plots of the
from the detection cell. The temperature profiles as a function pseudo-first-order rate coefficieritsvs the reactant concentra-
of distance from the cell were obtained as reported by Canosa-tion for the reaction of N@ with crotonaldehyde at all the
Mas et ak* studied temperatures.
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Figure 1. First-order plot for the reactions of N@vith crotonaldehyde 00
at 433 K. 1 ! ! ! !
0.04 0.08 0.12 0.16
X T=433K t/s
A T=330K Figure 3. Plots of 1/(B - Ao) In[(M — Xa)/M(1 — Xj)] vs t, for the
B T=345K reaction of the nitrate radical witlrans-2-pentenal at different
80.0 - e T- 298K temperatures according to eq Il.
TABLE 1: Summary of the Measured Rate Coefficients for
1 % the Reactions of NQ with Aldehydes
] A (1071
60.0 1 T k (10" % cm? [reactant] (1&* Ea molecule’*
] (K) moleculets™) molecule cm®) (kJ mol?) cmis)
] acrolein
| 298 0.25+0.04 35
" 345 1.50+ 0.32 -2 26.9+3.2 1.7+3.2
- 40.07 389 4.85+ 0.37 -3
4 1 433 8.37+ 0.66 -3
1 crotonaldehyde
| 298 1.60£ 0.19 -4
345 5.10+ 0.64 -4
20.0 7 389 10.12+2.49 -4 20.1+ 0.5 5.5+0.8
| e — 433 2087232 14
‘/././ trans-2-pentenal
M—I 298 2.88+0.29 0.4-1
345 6.60+ 0.51 0.4-1 12.8+ 1.7 0.544+0.30
0.0 " T " T " T " T ' ! 389 10.05£0.75 0.4-1
0.0 1.0 2.0 3.0 4.0 5.0 433  15.04+ 1.30 0.4-1
[Crotonaldehyde]/10 " molecule cni®
trans-2-hexenal
298 5.494+ 0.95 0.+0.4
Figure 2. Plots of the pseudo-first-order rate coefficieftsys the 345 8.56+ 0.59 0.+-0.4 7.7+£1.4 0.12+0.03
concentration of crotonaldehyde at different temperatures. 389 10.88+0.97 0.+04
433 1522+ 1.77 0.+0.4
For the reactions 36, plots of 1/(B - Ag) In[(M — Xy)/ trans-2-heptenal
M(1 — Xj)] vs t, according to eq Il yield the bimolecular rate 298 9.59+0.19 0.06-0.4
constants. Figure 3 shows plots of 1§(B Ag) IN[((M — Xa)/ ggg ﬁ-gi 8-%8 8-8@8-2 59404 0.08L0.02
M(1 — XJ)] vstf_or the reaction of the nitrate radical witrans 433 18.0L 02 0.06-0.4
2-pentenal at different temperatures. < 4-hetenal
A summary of the absolute second-order rate coefficients 208  26.4% 0.4 c(;séf;oegzena
obtained for all the studied reactions- is given in Table 1. 345 356+ 0.30 0.06-0.02 55+ 0.1 0.02+0.01
The data for reactions-16 are shown in Figure 4 in the form 389  44.0+ 0.5 0.06-0.02
of Arrhenius plots, where Ik have been plotted vs T/ A 433  52.9+0.6 0.06-0.02

linear least-squares analysis of the data yields the activation [NO;) = (4-12) x 102 molecule cm?, Pr = 0.9-1.1 Torr;t =
energy and the preexponential factor. The rate constants at.006-0.130 s;y = 5—12 m/s, quoted error,&

different temperatures for reactions @ with the corresponding

activation energy and preexponential factor are summarized in  To assess the possible influence of secondary reactions on
Table 1. the calculated rate coefficients, a set of simulation calculations
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for the reactions of these unsaturated aldehyde$),lconsider- @ Acrolein

ing the two possible processes, addition to tkeGdouble bond B Crotonaldehyde
and the H-atom abstraction from theCHO group was made, A Trans-2-pentenal
using the FACSIMILE codé® In the calculations for each X Trans-2-hexenal

primary reaction +6, a consecutive pathway including the
possible reactions between the corresponding organic product
radicals (RCO, RO and R) and the nitrate radical was proposed,

@ Trans-2-heptenal
¥, Cis-4-heptenal

and the reaction of nitrate radical with N@vas included. In 2607
this work, the best fits of the Nfexperimental data were H
obtained when the weight of the secondary chemistry was
minimized, thus confirming a negligible effect of the secondary 280
reactions under the present experimental working condition. '
Indirect evidence of the absence of the secondary chemistry ~ N
influence is provided by the reasonably good agreement between_:"’
our results and those obtained by other authors, fundamentally -3 300 —
by relative technique together with the absence of curvature in 8
the plots of the data (Figures-B), including the data at large g ]
times. &

According to these experimental results, the following T 320 |
expressions for the temperature dependence of the rate constan
have been found: |
k, = (1.7+ 3.2) x 10 exp[—(3232+ 355)/T] 340 —

(cm®molecule*s™) (V)
| [ l | \ !
k, = (5.52+ 0.82) x 10 " exp[—(2418+ 57)/] 10 2.0 30 40 5.0
(cm® molecule*s™) (V) (UTy10° K!

— —12 - Figure 4. Arrhenius plots for the reactions of N@ith all the studied

k;= (5.40+ 0.3) x 10 ~ exp[—(15404+ 200)/T] aldehydes.

(cm® molecule*s™) (VI) .
TABLE 2: Comparison of the Room Temperature Rate
Constants (in units of cn? Molecule—! s71) for Reactions

k, = (1.24 0.3) x 10 ™ exp[—(926+ 85)/T] 16
(cm® molecule-* s (VII) Knog (1034 cP
molecule*s™)  kyo, (L07%*cm?
ks = (0.08+ 0.02) x 1071 exp[—(6324+ 47)M] compound (this work) molecule*s™) techniqué
3 11 acrolein 0.25+ 0.04 0.89+ 2.8 A
(cm® molecule~s ) (VIII) 011+ 0.04 RR
0.11+0.17 RR
—11
ke =(0.2+0.1) x 10 ~ exp[~(657+ 6)/T] crotonaldehyde 1.6£0.19 0.50+ 0.1¢ RR
3 ~1 1 trans-2-pentenal 2.88&0.29
(cm”molecule "s ) (IX) trans-2-hexenal 5.4% 0.95 1.2¢ RR
These expressions can predict the rate constants of the reaction%riinf_ﬁ:;?g;?al ng& 8:‘118
of acrolein, crotonaldehydé&ans-2-pentenalfrans-2-hexenal, _ )
trans-2-heptenal, andis-4-heptenal, respectively, with NGn 3Key to techniques: A, Absolute; RR, Relative Rat&rom ref

. [of d|
the range of temperatures cited above. 17.From ref 12.%From ref 19.

biggest increase being for the rate constant of the reaction of
NO3 with crotonaldehyde, which is about 6 times bigger than
The rate coefficients for the gas-phase reactions of the NO the rate coefficient for the N©reaction with acrolein. It can
radical with organic molecules span several orders of magni- also be observed that for each aldehyde the rate constant
tude?8-30 The published rate constants for the reaction okNO increases with temperature. The values of the rate constants at
with oxygen-containing organic compounds (aldehydes, ketones,room temperature obtained for the reactions studied in the pres-
alcohols, ethers) range from 1§ cm?® molecule* s for ke- ent work are compared with available reported data in Table 2.
tones to 10 cm® molecule® s71 for the reactions with alde- The reaction of the nitrate radical with acrolein is the most
hydes!’28-33 The absolute rate constants measured in this work studied; different experimental values for its rate constant,
at room temperature (shown in Table 1) have been found in obtained by absolute and relative technique, are presented. It
the range (0.227) x 10~ cn?® molecule’® s1; this range of can be seen that our absolute experimental value of rate constant
values is, in part, in accordance with the above-mentioned rangeis only slightly higher than the relative values given by
for the reaction of N@ with oxygen-containing compounds,  Atkinsont® and Canosa et a®,and quite lower than the absolute
but the obtained rate constants are also in the range of the ratevalue obtained for Canosa et'alThe comparative values for
constant for the reaction of N@vith alkeneg17.28-31.34-37 (phe- the other studied reactions are scarce, for the reaction of
tween 1018 and 1011 cm?® molecule! s71). From the analysis  crotonaldehyde anttans-2-hexenal the rate constant obtained
of the data given in Table 1, it can be observed that the rate in the present work are much higher than the relative values
constant increases with the length of the organic chain, the presented by Atkinso#:1° No experimental values of the rate

Discussion
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constant have been found for the reactionsrafhs-2-pentenal, for the reaction of N@with propanal (aldehyde saturated with
trans-2-heptenal, andis-4-heptenal. the same number of carbon atokn= 0.60+ 0.06 x 10714

No data about the dependence of the rate constant for theCh® molecule® s, Cabdias et af?). For the reaction of

reactions of N@Q with unsaturated aldehydes with temperature crotonaldehyde with the nitrate radical the rate constant increases
have been reported. with respect to those of acrolein and it is also slighter higher

than the rate coefficient for the reaction of p@ith butanal,

the corresponding saturated aldehykle=(1.464- 0.06 x 10714

cm® molecule-1 s—1, Cabdias et aP?). The same effect, an
increase of the rate constant when the length of the chain

reactions of N@Qwith compounds such as acrolein (26:8.2 increases and a rate constant higher than the corresponding

k | Ideh 204 05 k | 2. | saturated aldehyde, is observed for the reagtions of With
(ilémB(:)t)’l (;r?(gr:nao(?)(atrggs;-hoexeglsl (3/7101) ZT:]/sm Opl))etrrl;ir;a the rest of the unsaturated aldehydes studied in the present work.

2-heptenal (5.2+ 0.4 kJ/mol), anctis-4-heptenal (5.5 0.1 These facts can be explained, because the presence of a
kJ/mol). These positive valu'es of activation energy can be conqugted double bond with a carbonilic group reduces the
compared with the values obtained for other reactions of the (rjeactltvny (I)f ?Oth groupts, thtththe dpr%?ent():e §C_H3 group th
NO;s radical. The calculated values for the reactions studied in onates electron density to the double bond increasing the

this work for acrolein and crotonaldehyde (about 20 kJ/mol) {ﬁzcﬂvgfoigfbémegggﬁ] re;:ég’l'g;ntﬁfsa:i%;’nv'tgjzssleﬁgg ?vao
are of the same order as the activation energies for the NO y : P

abstraction process with alkaneXs;28-30 and similar to those reactive groups{C=C— and—CHO), and the addition process

obtained for the reaction of NQwith aliphatic aldehyde® is faster than the abstraction, the increase in reactivity involves

These values of activation energies could lead to suppose a2 major proportion of the addition process. The unexpected

process of abstraction of the aldehydic H. However, the ob- Increase in the rate constant of the reaction ofsNilih cis-

) Lo . . 4-heptenal could be because, in this compound, the carbon
tained activation energies of the reactions of the other alde- carbon double bond is not coniuaated with the carbonilic arou
hydes with NQ, are lower, between 12 and 5 kJ/mol values Jug group

similar to those obtained for the reactions of the j@dical and, because the addition is faster than the abstraction process,

with alkenes, haloalkenes, or terpenes which have been re-th(.a f'T5t occurs in a large proportion and this compound behaves
principally as alkene.

orted as of a few kilojoules per mole or show negative L .
5a|ues7v2&31'3}36 ) P g All these kinetic results, together with those of other

authors]17:28-30 gyggested that for the reactions of the NO
"adical with acrolein, and probably with crotonaldehyde, the
abstraction pathway is the dominant process. However, when
the hydrocarbon chain increases, the addition process could take
precedence, and the principal process could be the addition for

Therefore, this is the first study on temperature dependence
for the reactions of N@with acrolein, crotonaldehydésans
2-pentenal trans-2-hexenal trans-2-heptenal, anais-4-hep-
tenal. Table 1 shows a positive energy of activation for all the

Although temperature-dependence studies have not bee
performed previously for the Nfreactions with unsaturated
aldehydes, Atkinsoif has reported studies of the temperature
dependence for the reactions of aldehydes with the OH radical.
The reaction of aldehydes with OH are fastgr (ratg constants OftransZ-pentenaItransZ-hexenaI1rans-2-heptena|, andis-4-
about 10! cm?® molecule™t s™) than the reaction with the ND  pontenal: but at the moment, it is difficult to accurately define
radical, and a decrease of the rate constant has been observet(ple contribution of each process in the global mechanism.
with the increase of the temperature and a negative activation In conclusion, in the present kinetic study of the reaction of
energy of a few kilojoules per mole for all the studied aldehydes. the NQ; radical’ with a group of unsaturated aldehydes at

Thes? results for the reaction of OH with acroFélha\_/e been different temperatures, values of rate constants agreeing in part
explained through a mechamsm of H-anm abstraction ffom the with the reported values of N&radical aldehydes and with the
—_CHO_group with thez(s))lél-r;d|lc::al aﬂdltlon pathwa;ygamg_c;:‘ range given for the reactions of N@vith alkenes have been
minor importance at K. For the reaction o wit btained. All the studied reactions show a positive activation
crotonaldehyde, a m_echamsm has been proposed that procee ergy but, meanwhile, the reactions of N@ith acrolein and

by _H-atom_gbstractmn from the-CHO group and the OH- crotonaldeyde have a higher activation energy value, in ac-
radical addition to th_e €C bond at room temperature an_d only  cordance with the values obtained for the reactions of With

the H-atom abstraction process at high temperature. Itis known g 2 nes and aldehydes; the values obtained for the other

from kinetics ant_:l mechanistic s_tu_dies that Fhe reactivity of the \,qarrated aldehydes are in greater accordance with those
NOs and OH radicals shows a similar behavior toward the same ,pained for the reaction of N¢with alkenes. That fact could

kind of compound. The reactions of OH and d@dicals with ¢ oy piained by the presence or not of a conjugated double bond
alkenes, haloalkenes, dienes, and terpenes proceed predomiyi the carbonilic group that may have influence in the

nantly via the electrophilic addition of Nor OH radical o ¢qnipution of both processes, addition to the@double bond
the double bond or the reactions of these radicals with alkanesand H-atom abstraction. to the whole mechanism.

are consistent with a mechanism in win H atom is abstracted To date all these ideas have to be considered with caution

fromt_the C—fl;_fl?ondst.kl_n (;h's fsenset, the S|m_|tlﬁrt|:]y betwegg the because of the lack of data about these reactions; therefore, more
reactions ot difierent kinds ot substances wi es0d kinetics and, in particular, product information about the

fadicf”"s Ie?cli)s ES tg_ tr:ink ,g a similar mgcrllgn;]sn; forFthe reactions of the N@radical with these types of aldehydes ought
reactions of both radicals with,f-unsaturated aldehydes. For to be obtained. In this way we continue with the systematic

th? reac:]l?_ns W'th unsaltlurgfd alhdehydsg thbe3 Ngljlcgl investigation of the N@radical with other aldehydes to obtain
(electrophilic species) will add to the carbeearbon double o information to elucidate the reaction mechanism.
bond but may also abstract the aldehydic hydrogen. From the

obtained values of the room-temperature rate constant andA
activation energy for the reactions of N@vith unsaturated

aldehydes, it can be observed that the reaction of Mith The atmospheric lifetimes of the unsaturated aldehydes
acrolein presents the smaller rate constant of this series ofstudied in this article have been calculated with respect to the
unsaturated aldehydes and it is also smaller than the rate constarllO3 and OH radical reactions using the rate constants at room

tmospheric Implications
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TABLE 3: Calculated Tropospheric Lifetimes of the (2) Hahn, J.; Steinbrech, R.; Slemr,BUROTRAC BIATEX, Annual
Selected Aldehydes with Respect to Ngand OH Report, Part 4 1991; p 230.
(3) Muller, J. E J. Geophys. Red4992 97, 3787.
Knos Kow (4) Field R. A.; Goldstone, M. E.; Lester, J. N.; Perry, Rtmos.
(10 *cm® (10 *em? Tom TNOs Enwiron. 1992 26A, 2983.
molecule! molecule! (day-time (night-time (5) Guenther, A.; Hewitt, N. C.; Fall, R.; Geron, C.; Graedel, T.; Harley,
compound sh)? sP hours) hours) P.; Klinger, L.; Lerdan, M.; McKay, N. A.; Pierce, T.; Schoeles, B.;
acrolein 025 199 8 221 g’geslnlbé'gghleéhlf\;é;'glIamraju, R.; Taylor, J.; Zimmerman,JPGeophys.
crotonaldehyde 161 3.6 5 34 (6) Kotzias, D.; Konidari, C.; Sparta. Volatile Carbonyl Compounds
trans-2-pentenal 2.88 2.53 4.7 19 of Biogenic Origin-Emission and Concentration in the Atmosphere. Biogenic
trans-2-hexenal 5.49 2.80 4.3 10 Volatile Organic Carbon Compounds in the Atmosphetelas, G.; Slanina,
trans-2-heptenal 9.59 - - 6 J.; Steinbrecher R., Eds.; SPB Academic Publishing: Amsterdam, The
cis-4-heptenal 26.4 - - 3 Netherlands, 1997.
(7) Atkinson, R.J. Phys. Chem. Ref. Data Monodi994,2.
2[NOg] = 5 x 10° molecule cm® (12 h average), from ref 39; [OH] (8) Kerr J. A.; Sheppard, D. WEnviron. Sci. Technol1981, 15, 960.
= 1.6 x 10° molecule cm?® (12 h average), from ref 48Measured in (9) Maldotti A.; Chiorboli, C.; Bignozzi, C. A.; Bartocci, C.; Carassiti,
this work. °From ref 37. V. Int. J. Chem. Kinet198Q 12, 905.

. . (10) Atkinson, R.; Aschmann, S. M.; Carter, W. P. L.; Pitts, J. N., Jr.
temperature for the gas-phase reaction of such series of | 3 chem. Kinet1982 14, 839

aldehydes with both radicalkg, in combination with estimated (11) Edney, E. O.; Kleindienst, T. E.; Corse, E. Wt. J. Chem. Kinet
ambient tropospheric concentrations of these reactive specieslgi(%(i )18, 1k355. |
; inn- 12) Atkinson, R.; Plum, C. N.; Carter, W. P. L.; Winer, A. M.; Pitts,
[R]. according to the equation: J. N., Jr.J. Phys. Cheml1984 88, 1210 and 4446 (correction).
TR= l/kR[R] (X) (13) Cantrell, C. A.; Davidson, J. A.; Busarow, K. L.; Calvert, J.JG.

Geophys. Red 986 91, 5347.

The rate constant measured in the present work have beeny %ﬁ)Pgﬁ‘J{'egeZ';RHe?)'lgag‘;hg "1'33Ka”°“d'5’ A.; Martinet, A.; Mouvier,

used akg for the reactions of these unsaturated aldehydes with  (15) Hjorth, J.; Ottobrini, G.; Restelli, G. Phys. Cher 988 92, 2669.
NOs; and the rate constant corresponding to the OH-reaction (16) Canosa-Mas, C. E.; Carr, S.; King, M. D.; Shallcross D. E.;

have been obtained from bibliographic references (Table 3). TheThg’l”;g’Skairﬁo%?F‘{"’%”%E};S”"gﬁ-mc“sg g;‘gg 1Ph>’5999~ 1, 4195.
calculated lifetimes are also shown in Table 3 and allows an (18) Canosa—f\/las, C. E.. King, M. D.; Lopez, R.; Percival, C. J.

assessment of the absolute and relative importance of NO Shallcross D. E.; Wayne R. P.; Phyle, J. A.; Daele,JV.Chem. Soc.,
radical removal for these emitted organics. It is clear that the Faraday Trans1996 92, 2211.

i~ lifati (19) Atkinson, R.; Arey, J.; Aschmann, S. M.; Corchnoy S. B.; Shu, Y.
calculated tropospheric lifetimes of these unsaturated aldehyde JInt. 3. Chem. KinetL995 27, 941,

with respect to the daily OH reaqtion, bei.ng .of the order of few ~ (20) Grosjean D.; Williams, E. LAtmos. Eniron. 1992 26A, 1395.

hours, are shorter than the estimated lifetimes respect to the (21) Martnez, E.; CabZas, B.; Aranda, A.; Wayne, R. B. Chem. Soc.

NO; reaction which have been found to be on the order of days. Fazgg;ﬁyMTra%ns.w%G 9CZ 513- B Aranda. A Martin. .- W -
H H HNH H artnez, t.; Cabaas, b.; Aranda, A.; Martin, P.; ayne R. P.

It was only poss!ble2 aqcordlng to the l:_)lbllographlc sources, t0 o o Res. De Photochem. Photobioll997 1, 63.

estimate _the. dayly Ilfetlmes' for 'aqroleln and crotonaldehyde. (23) Sander, S. Rl. Phys. Chem1986 90, 4135.

These daily lifetimes are quite similar (8 h for acroleinand 5h  (24) Canosa-Mas, C. E.; Smith, S.; Waygood, S.; Wayne B. €hem.

for crotonaldeyde); however, a larger variation for the night Soc. Faraday Trans. 2991 87, 3473.

e . _ (25) Laidler, J. KChemical Kinetics3rd ed.; HarperCollins Publisher.
lifetimes from 221 h for acroleinot3 h forcis-4-heptanal can |\ ““{o\ Vork. 1987

be appreciated, with the corresponding night lifetimes for  (26) Airds, S.; Canosa-Mas, C.; Cook, D.; Marston, G.; Monks, P.;
acrolein and crotonaldehyde being quite different. Although the Wayne, R.; Ljungstim. E.J. Chem. Soc., Faraday Trar992 88, 1093.

lifetimes for the disappearance of these aldehydes with respectreézhzl)ol"ﬁgggeszé £, cabems, B.; Aranda, A Martin, PEnviron. Scl.
to the NQ reaction at night are larger than those corresponding -~ (2g)" chance, E. M.; Curtis, A. R.; Jones, I. P.; Kirdy CFRACSIMILE

to the daily process with respect to the OH radical, during the A Computer Program for Flow and Chemistry Simulation, and General
night time, the reaction with the N@adical could be considered Initial Values ProblemsHarwell Report, UKAEA, AERE-R8775; 1987.

; ; ; (29) Wayne, R. P.; Barnes, |.; Biggs, P.; Burrows, J. P.; Canosa-Mas,
as an important loss process for thes.e kinds of compounds Ne, E.; Hjorth, J.; LeBras, G.; Moortgat, G. K.; Perner, D.; Poulet, G.;
the atmosphere, and the degradation products from theSerestelli, G.; Sidebottom, HAtmos. Eniron. Part A 1991, 25, 1.
reactions must also be considered. The peroxyacyl nitrate (30) Atkinson, R.J. Phys. Chem. Ref. Data 1997, 26, 215.
radicals, the degradation products of the chain of reaction of 93(3}1)75"“””3, B.; Nielsen, C. JJ. Chem. Soc., Faraday Tran997,
NOs rad,lcal with a,f-unsaturated alde,hydes’ can provide a ’(32) Cabdas, B.; Martin, P.; Salgado, S.; Ballesteros B.; et E.
mechanism for the transport of NGpecies from the polluted . Atmos. Chen2000, in press.
regions to the clear are®of the globe, and these peroxyacyl (33) Martnez, E.; Cabaas, B.; Aranda A.; Wayne, R..B. Chem. Soc.,
radicals also yield H® which can participate in chemical cycles, ~Faraday Trans.1996 92, 4385.

S . . . 34) Martnez, E.; Cabaas, B.; Aranda A.; Albaladejo, J.; W , R.
then in night time, in the presence of the fi@dical, produce P.S. C)herﬁf gf,f:. Fara?ja@“‘?rankg;?”%a 2043, aladere ane

OH radicals in the troposphet&. (35) Marfnez, E.; CabZas, B.; Aranda, A.; Martin, P.; Salgado, 5.
Atmos. Chem1999 33, 265. _ _
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