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Abstract

An atmospheric simulation chamber equipped with both a long path UV-visible spectrometer and an in situ Fourier transform infrared
(FTIR) analysis device has been used to study the complete scheme of the nitrate radical initiated oxidation of acetaldehyde. This
study constitutes one of the first evidence under simulated atmospheric conditions of the existence of reagtio@H§O(0)O, —
CH3C(0)O + NO- + Oz which has been pointed out as an atmospherically important process in the nighttime OH production. Its rate
constant at 298 2 K has been found equal o= (3.2 + 1.4) x 10~ 2molecule ! cm?s1.

Rate constants for the following reactions have also been determined at 298 HCHO + NO3 — HNO3z + HCO with k =
(5.2 + 0.9) x 107 molecule* cm® s~ and CH{CHO + NO3 — HNO3 + CH3CO withk = (2.1 4 0.7) x 10 ®*moleculelcm?s 1.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction NOs. Recently, Papagni et d3], Ullerstam et al[4] and
D’Anna et al.[5] have studied the kinetic of Nfwith series
Aldehydes are emitted in the atmosphere as primary pol- of C3 to C6 aldehydes. They reported systematic deviations
lutants from the combustion of fossil fuels and are products from the correlation between abstraction reactions with OH
of most of the atmospheric oxidation processes of volatile and with NG proposed by Wayne et dlL]. Additionally,
organic compounds. During the daytime, the major sinks of Cabanas et al6] studied the temperature dependence for
aldehydes are the photolysis and the reaction with OH radi- the gas-phase reactions of Bl@ series of aliphatic alde-
cal. Aldehydes are continuously produced and at night, they hydes from C2 to C7. These authors suggested that the

react with the nitrate radical. NOgs-initiated oxidation of aldehydes proceed via an adduct
NOs3 is generated by the ozone oxidation of NQe- formation followed by C-H4 bond cleavage.

action 1). Nitrate radicals can be temporarily stored as The kinetic of the NQ@ reaction with acetaldehyde and

dinitrogen pentoxide via the equilibrium (reactions-2). formaldehyde have been presented in several pépet2].

NO, + O3 — NO3 + O @ HCHO+ NOg — HNO3 4+ HCO (3)

NOz +NO3 +M = N2Os + M (2=2)  CH;CHO+ NO3 — HNO3 + CH3CO (4)

The NGs-induced oxidation of aldehydes must be consid- ) . ]
ered as a minor loss process in the atmosphere. HoweverMost of these studies were “relative rate” experiments and
the need of further work on the Nldehyde systems have SOme disagreements remain, especially, when the rate con-

been pointed ouil] in order to get a better understanding Stant was determined relatively to the equilibrium constant
of this chemistry. K2, 2. Recent values published fiy and correction of older

It is now obvious that nitrate radical reacts preferentially Measurements from new reference values lead to an overall
with aliphatic aldehydes through an overall aldehydic hy- disagreement of 30%. This disagreement may be due to the
drogen abstraction. D'Anna and Nielsgi have investi- K22 value used7,9,13]or the rate constant for the ref-

gated the kinetics of the oxidation of larger aldehydes by €rence VOC involved12]. Furthermore, one may observe
significantly higher values when low pressure absolute ex-

* Corresponding author. periments have been performggj11,12]

1010-6030/03/$ — see front matter © 2003 Elsevier Science B.V. All rights reserved.
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The nighttime oxidation of acetaldehyde under conditions
that lead to high N@level, leads to the production of per-
oxyacetyl nitrate (PAN]8] through the reaction of C4CO
radicals with oxygen followed by subsequent Nadition.
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In parallel with the UV-visible, Fourier transform infrared
(FTIR) spectrometry was used. A stabilized multiple reflec-
tion cell [18] derived from the White type arrangement was
set up to offer a total path length of 96 m. This mirror ar-

Peroxyacyls nitrate are products of great atmospheric rangement was coupled to a BomefnDA-8 spectrometer.
concern because of their phytotoxic propertj#4], their Spectra were obtained by co-adding 30—60 scans recorded
biological activities and the role they play in atmospheric at 0.7 cnt! apodized resolution. The scanning mirror speed
chemistry as reservoir for nitrogen oxides. Similarly to was adjusted to allow us to record spectra every 30s.
nitrate radicals, peroxyacyl radicals are involved in an
equilibrium with NG, leading respectively to PANs and to 5 2 chemicals
N2Os (reaction 5;:-5 for PAN)

NO; + CH3C(0)O2 + M = CH3C(O)O2NO2 + M (5,-5) Experiments were performed in synthetic air (78% N

) , .. >99.95%, Air Liquide+ 22% O >99.95%, Air Liquide)
To date, only one research group has investigated the nlght—at 298+ 2K and 1013+ 10 mbar. Acetaldehyde (99.5%,

time chemlst_ry of PANT15]. They have shown that one of Aldrich) purity was checked by GC-FID and by FTIR spec-
the key reac'qon was the redu<_:t|0n of the peroxyacetyl (PA) troscopy. Nitrate radical was generated from the thermal dis-
to acetyl radicals by N@(reaction 6). sociation of NOs. Dinitrogen pentoxide was prepared in a
NOj3 + CH3C(0)O, — CH3C(0)O + NO> + 02 special slow flow reactor directly connected to the cham-
ber by mixing during few seconds a known quantity of NO
L - ) (>99.9%, Air Liquide) and a%. O3/O2 mixture in an appro-

(4 + 1) x 10-*2cme molecule™ s™. This value was ob- priate flow rate. Ozone was produced from oxygep, (P45

tained from experiments conducted in a flow reactor con- ;. Liquide) in a silent discharge generator (OZ 1000-L,
nected to a fluorescence cell. The temperatures, pressureg . \tmann Umwelttechnik)

and concentration ranges were very different from the at-

mospheric conditions. Canosa-Mas et[&4b] have shown, ) )

by computer simulations and calculations from field stud- 2-3- SPectrometric analysis

ies results, that one of the atmospheric implications of this

reaction could be a significant production of OH radicals Nitrate radical concentrations were monitored by absolute

at night. Recently, D’Anna et a[12] had to reduced the monochannel visible spectrometry using its absorption at

ks value by more than an order of magnitude to reproduce 662nm F€ig. 1). A synthetic reference spectrum was built

by computer simulation their experimental results. This in the 662 nm region from the high resolution experimental

disagreement between the two only work involving the points from Sanddl 9], the band shape from Marinelli et al.

determination okg, led us to investigate this reaction. [20] and the absorption cross-section proposed by Wayne
The present paper report simulation chamber investiga- €t al-[1].

tions of the complete scheme of the atmospheric degrada- Light intensity transmitted through the chamber at 662 nm

tion of acetaldehyde at room temperature and atmosphericVas continuously measured. The reference level was extrap-

pressure. Kinetics and mechanistic information about reac-0lated from the period before the;85/02/O3 mixture in-

tions 3, 4 and 6 are derived from the computer simulation Jection. _
of obtained experimental data. Time dependant concentrations of §EHO, HCHO,

PAN, N>Os, HNO3, O3, CO and CGQ were monitored
from their infrared spectral absorption. Infrared spectra of

(6)

The reported16] rate constant for reaction (6) wag =

2. Experimental
2.1. Simulation chamber

The experimental device used in the present study has
been previously presented in defdi¥] and only a brief de-
scription need to be given here. Experiments were performed
in a large PyreR reactor (6 m length, 0.45m diameter and
9771 volume). A multiple reflection White type mirror sys-
tem was included in the chamber to give a total path length
of 72 m in the UV-visible range. The UV-visible spectrome-
ter was made of a 450 W XBO source and of Czerny-turner g,
Jobin-Yvorf™ monochromator connected to a photomulti-
plicator. The slit width was adjusted to give a resolution
equal to 0.5nm.
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Fig. 1. Nitrate radical spectrum in the visible region (this work).
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Table 1 3. Results

Integrated band intensities from the reference spectra used in this study

Compounds ~ Wavenumbers IBI, base e Reference During the experiments, nine compounds (e.g. CO2CO
(em™?) (cmmolecule™) HCHO, PAN, CHCHO, HNG;3, N2Os, NOz and Q) were

N2Os 1205-1275 (4.0 0.1) x 1077 [34,35] detected and monitored.

HNOs 840-930 (2.2 0.2) x 10°Y7 [36]

Os 2015-2140 (1.3% 0.07) x 15518 7] 3.1. Temporal behaviors of reactants and products

CH3CHO 1679-1828 (2.6£ 0.2) x 10~ This work

HCHO 3000-2630 (3.6: 0.1) x 1077 [38]

PAN 1100-1190 (1.96 0.04) x 10717 [39] 3.1.1. Nitrate radical

CO, 2280-2400 (9.57 0.04) x 107" [37] Fig. 2shows the concentration-time profiles of monitored

co 2030-2250 (9.6% 0.04) x 107%%  [37] compounds during N@induced oxidation of acetaldehyde.

Errors given are random and expressed as 95% confidence limits or Without VOC, the behavior of Nin the chamber is mainly

otherwise stated in the cited article. driven by the NOs heterogeneous reaction

N->Os + adsorbed water on walk> HNO3 (7
aldehydes were calibrated by introducing small quantities ) _ o
of HCHO and CHCHO into the chamber and sampling in One can observe that Fhe apparent nitrate radical Ilfet|me is
DNPH solution for HPLC analysis. Other calibration were considerably reduced in presence of acetaldehyde. This can

taken from literature. Integrated band intensities (IBI) of P€€asily explained by the reactions with acetaldehyde andiits
the main absorption bands of these compounds are given inOXIdatIOI’l intermediates (reactions 3, 4, 6 or 13), Whlch lead
Table 1 to stable products such as HyO' hese processes constitute
additional sinks for N@ and, hence, induce a reduction of
the NpOs lifetime.
2.4. Experimental procedure Reactions between nitrate radicals and peroxy radicals
such as reaction 6 must also be taken into account as a sink
The nighttime chemistry of acetaldehyde and PAN was for NO3 leading to NQ_ It can be shown from the ozone
studied by performing five different experiments in the simu- and NG profiles and from the rate constants for reactions
lation chamber. The initial concentrations used during these 1 and 2 that the major fate of NOn the reactant mixture
experiments are summarisedTiable 2 is reaction 2 as long as NCconcentration is higher than
Each experiment was divided within two periods: first, 6 x 101 molecule cn3. Hence, the production of NGan
nitrate radical was generated in synthetic air (“blank be considered as a partial sink of Bl@s most of NOs is
experiment”), then when the NToncentration were close  converted into nitric acid by reaction 7.
to zero a second injection of the nitrate generation mixture  After a fast decrease, the N@oncentration seems to ex-
were performed in presence of the studied VOC. hibit oscillations. This phenomenon is close to our detection
This procedure allowed us to determine the parameters|imit and could be the sign of residual quantities of NO
that depend on experimental conditions such as the extentNitrate radical concentration would then be maintained to a
of the NbOs heterogeneous reaction or the N@hotolysis non-zero value by the NQOregeneration from the slow de-
induced by the UV-visible analysis light beam. composition of PAN (reaction-5).
Furthermore, the design used to produceORNOs3
led us to work with relatively high ozone concentration 3.1.2. Acetaldehyde
(10-100 ppm). This characteristic of our experiments was The main pattern in the concentration-time behaviour of
chosen on purpose to allow us to evaluate the OH/HO acetaldehyde is a consumption divided into two phases. At
concentrations arising from the VOC chemistry (see below). the N,Os/O,/O3 mixture injection, one can observe a very
Experiments were numerically simulated using Facsifhile fast decrease of the GBHO concentration due to reaction
software packagf1]. 4. Then, when the concentration of W@ very low, the

Table 2
Initial condition used for the room temperature experiments: (1) at the beginning of the acetaldehyde oxidation; (2) during blank experim#rasti.e. w
acetaldehyde; (3) when acetaldehyde present

Experiment [CHCHO]o, ppm [Gs]o (1), ppm [NG]max (2) ppb [NG]max (3) ppb Remark

CH3CHO#1 7.2 120 320 100

CH3CHO#2 7.2 16 190 44

CH3CHO#3 6.1 101 192 39 Three NQadical generation experiment
CH3CHO#4 6.2 86 134 42 Three NQadical generation experiment

CH3CHO#5 7.2 93 169 37 Three NQadical generation experiment
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Fig. 2. Temporal profile of measured compounds during an experiment gfihlDced oxidation of acetaldehyde (dots are experimental data, lines are
simulated concentrations).

acetaldehyde decrease remains fairly fast. Such a decreasings profile shows a fast increase in the first period of the re-
rate cannot be explained solely by residualdNThis seems  action with an apparent formation yield close to 70%. This

to indicate that an OH radical dark production must be taken can be easily explained by the fact that this period is charac-
into account. A hypothetical oxidation scheme, which shows terized by the highest acetaldehyde andsMOncentrations

an OH production pathway, is givenlfig. 3. The change in ~ and consequently the highest peroxyacetyl radicals ang NO

the slope of the acetaldehyde profile defines the change fromlevels.

the “NOgz driven chemistry” to the “OH driven chemistry”. At the limit between the “N@ driven chemistry” and the
“OH driven chemistry” periods, PAN concentrations reach
3.1.3. Organic products their maximum. Then, the peroxyacetyl consumption reac-
In the studied system, PAN is formed by the following tions (6, 9, 10) shift the PAN equilibrium (55) leading to
reaction sequence: a slow decrease of PAN.
CH3CHO + NO3 — HNO3 + CH3CO (4) NO3 + CH3C(0)O> — CH3C(O)O + NO2 + O2 (6)
CH3CO+ 02 + M — CH3C(O)O2 + M (8) 2CH3C(0)O, — 2CH3C(0)O + Oz 9)

NO; 4+ CH3C(0)O; + M — CH3C(O)O;NO, + M (5) CH3C(0)O + Op — CHg + CO, + O (10)



J.F. Doussin et al./Journal of Photochemistry and Photobiology A: Chemistry 157 (2003) 283-293

(o}
il
C/C\H

X

I
HiC”
0,

Hyf
pessessscssesssnssneeses » OH
Hzo

NO,
HNO,

o (PAN)

i o
/C\ /O

()
NO; ——» NO, + 0,
RO, ——» RO + 0,

NO, g o
c —_— _
Ha! HsC™ N O/ ~N NO,

i x2
"CHy + CO,
CHy0,
NO3 —— NO; + O,
: RO, —— RO+ 0,
5 X2
CHyO"
a (e
: HO, ----- 1
: o
E H02 * H/C\H E
| NO;+Oyet—NO; OH~|-NO; i
i RO+0;«—RO; podlepno, !
H X2 . E
:, ___________ 'OH HCO E
A Joo
NO3z I NO, CO+H02-----:
O3 —r—» O, E
/ OH o,
HO, L
A CO,+H :

Fig. 3. Scheme of N@induced oxidation of acetaldehyde under present
experimental conditions.

Peroxyacetyl decomposition leads to the formation of methyl
radicals that react further to give formaldehyde (11-14).

CHz+ Oz + M — CHz0z + M (11)
2CH;0, + M — 2CH;0 + M (12)
CH30; + NO3 — CH30 + NO; + O, (13)
CH3O + O — HCHO + HO, (14)
HO, + NO3 — OH + NO; + O, (15)

Furthermore, this sequence constitutes the principal homo-
geneous pathway to form HGOn the chamber. This could
explain why sufficient OH concentrations remain during the
“OH driven chemistry” period to induce the observed ac-
etaldehyde consumption.

Formaldehyde is detected as soon as acetaldehyde is in
jected. Its formation in the very beginning of the second

287
03 20,
HO, OH
RO + 02 COV, OH, HNO3
HCHO + OH Products
02 03

Fig. 4. Ozone consumption cycle.

phase of the experiments can be explained by a slow con-
sumption of acetaldehyde by residual nitrate radicals. Then,
at the NOs/O,/O3 mixture injection the production rate of
formaldehyde increases. Reaction 12 followed by reaction
14 is the main production pathway. It should be noted that
HCHO is consumed all along the experiments by reaction
3. This reaction followed by reaction 16 constitute an addi-
tional OH production pathway.

HCO+ O + M — HO; + CO+ M (16)

Relatively high quantities of ozone are injected with the ni-
trate radicals precursors mixture. These concentrations re-
main fairly stable during the blank experiments but when
acetaldehyde is present a slow decrease of ozone is no-
ticed. This behavior can be interpreted as the effect of the
inter-conversion cycle between H@nd OH Fig. 4)

3.2. Multiple nitrate radical generations experiments

In order to enhance the effect of nitrate radical on sec-
ondary product concentrations, a thirg®§/O2/O3 mix-
ture was performed during three of the five experiments
described here (semble 2.

During the experiment shown iRig. 5, the third NQ
radicals in situ generation was performed when PANs con-
centrations were high and aldehydes concentrations were
low. In the NbOs/O,/O3 mixture used the NQcontent was
adjusted to generate more WO

At the third NG; production, HCHO concentrations de-
crease rapidly, leading to the production of CO. The most
important feature shown during these experiments is the fact
that PAN concentrations decrease is visibly enhanced by the
increase of the N@concentrations. This observation con-
stitutes the first direct evidence at atmospheric pressure and
in the ppm range of the reaction between N&hd PA rad-
icals. From the rate constant of the reaction between PAN
and OH? it is possible to assume that the reaction between
PAN and NQ is very slow. The additional PAN loss is then
explained by the following sequence:

CH3C(0)ONO, + M = NO, + CH3zC(0)O, + M (=5,5)

NO3 + CH3C(0)O, — CH3C(0O)O 4+ NO2 + O2 (6)
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Fig. 5. Temporal profile of measured compounds during a three-stages experimens afdi@ed oxidation of acetaldehyde (dots are experimental data,
lines are simulated concentrations).

4. Discussion “NO3 driven chemistry periods” but they show strong diver-
gence when N@ concentration become low. One can see
4.1. Computer simulation data analysis that acetaldehyde consumption and the product build up are

calculated too slow during that phase. These observations
The concentration-time profile obtained from both FTIR seem to indicate that too few dark OH are produced. On the
and UV-visible spectrometry were analyzed using the AEA other hand, it can be seen that the slow o0zone consumption
computer program facsimif@1]. An explicit model includ- is underestimated.
ing 63 reactions has been used and appropriate rates constant The average OH level has been evaluated from a simple
were selected from recent compiled tableble 3shows first-order analysis of the acetaldehyde decrease at loww NO
the reactions that describe the homogeneous gas-phase paltvel. This approach led us to an OH concentration of 3
of the proposed mechanism. The experimental conditions 10 radical cnt2.
dependent rates and the poorly known rate constants were Many additional hypothetical processes have been con-
adjusted in order to fit experimental curves. The related re- sidered in order to explain this unexpected behavior. Among
actions are indicated in bold drable 3 these hypotheses, we have investigated the effect of slow
From Fig. 6, it can be seen that simulated results and reactions between peroxy radicals and ozone and between
experimental data are in reasonable agreement during theperoxyacyl radicals and ozone. This modified chemical
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Table 3
Number Rate constant Reaction Reference
1 1.9 x 100 cm® molecule st NO + O3 — NO; + O, [40]
3.5 x 10 cm® molecule st NO, + O3 — NO3z + Oy [41]
2 1.3 x 10722cm® moleculels?! NO; 4+ NOz (+M) — NOs (+M) [41]
2.6 x 10" cmP molecule! st NOs + NO — 2NG;, [41]
5.1 x 10~ % cm® moleculets~1 NO2 + NOz — NO + O, + NO, [30]
2.3 x 10 % cm3 moleculel st NO3 + NO3 — 2NO; + O, [30]
-2 45x 10251 N20s5 (+M) — NO, + NOs (+M) [30]
1x10°%-5x 104s? NOz — NO + O3 [30]
4x10% - 7x103%s? N20s (+H20) — 2HNO3 [30]
4+7 2.7 x 10 moleculecm3s1t CH3CHO + NO3 — CH3CO3 + HNO3 [41]
5 8.7 x 107 2molecule tcm 3571 CH3CO3 + NOz + (M) — PAN + (M) [41]
-5 3.16x 104s?t PAN + (M) — CH3CO3 + NOy + (M) [41]
2.0 x 100" moleculetcm3s1 CH3CO3 + NO — CH30; + NOy + CO, [30]
6 + 10 4.0x 10 2moleculelcm3st CH3CO3 4+ NO3 — CH302 + NO, + O, + CO» [16]
9+ 10 1.5x 10 1 moleculetcm3s1 CH3CO3 + CH3CO3 — CH30; + CH30; + CO, + COp + O3 [41]
1.1 x 10 ™' moleculetcm—3s71 CH3CO3 + CH30, — CH30 + CH30, + CO, + Oy [41]
1.8 x 102 moleculelcm3s1 CH3CO;3 + CH30, — HCHO + CH3C(O)OH + O, [41]
1.0 x 10 molecule*cm—3s1 CH3CO3 + HO, — CH3C(O)OOH + O, [41]
3.6 x 1002 moleculelcm3s1 CH3CO;3 + HO, — CH3C(O)OH + O3 [41]
5.7 x 100 molecule cm3s! CH3CO;3 4+ CH3CHO — CH3C(O)OOH + CH3CO3 [42]
7.5 x 1002 moleculelcm3s1 CH30, + NO — CH30 + NO, [41]
4.2 x 1022 moleculetcm=3s71 CH30; + NOy; — CH30;NO; [41)]
241 st CH30,NO; — CH302 + NO» [41]
13 1.2 x 10 moleculecm—3st CH30; + NO3z — CH30 + NO; + O, [41]
5.2 x 102 moleculelcm3s1 CH30, + HO; — CH300H + O, [41]
5.5 x 102 moleculetcm3s1 OH + CH300H — CH30; + H,0 [30]
3.7 x 100 ¥ moleculelcm3s1 CH30; + CH30, — 0.48CHO + O, + 0.76CHOH + 0.76HCHO [30]
12 3.7 x 100" moleculelcm3s1 CH30; + CH30, — CH300CH; + O [30]
14 1.9 x 10 ¥ moleculetcm3s1 CH30 + O, — HCHO + HO, [41]
2.0 x 10" moleculetcm3s1 CH30 + NO,; — CH3ONO; [41]
3.7 x 1008 moleculetcm3s1 CHz0 + NO; — HCHO + HONO [30]
1.0 x 10 P moleculecm—3s1 CH30 + HCHO — CHzOH + HO; + CO [42]
2.0 x 1002 moleculelcm3s1 CH30 + CH3CHO — CHzOH + CH3CO;3 [42]
3+16 5.8 x 10 ¥ moleculelcm3s1 HCHO + NO3z — HNO3 + HO, + CO [41]
2.4 x 107 ®moleculelcm3s1 CH30H + NO3 — 0.5CH;0 + HNOs + 0.5CHOH [30]
9.4 x 1002 molecule cm3s! CH,0H + O — HCHO + HO, [30]
1.1 x 10 ¥ moleculetcm3s1 PAN + OH — HCHO + H,0 + NO, + CO;, [30]
1.6 x 10 moleculelcm3s1 CH3CHO + OH — CH3CO3 + H,0 [30]
1.0 x 10 moleculetcm3s1 HCHO + OH — H,0 + HO, + CO [41]
9.3 x 103 moleculelcm3st CH30H + OH — 0.15CHO + H»0 + 0.85CHOH [30]
3.5 x 102 moleculelcm3s1 CH30ONO; + OH — CH30 + HNO; [30]
2.1 x 10 ¥ moleculetcm—3s1 CO + OH — HO, + CO, [30]
7.9 x 100 moleculelcm3s1 HO, + HCHO — HOCH,00 [41]
150s! HOCH,00 — HO, + HCHO [41]
1.2 x 102 moleculetcm3s1 HO, + HOCH,00 — 0.5HCOOH+ 0.5HOCHO,H + O, + 0.5H,0 [30]
1.0 x 10 B moleculetcm—3s1 HO, + CH3CHO — HOG,H400 [30]
100s*t HOC,H400 — HO, + CH3CHO [30]
1.0 x 10 moleculetcm—3s1 HO; 4+ HOCG,H400 — 0.5CHCOOH + 0.5HOGH4O2H + O; + 0.5H,0 [30]
1.0 x 10357t HOCH,O;H — H,0 + HC(O)OH [42]
1.0 x 103571 HOC;H,0;H — H,0 + CH3C(O)OH [42]
2.0 x 10" moleculetcm3s1 OH + NO3 — HO; + NO, [41]
7.8 x 10 ¥ moleculelcm3s1 OH + O3 — HO; + Oy [40]
1.1 x 10 P¥moleculetcm3s1 OH + HO; — Hy0 + O, [40]
1.5 x 103 moleculetcm3s1 OH + HNO3 — H»0 + NO3 [30]
1.0 x 10 ™' moleculecm3s1 OH + NO; — HNO3 [41]
1.9 x 102 moleculelcm3s1 OH + OH (+03) — H20 + O3 [41]
6.3 x 102 moleculetcm3s1 OH + OH — H,0, [30]
8.4 x 1072 moleculelcm3s1 OH + NO — HONO [30]

6.5 x 10 2moleculelcm—3s1

OH + HONO — H20 + NO2

(41]
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Table 3 Continued

Number Rate constant Reaction Reference
1.39 x 1022 moleculelcm3s? HO, + NO; — HO,NO, [41]
5.0 x 10 ®moleculetcm3s1 HO, + NO, — HONO + O, [41]
2.0 x 10 ®moleculetcm—3s1 HO, + O3 — OH + O3 + 0> [40]
2.9 x 102 moleculetcm3s1t HO, + HOy — HyO, + Oy [41]
8.5 x 1072 molecule!cm3s1 HO, + NO — OH + NO, + O [41]

15 2.0x 10 2 moleculelcm3s71 HO, + NO3 — OH + NO, + O, [41]
2.0 x 102 moleculetcm3s1 HO, + NO3 — HNO3 + Oy [41]
0.09s1 HO,NO, — HO» + NO» [30]
2.5 x 10 2moleculelcm3s1 HONO» + OH — H0 + O, + NO, [41]
2.5 x 102 moleculetcm3s1 HO,NO; + OH — H0, + NO3 [30]
1.7 x 10 2moleculelcm3s1 H205 + OH — Hy0 + HO, [41]
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8 1 706413 §
8 | CH3CHO - a
E 2.0e+14 0310 HCHO| 6.0e+13 3
2 £
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8 10041 PAN ®
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Fig. 6. Comparison between the temporal profile of measured concentrations (thin line) and simulated concentrations (bold line) using therimedel desc
in Table 3

mechanism led us to a poor agreement between simulatedreak of the weak peroxidic bond would follow this adsorp-
and experimental concentrations and the adjusted valuedion leaving an oxygen atom adsorbed on the solid surface.
for the rate constants of these additional reactions were oneUnder the Langer’s experimental conditions, oxygen atoms
order of magnitude higher than the upper limit reported by are assumed to react with anothetFOto form molecular
Lightfoot et al.[22]. oxygen. Such a recombination would then regenerate two
Since the early study of the PAN chemistry it has been electron rich sites allowing the process to go on.
shown that the heterogeneous reactivity of peroxyacetyl In the present work, we have to take account that large
radical is one of the main difficulties of these studies. quantities of nitric acid are adsorbed on the walls. This
Hence, many authof23—-25]had to take into account these assumption is strongly supported by the fact that there is
phenomena to interpret their results. This fact has led somea deficit in the nitrogen balance correlated with the total
authors to specifically study the heterogeneous reactivity of injected NQ quantities (see irFFig. 5 the difference be-
the stable and radical species relevant from PAN chemistry tween simulated and measured H{OIt should be no-
[26,27] Moreover, it has been sho8] that the heteroge-  ticed here that 5 x 10?° molecules of NO (corresponding
neous reactivity of PA radicals could significantly enhance to 6.22 cn? of gaseous NO) are introduced in the chamber
the gas-phase oxidation of acetaldehyde at higher temperawhile one HNGQ monolayer in such a reactor is close to
ture. Consequently, the chemical system of reactions listed10°° molecules. One must then consider that adsorb&d O
in Table 3have been completed to take into account these
works.
From their experiments in a variable surface-to-volume CH;CO; [CH,C(O)OF — CH; + CO, Gas phase
ratio flow reactor, Langer et §R6] proposed the mechanism g T
Hlustrated byFig. 7. _ _ CH,CO, —> CH,C(0)O + O%(P) Wall
This hypothesis assumes that PA radicals can find nucleo-
phylic sites to react after adsorption on the wall surface. The Fig. 7.
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could react with adsorbed nitric acid: Table 5
CH3CHO + NOs: comparison between our results and literature data (all
P ' -1
Ogdsorbed+ HNO3 agsorbed— OHadsorbed- NO3 adsorbed rate constant units are molecolecm®s1)
(17) (4) CH3CHO + NO3 — HNO3; + CH3CO
) ) (21+£0.7)x 1015  See text This work
In the gas phase the following lump reactions have been 12+ 03)x 1015 2.8+ 0.7) x 10015 Morris and Niki [13]
added to the system listed Trable 3 relative rate corrected
with new NbOs
CH3COs(+ wall + HNO equilibrium valug/40]
( 3adsorbed (1.34+ 0.28) x 1015 (2.1+ 0.5)x 10-15  Atkinson et al.[9]
— aCH3C(0)O + BOH + yNO3 (18) relative rate corrected
. ) o with new NbOg
The stoechiometric coefficienta (8 andy) have been ad- equilibrium value40]
justed during the fitting process. It should be noticed that (2.1 + 0.4) x 107*° . Fitted value Cantrell et alg]
B andy can be different because of the following possible (2:74% 0.07)x 107 Flow reactor (1.2Torr) Dlugokenski and
reaction: Howard [11]

(2.6 + 0.3) x 1071° Relative rate (refer ~ D’Anna et al.[12]
but-1-ene) see
OHadsorbedt HNO3 adsorbed—> H20adsorbedt NO3 adsorbed Section 4.2.3
(19) (2.5+ 0.5) x 10°1° Fast flow discharge D’Anna et g12]
(32+0.7)x 10715 Fast flow discharge Cabanas et [&]
Such a mechanism allowed us to perform simulations lead-
ing to a fairly good agreement with experimental data (see
Figs. 4 and b

Reference). During this procedure, the uncertainties on the
measurement of the concentrations of the fitted compounds
4.2. Kinetic study and comparison with previous work are taken into account by the software.
The overall given errors are determined from the distribu-
4.2.1. Uncertainties, sensitivity of the fit and agreement  tion of all the values from each experiment taken with their
Fitted values of the rate constants of the studied reactionsuncertainties assuming a Gaussian distribution.

are given inTables 4—&ogether with the uncertainties. For The accuracy of the fits has been found to be sensitive
each experimental results, the error take into account the esto the rate constant reported here. This has been verified
timated uncertainties in concentrations determinations, i.e.through the FACSIMILF fitting procedure which include
errors in reactant and product IR absorption band calibra- a routine to determine whether the data determine the pa-
tion (seeTable 1) and in optical path length determination rameter values or not. In short, this procedure varies all the
which has been achieved geometrically and verified with fitted parameter values by a small amount after finding the
N2O IR absorption. It must be noted that this last uncer- minimum “sum of square of residuals”. From changes in
tainty is negligibly small in comparison with the previous the residuals due to these variations, the software calculate
one. The error takes also into account the uncertainties ina matrix giving the dependence of the residuals on the pa-
the numerical simulation estimated by FACSIMIRBy the rameters values. A test on the singular values of this matrix,
following procedure: after having calculated the best value excludes the ill-determined parameters from the fit. These
of each constant for the fit, the solver makes some further matrix calculations are also helpful to determined the linked
iterations by slightly modifying each fitted constant in or- parameters (see FACSIMII®Ev3.0 Technical Reference).
der to estimate the sensitivity of the fit to each of them.  Additionally, the quality of the fit is necessary very sensi-
Using this information, it calculates final uncertainties for a tive to the rate constant for the reactions between acetalde-
confidence range of 95% (see FACSIMILE v3.0 Technical hyde and N@ and between formaldehyde and j&s these

three compounds are monitored together. For the reaction
Table 4 between peroxyacetyl radicals and j@he experimental

HCHO + NO3: comparison between our results and literature data (all
rate constant units are molecofecm® s—1)

Table 6
(8) HCHO + NOg — HNOg + HCO NOs + CH3C(0O)O,: comparison between our results and literature data
(5.2+ 0.9) x 10716 See text This work (all rate constant units are molecofecm?® s~1)

(3.23+0.26)x 10716 (5.0+ 0.4) x 10716 Atkinson et al.[9]

N H H N
R (6) NO3 + CHzC(0)O; — CHzC(0)O + NO; + O,

corrected with new (32+1.4)x 1012  See text This work
N2Os equilibrium 20 x 10712 Slow flow reactor, Biggs et al.[15]
[40] preliminary study

6.3+ 1.1) x 10716 Fitted value Cantrell et a[7] 0.15 x 10712 Fitted value D’Anna et al[12]

(5.4+1.1)x 10716 Fitted value Hjorth et al[10] 4+ 1) x 1012 Flow reactor Canosa-Mas et 4§16]
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procedure has been adapted to increase the sensitivity of thet.2.5. Heterogeneous processes parameters

fit (seeSection 3.2 The apparent rate constants of the hypothetical heteroge-

neous processes are highly variable from one experience to

4.2.2. NQ-initiated oxidation of formaldehyde another. It can be explained by the fact that these phenomena
The value of the rate constant of HCHONO;3 is in are probably highly dependent from the wall conditioning.

fairly good agreement with previous studies except for
the work by Cantrell et al[7] who obtained results 20% 0.1 st <kg<3st
higher. It must be pointed out that the last IUPAC recom- 09 <« <1
mendationf29] is (5.8+ 1.7) x 10 ®molecule 1 cm?s1 0<p <02

and seems to be slightly overestimated in comparison with )

most of the previous results taken together with this work -8 <7 <11

(Table 4. It must be noticed that Langer et §26] have proposed the

following formula to determine a value fdq7 in a Pyrex
reactor:k17 < 7.3 x surface/volume. Th&YV ratio for the
chamber used in the present work is 0.09¢mAccording

to Langer et al., an upper limit equal to 0.65ds obtained.
The fittedk; g values ranged from 0.1 to 35 with a median
value around 0.6%". One can observe that these results are
in the same order of magnitude as those predicted by the
Langer’s formula. The difference between the predicted and
the fitted values can be interpreted as a result of change
in the wall conditioning and by the fact that some of the
surfaces are not Pyrex but gold (IR mirrors), stainless steel
(mechanical parts) or aluminium alloy (UV-visible mirrors,
simulation chamber ending flanges).

4.2.3. NQ@-initiated oxidation of acetaldehyde

Our results are in fair agreement with the data reported
by Atkinson et al.[9] and Cantrell et al[8] but seems
to be slightly lower than the earlier results by Morris and
Niki [13]. The disagreement is more obvious with the
low-pressure value from Dlugokenski and Howdfdl],
which is the only work taken into account by the IUPAC
panel to make the recommendation. In spite of the publi-
cation of three valuef5,12] close to the Duglokenski and
Howard[11] rate constant, it is still very difficult to conclude
about a recommendation. Indeed, the value published by
D’Anna et al.[12] ((2.6+0.3) x 10 molecule L cm?s~1)
was calculated withkpyt-1-enetNo; = (1.35 & 0.10) x
10~ “moleculetcm®s~! as reference following the IU-
PAC recommendatiorf30] but this last value need to .
be re-evaluated since some recent absolute determina® Conclusion
tions [31-33] led to a value aroundpyt-1-enerNO; =

1.06 x 10-“molecule cm?s~L. using this value as ref- The experiments described here constitute one of the first
erence, most of determined values fafi,cHosno, are experimental evidence of the nitrate radical initiated dark
around 21 x 10~ molecule X cm®s~2 (Table 9. production of hydroxyl radicals. It is obvious that the key

Furthermore, some of the previous values are relative to 9aS-phase reaction for this phenomenon is the reduction of
the equilibrium constari, _, value which is still affected ~ Peroxyacetyl radical by N Its constant rate has been cal-
by large uncertainties. culated. The result confirms the importance of this reac-

Al of the works leading to higher values have been per- tion for atmospheric processes, which have been previously
formed at low pressure. Nevertheless, there is no obviousShown only one timg16]. Moreover, it should be pointed
reasons to suspect a pressure effect, even if one takes int@Ut that both reactants involved in this reaction (i.e J@d
account the assumption of an adduct formation made by PA radicals) are in equilibrium with their reservoir species
D'Anna and Nielseri2] from higher aldehydes results. Fur- ~ (I-. N2Os and PAN) through their reaction with NOFur-
ther work is needed to clarify this 30% discrepancy between thermore, they are both destroyed by reaction with NO. This

these two groups of values. indicate that they could be produced under the same condi-
tions (NO/NGQ ratio, temperature. .), stocked under their
4.2.4. Reaction between N@nd peroxyacetyl radical reservoir forms in the same air mass and transported away

To our knowledge only one group has specifically in- from their sources. Under lower N@evel or higher temper-
vestigated16] this reaction. Recently, a twenty time lower ature their equilibria lead back to N@nd PA radicals and
estimation of this rate constant has been publisHe]. through the process discussed here could induced nighttime
Our work is the first that is performed at atmospheric pres- OH production at the regional scale.
sure. Our results are in good agreement with the work of
Canosa-Mas et gl16]. As their experiments were conducted
at low pressure and between 404 and 443K, it is likely that Acknowledgements
there is neither important pressure effect nor temperature
effect on the value of this rate constant. Finally, our study  This work has been achieved within the Eurotrac-2
confirms the importance of this reaction under atmospheric project, sub-project CMD (Chemical Mechanism Develop-
conditions Table 9. ment). The authors wish to thank the editors for helpful
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