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A pulse-radiolysis system was used to measure absolute rate constants for the reactiog®(0)GHadicals
with NO and NQ at 295 K and 1000 mbar total pressure o§.SKVhen the rate of formation and decay of
NO, using its absorption at 400.5 and 452 nm were monitored, the rate congi@htsC(0)0O, + NO) =
(2.0£ 0.3) x 10 * andk(CH3C(O)O, + NO,) = (1.0+£ 0.2) x 107 cm® molecule st were determined.
Long path-length Fourier transform infrared spectrometers were used to study the rate-consti(@igGe
(0)O; + NO)K(CH3C(O)O, + NO,) in 6—700 Torr total pressure of Ndiluent at 243-295 K. At 295 K

in 700 Torr of N diluentk(CHs;C(O)G; + NO)kK(CHsC(0O)O, + NO,) = 2.07+ 0.21. The results are discussed
in the context of the atmospheric chemistry of acetylperoxy radicals.

1. Introduction 02),11.4x 10011 (RO, = CH30,, 298 K)1 1.0 x 10711 (R'O,

= CH30,, 298 K)# and 1.0x 10711 cm?® molecule st (R'O,

i~ CaHs0,, 298 K)# ks was studied by Bridier et at.Addison

et al.% and Basco and ParmarThe rate constants reported by

Addison et al. and Basco and Parmar are a factor- Bbwer

than reported by Bridier et al. As discussed elsewhere, the study

CH,C(0)0, + HO, — products 1) of Bridier et al® was more comprehensive than those of Addison
et al® and Basco and Parmégand the data by Bridier et al. are

CH,C(0)O, + NO — CH,C(0)0+ NO @) considered more reliable. Bridier et’aleportks = 9.6 x 10712
$ $ 2 cm® molecule® s71 at 298 K and 760 Torr total pressure of

- Na.

CH,C(O)O, + NO, + M = CH,C(O)ONO, + M (3,—3 2
CO)0; 2 COIONO, ( ) Recently, two absolute studies lofhave been reported.11
CH,C(0)0, + RO, — products (4) At room temperature ViIIa_llta and Howdfdneasured, = (2.0
+ 0.3) x 10" while Maricq and Szent@reportk, = (1.4 +

Reaction 3 forms CKC(O)ONO, (peroxyacetyl nitrate or 0.2) x '1011 (.:rn3 moleculels™t. The opjective of the present
PAN), which has sufficient stability toward thermal decomposi- Study is to improve our understanding of the reactions of
tion in the free troposphere to be transported over long distancesCHC(0)O; with NO and NQ. We have measured absolute
from urban high-NQ areas to remote low-NQareas. The values ofk, andks using pulse radiolysis coupled with time-
efficiency of such long-range transport is determined by the resolved UV absorption spectroscopy employing two different

Acetyl peroxy radicals, CEC(O)O,, are formed during the
atmospheric degradation of oxygenated organic compounds suc
as acetaldehyde, acetone, and methylglyoxal and react with HO
NO, NO;, or other peroxy radicals (Ry):

rate constants of reactions-4, the concentrations of HONO, chemical systems. The FTIR spectrometer systems at Ford
NO,, and other peroxy radicals (&), and the thermal stability Motor Company and the National Center for Atmospherlc_
of PAN. Research (NCAR) were used to measure the rate constant ratio

Moortgat et all? Roehl et al3 and Villenave et af. koks and the thermal stability of C4€(O)ONO.
determinedk; to be 4.3x 10713 exp(1040T) cm® molecule’! , .
sL2 andk, to be 2.8x 10712 exp(530T) (RO, = CH,C(0)- ~ 2- Experimental Section
The three different experimental systems used for this work
:E?mv;rillprjneggrsrgts]gg?gdeécr%ggcgﬂd be addressed. are described in detail elsewh&e® and are discussed briefly
* Present address: Danish Institute of Fundamental Metrology, Building Nere. The uncertainties reported in this paper are two standard

307, Anker Engelunds Vej 1, DK-2800 Lyngby, Denmark. deviations unless otherwise stated. Standard error propagation
> E-mail: ole-john.nielsen@risoe.dk. methods were used to calculate combined uncertainties.
I'E-mail: twalling@ford.com. . . .

0 E-mail: orlando@acd.ucar.edu. 2.1. Pulse Radiolysis System.CHsC(O)C;, radicals were
v E-mail: tyndall@acd.ucar.edu. generated by radiolysis of either @EHO/O,/CO,/NOy or CHs-
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CHO/G)/SK/NOx gas mixtures in a 1-L stainless steel reactor
by a 30-ns pulse of 2-MeV electrons from a Febetron 705B
field-emission accelerator. The radiolysis dose, referred to
herein as a fraction of the maximum dose achievable, was varied
by insertion of stainless steel attenuators between the accelerator
and the chemical reactor. The analyzing light was obtained from
a pulsed Xenon arc lamp and reflected in the reaction cell by
internal White-type optics. The length of the cell is 10 cm,
and the optical path length for the analysis light was 120 cm.
The analyzing light was monitored by a photomultiplier attached
to a monochromator operated at a spectral resolution of 0.8 nm.
All transients were results of single-pulse experiments.

CO, or Sk was used as diluent gas. Radiolysis of &@d
Sk produces oxygen and fluorine atoms, respectively:
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0.4

Relative dose

08

2-MeV e~ 02
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co, CO+0 (5)

2-MeV e~
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SFK, F + products (6)
CO, or Sk was always present in excess to minimize the
relative importance of direct radiolysis of other compounds in
the gas mixtures.

The O-atom yield following radiolysis of CQwvas determined
using the absorbance of ozone at 254 nm following radiolysis

of mixtures of 50 mbar of @and 950 mbar of C®
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The filled circles in Figure 1A show the absorbance after the
formation of ozone had ceased as a function of the radiolysis
dose. As seen from this figure, the absorbance is proportional
to the radiolysis dose. The slope is 0.44D.021. Usingzsa
nm(O3) = 1.15 x 10717 cnm? molecule® 16 we derive an O atom
yield of (7.75% 0.54) x 10" cm3 at full dose and 1000 mbar
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of CO,. The error includes statistical uncertainty in the slope
of the data in Figure 1A and a 5% systematic uncertainty
associated with the ozone absorption cross section.

The fluorine atom vyield was determined by two different
methods: first, by measuring the yield of @b radicals
following radiolysis of mixtures of 10 mbar CH40 mbar Q,
and 950 mbar S

F+ CH,— CH, + HF 8)

9)

and second, by measuring the loss of N@lowing radiolysis
of mixtures of 0.5 mbar of N@and 999.5 mbar of SF

CH, + O, + M — CH,0, + M

F+ NO,+M—FNO,+ M (10)

The maximum transient absorbance at 240 and 260 nm
ascribed to CHO; radicals is plotted in Figure 1A, while the
changes in absorbance at 400.5 and 452 nm due to loss of NO
via reaction 10 are shown in Figure 1B. As seen from Figure
1, the absorbance is proportional to the radiolysis dose up to
42% of maximum dose. At higher doses the absorbance falls
below that expected from extrapolation of the low-dose data.
We ascribe this to loss of radicals via unwanted radicatlical

Figure 1. (A) Maximum transient absorptions versus radiolysis dose.
Circles are data obtained using mixtures of 50 mbar §f9480 mbar

of CO,, and a montoring wavelength of 254 nm. Squares are data
obtained using mixtures of 10 mbar of GGHO mbar of @, 950 mbar

of Sk, and a montoring wavelength of 260 nm. Triangles are data
obtained using mixtures of 10 mbar of GHO mbar of @, 950 mbar

of Sk, and a montoring wavelength of 240 nm. (B) Absorbance loss
at 452 nm (squares) and 400.5 nm (circles) as a function of dose
following radiolysis of mixtures of 0.5 mbar of N@nd 1000 mbar of
SFs. An optical path length of 120 cm was used. The straight lines are
linear regressions through the low-dose data (filled symbols). See text
for details.

(7400.5nn(N02) = (6.5:l: 0.65) x 10719 ando452 nn(NOz) = (4.5
+ 0.45) x 1071° cn? molecule’,16-19 the F-atom yield was
determined to be (3.2% 0.33) x 10'°, (3.14+ 0.32) x 105,
(3.074 0.33) x 105, and (3.334 0.34) x 10 cm™2 at full
dose and 1000 mbar &F Quoted uncertainties reflect both
statistical uncertainties in the slopes from Figure 1 and a 10%
uncertainty ino(CHzO,) and o(NOy). It is gratifying to note
the good agreement among these four different determinations.
In the following we choose to use an average of the four
determinations with a 10% uncertainty, §FF (3.20 + 0.32)
x 10% cms,

Reagents used were the following: 1000 mbar CHCHO
(>99.5%); 20-120 mbar Q (ultrahigh purity); 856-900 mbar

reactions at high doses. Based on an optical path length of 120CO, (>99.9%); 876-1000 mbar SE (>99.9%); 0.29-0.71

cm, the slopes of the straight lines through the low-dose data
in Figure 1, 0.712t 0.014 (CHOz, 240 nm); 0.494+ 0.011
(CHz0,, 260 nm); —0.1040 + 0.0044 (NQ, 400.5 nm);
—0.0780+ 0.0015 (NQ, 452 nm); andr40nn{CH30,) = (4.42
+ 0.44) X 1018,9 O‘ZGOHW(CHgoz) = (3.18:|: 032) X 1&18,9

mbar NO ¢99.8%); 0.23-0.63 mbar NQ (>98%). All gases
were used as received.

Four sets of experiments were performed using the pulse-
radiolysis system. First, mixtures of GBHO, G, NO, and
CO, were radiolyzed and the formation of N@as monitored
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at 400.5 and 452 nm to provide measurementk,ofSecond,
mixtures of CHCHO, G, NO,, and CQ were radiolyzed and
the decay of N@was monitored at 400.5 and 452 nm to provide
measurements &g. Third, ko was determined from the rate of
formation of NQ using radiolysis of mixtures of C}£HO, O,
NO, and Sk and detection wavelengths of 400.5 and 452 nm.
Finally, ks was determined from the rate of decay of Ngpon
radiolysis of CHCHO/O,/NO,/SF; mixtures using detection
wavelengths of 400.5 and 452 nm.

2.2. FTIR Systems at Ford and NCAR. The experimental
systems at Fofd and NCARS are described elsewhere and only

discussed briefly here. In both systems chemical analysis was

performed using FTIR spectroscopy. Experiments at Ford were
conducted at 293308 K and 5.9-700 Torr total pressure of
N2/O; diluent. Experiments at NCAR were performed over the
temperature range 24295 K in 30-700 Torr total pressure

of No/O, diluent. The system at Ford Motor Company consists
of a 2-m-long, 140-L evacuable Pyrex chamber surrounded by
22 UV fluorescent lamps interfaced to a Mattson Instruments
Inc. Sirius 100 FTIR spectrometer. The system at NCAR
consists of a 47-L stainless steel reactor fitted with a quartz
window at one end to allow photolysis using a filtered xenon
arc lamp. A Bomem DA 3.01 FTIR spectrometer was interfaced
to a Hanst-type optical arrangement mounted within the reaction
cell. The path lengths for the analyzing infrared beam were 28
m (Ford) and 33 m (NCAR), the spectral resolutions were 0.25
cmt (Ford) and 0.£0.5 cnT! (NCAR), infrared spectra were
derived from 32 (Ford) and 16200 (NCAR) coadded inter-
ferograms.

Initial concentrations (and purities) of the gas mixtures use
were 16-26 mTorr of CHCHO (>99%), 49-460 mTorr of
chlorine >99%), 29-100 mTorr of NQ (>99%), and 5.9
700 Torr of Q/N, (both >99.999%) diluent. Isotopically
labeled'3CH3'3CHO was used as the reactant in the experiments

d

at Ford. Nonlabeled acetaldehyde was used at NCAR. Products

were quantified by fitting reference spectra of the pure

compounds obtained at appropriate total pressures to the

. Phys. Chem. A, Vol. 102, No. 10, 1998781
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Figure 2. Absorption transients at 400.5 nm following pulsed radiolysis
of mixtures of 0.36-0.71 mbar NO, 50 mbar ©75-100 mbar CH-
CHO, and 856-875 mbar CQ (single pulses, full dose, and optical
path length of 120 cm). For clarity, the transients are separated vertically
by 0.01 units. The smooth solid lines are simulations uging 2 x

10~ cm?® molecule s7%. Additional simulations of the transient where
[NO]o = 0.43 mbar using; = 1.7 x 10 and 2.3x 10 cm?
molecule’* s7* are shown with smooth dashed lines.

0 100

452 nm was observed to scale in a fashion consistent with the
absorption cross sections for M@t these two wavelengths,

O 4005 nm(NOg) =6.5x 10719 ando452 nn{NOz) =45x 10719

cnm? molecule1.16-1° |n addition, the formation rate increased
with increasing NO concentration (see Figure 2). It seems
reasonable to assume that the observed absorption is caused by
NO, formed from the following set of reactions:

2-MeV e~

observed product spectra using integrated absorption features.

The procedure was as follows. The gHHO, NO, and N@

reactants were quantified and subtracted from the product spectra

using characteristic absorption features over the wavelength
regions 806-1500 cntt. CO, and CHC(O)O,NO; were then
identified and quantified using features at 26@200 and 806
1500 cntl, respectively. With the exception of GE(0)O,-

NO;, all reagent and reference compounds were obtained from
commercial sources. Reference spectra ofQ@)O,NO, and
13CH,13C(0)ONO, were obtained by irradiation of acetalde-
hyde/CH/NO,/O, mixtures and equating the resulting peroxy-

CO,~——CO+0 (5)
O + CH,CHO— CH,CO+ OH (11)

OH + CH,CHO— CH,CO+ H,0 (12)
CH,CO+ O,+M — CH,C(0)0,+M  (13)
CH,C(0)0, + NO— CH,C(0)0+ NO,  (2a)

CH,C(0)O, + NO + M — CH,C(O)ONG, + M (2b)

Consistent with previous wofkand as discussed in section 3.6,
we assume in the following that reaction 2b is unimportant and

acetyl nitrate features to the loss of acetaldehyde (corrected forthat CHC(O)O radicals decompose immediately after their

a small, <2%, formation of CQ caused by the unavoidable
presence of a small amount of NO in the reaction system). At
1163 cn! o(CH3C(O)ONOy) = 1.47 x 108 cn® molecule®
while at 1133 cm? g(13CH53C(0)ONO,) = 1.21 x 10 8 cn?
molecule1.20

3. Results

3.1. Absolute Rate Constant for the Reaction of ChC-
(O)O, Radicals with NO Using O Atom Initiation. The
formation of NG was studied by monitoring the absorbance at
400.5 and 452 nm following the radiolysis (full dose) of
mixtures of 0.36-0.71 mbar of NO, 50 mbar of £75-100
mbar of CHCHO, and 856-875 mbar of CQ. Figure 2 shows

formation.

CH,C(O)O+ M —CH; + CO,+ M (14)

The methyl radicals formed by reaction 14 add t® give
CHs30; radicals that react with NO to produce another NO
molecule. Therefore, a first-order expression does not describe
the NG formation adequately, and the experimental transients
need to be fitted using a chemical mechanism describing the
chemical reactions in the system. To model the experimental
absorption transients, the chemical mechanism shown in Table
1 and the absorption cross sections of N#D 400.5 and 452
nm were applied. In addition, the absorption at 400.5 nm by
CH30ONO formed by the addition of C}© radicals to NO was

five absorption transients obtained using a detection wavelengthincluded ¢400.5 n{CHsONO) = 1.7 x 10~1°cn? molecule’® 29).

of 400.5 nm. The maximum transient absorption at 400.5 and

The chemical mechanism in Table 1 was constructed from the
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TABLE 1: Reaction Mechanism Used To Fit the Experimental Data

rate constant

reaction (cm® moleculet s7Y) ref
O + CH;CHO— CH;CO+ OH 45x 10718 16
O+0;+M—03+M 3.1x 10 25
O+NO+M—NO,+M 1.6 x 10712 16
O+ NO;+ M — 0.86NO+ 0.86G + 0.14NG + M 9.7 x 10712 16
F+ CH;CHO— CH3;CO + HF 1.0x 10710 28
F + CH;CHO— HC(O)CH, + HF 0.4x 10710 28
F+O;,+M—FO;+ M 1.9x 1013 40
F+NO+ M —FNO+ M 5.1x 10712 41,42
F+NO;+M—FNG,+ M 15x 101 43
CH3CHO + OH— CH3CO + H,0 1.6x 101! 22
NO+ OH+ M — HONO+ M 4.8 x 10712 16
NO,; + OH+ M — HNO; + M 11x 101 16
CH;CO+ O, + M — CH:C(O)O: + M 3.2x 10712 26
CHsCO + NO + M — CH;C(O)NO+ M 2.6 x 1071 a
CH;CO+ NO; + M — CH;C(O)NG, + M 1.6x 1071 a
CHsCO + CHyCO + M — CH;C(O)C(O)CH + M 2.0x 101 44
CH5C(0)0;, + CH3C(0)Q, — 2CH; + 2C0, + O 1.66x 1071 22
CHsC(0)0; + NO— CHz + CO, + NO;, 2.0x 1071 this work
CHsC(0)0, + NO, + M — CHsC(O)O:NO; + M 1.0x 101 this work
CH3C(O)02 + CH302 - CH3 + COz + CH30 + Oz 5.5x 10_12 22
CH5C(0)0; + CH30, — CH;C(O)OH+ HCHO + O, 5.5x 10712 22
CH; + O+ M — CH30, + M 1.07x 10712 28
CHz; + NO+ M — CH;NO + M 1.04x 10712 28
CH; + NO, — products 1.6x 1071 a
CH30; + NO — CH30 + NO; 7.7x 10712 22
CH30; + NO; + M — CH3O:NO; + M 7.5x 10712 22
CH30 + NO+ M — CH;ONO + M 25x 101 16
CHz0 + NO, + M — CH;ONO; + M 1.7x 101 16
03 + NO— NOZ + 02 1.8 x 1&14 16
NO + NOz — NO; + NO, 26x10°% 16
NO; + NO3; + M — N2Os + M 1.3x 1012 16
CH3CHO + NO; — HNO3 + CH;CO 24x 1071 16
HC(O)CH: + O, + M — HC(O)CHO, + M 2.6 x 10713 45
HC(O)CH, + NO + M — HC(O)CHNO + M 2.5x 1071 46
HC(O)CH: + NO, + M — HC(O)CH:NO; + M 1.9 x 1071 47
HC(O)CH, + HC(O)CH, + M — HC(O)CH,CH,CHO + M 4.8 x 1071 a
HC(O)CH0O, + NO — HC(O)CH0 + NO, 8 x 10712 a
HC(O)CH0, + NO, + M — HC(O)CHO:NO; + M 6.4 x 10712 a
2HC(0)CHO, — 1.5HC(0)CHO + 0.25CHOCHO+ 8 x 10712 a

0.25HC(O)CHOH + O,

HC(O)CHO; + CHsC(0)O, — HC(O)CH.O + CH3z + CO, + O 25x 10% a
HC(O)CH,0, + CH3C(0)0, — CHOCHO+ CH;C(O)OH+ O, 2.5x 10712 a
HC(O)CH,0, + CH30, — HC(O)CH,O + CH;O + O, 1.1x 10722 a
HC(O)CHO; + CH3;0, — stable products 2% 10712 a
HC(O)CHO + NO — stable products 2.5 10741 b
HC(O)CHO + NO, — stable products 1x101 b

a Assumed equal to the analogous reactions for the acetonyl radig&l(ChCH,.#84° ® Assumed equal tk(CHzO + NO) andk(CH;O + NO,).

literature data where available. The rate constants not availablemolecule’! s71 (for [NO] = 0.43 mbar) in Figure 2. Use &
in the literature were obtained as follows. It was assumed that= 1.7 x 107! and 2.3x 107! gives transients in which the

the rate constants for the reactions of I radicals with NO
and NQ, the reaction of CHl radicals with NQ, the self-
reactions of CHCO, HC(O)CH, and HC(O)CHO; radicals and
the cross reactions of HC(0)G8, radicals with CHC(0)O,

formation of NQ is too slow or too fast.

In addition to reaction 2 there are several other reactions that

can potentially influence the kinetics of N@rmation that we
need to consider. First, the rate of formation of £LKO)O,

and CHO, radicals are equal to the rate constants for the radicals can obviously impact the observed rate of ,;NO

analogous reactions of GB(O)CH, radicals. In addition, the

formation. Under our experimental conditions the pseudo-first-

distribution between molecular and radical products from these order rates of formation of GO radicals (from reaction 11),
reactions was estimated from the product distribution of the CH3;C(O)G; radicals (from reaction 13), and NQvia reaction

analogous CEC(O)CH, reaction. Finally, it was assumed that
the rate constants for the reactions of HC(O)YOHadicals with
NO and NQ are equal to the reactions of @B radicals with
NO and NQ.

2) are (0.83-1.1) x 10°s71, 3.9 x 10¥ s7%, and (1.5-3.5) x
1° s 1. Clearly, the formation of N@is not sensitive to the
rate constant for the addition reaction of @ the CHCO

radical. However, it is not possible to avoid some dependency

Using this mechanism, we modeled the experimental tran- of the derived rate constakt on the value used for the &

sients in Figure 2 wittk, varied to give the best fit. As seen
from Figure 2, use ofk; = 2.0 x 1071 reproduces the
experimental data well.

obtained usingk; = 1.7 x 101! and 2.3 x 1011 cm?

CH3CHO reaction. For this reason separate experiments were

performed in which the reaction of F atoms with gHHO was

To illustrate the sensitivity of the used as a source of GBO radicals. As discussed in section
modeled transients td,, we present simulated transients 3.3, the value ok, determined in these separate experiments
was indistinguishable from that presented in the present section.
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Second, the formation of NOs also dependent on the rate
constant for the reaction of GB, with NO. Fortunately, the
rate constant for this reaction is well establish@&#. 24 It
mainly influences the formation rate of the last part of the,NO
transient whilek, determines the formation rate of NQust
after the electron pulse. Consequently, thesC()0, + NO
and CHO, + NO reactions are partially separated in time.

Third, CH;O radicals are formed in the reaction of ¢bj
with NO. Under the present experimental conditions the fate
of CH30 radicals is addition to either NO or N@o give CH-
ONO or CHONO,. CH3;ONO has a small, but significant,
absorption at the wavelengths used to monitorK@mation.
CH3ONO; does not absorb in the region 48850 nm?! The
absorption associated with the formation of {LHNO was
included in the model using an absorption cross section of 1.7
x 10719 cn? molecule! 2! at 400.5 nm. At 452 nm the
absorption due to C¥DNO is negligible?! Finally, the value
of the rate constant for the self-reaction of £LHO)0; radicals,

1.6 x 102 cm?® molecule! s71, also affects the measurements.
The half-life for the self-reaction between @E{O)O; radicals

is ti; = 1/(K[CH3C(0O)O)]) = 52 us (calculated using an
average concentration of GB(O)G; radicals [CHC(0O)0O,] ~

0.6 x 105 cm3). The half-life for the reaction of C¥C(O)-

O, radicals with NO is 2-5 us, at least an order of magnitude
faster than the self-reaction. Therefore, the influence of the self-
reaction of CHC(O)G; is small. A simulation using [NO¥
0.43 mbar and the kinetic model in Table 1 shows that 7% of
the CHC(O)O, radicals are removed by the self-reaction.

In summary, although the mechanism used to model the

experimental data (see Table 1) is complex, reaction 2 is the

key reaction that determines the rate of NG@rmation. Other

reactions play a minor role, and the influence of these reactions

is explicitly taken into account. As seen in Figure 2, usiag
= 2.0 x 10 cm® molecule! s gives a good fit to

experimental transients obtained using a range of NO concentra-

tions. Also shown in Figure 2 are numerical simulations using
ko = 1.7 x 1012 and 2.3x 10711 cm® molecule® s~1, which
are well outside the error limits of the experiment. In light of

the number of experimental absorption transients (nine) that are

well fitted usingk, = 2.0 x 10 cm?® molecule! s~ and the
relatively well-established kinetic mechanism used for the
simulations, we choose to quote a final valuekpf= (2.0 &
0.3) x 10711 cm?® molecule’® s71,

3.2. Absolute Rate Constant for the Reaction of ChC-
(O)O, Radicals with NO, Using O-Atom Initiation. The
decay of NQ was studied by monitoring the absorbance at 400.5
and 452 nm following the radiolysis (full dose) of 0.238.58
mbar NQ, 50 mbar of Q, 100 mbar of CHCHO, and 850
mbar CQ. Figure 3 shows typical absorption transients

J. Phys. Chem. A, Vol. 102, No. 10, 1998783
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Figure 3. Absorption transients obtained at 400.5 nm following pulsed
radiolysis of mixtures of 0.2350.58 mbar N@, 50 mbar @, 100 mbar
CHsCHO, and 850 mbar C{single pulses, full dose, and optical path
length of 120 cm). The smooth solid lines are simulations ukig

1 x 107 cm?® molecule s, Additional simulations of the transient
where [NQ]o = 0.305 mbar usindis = 0.8 x 107 and 1.2x 107!
cm?® molecule® s are shown with smooth dashed lines.

x 10712 cm?® molecule® s~ fall well outside the noise level of
the experimental absorption transients; hence, we rdpert
(10 & 2) x 10712 cm?® molecule’® s71,

Several reactions could potentially interfere with the above
determination oks. First, the O atoms may react with species
other than CHCHO. O atoms generated by the radiolysis pulse
can react via the following reactions:

O + CH,CHO— CH,CO+ OH (11)
0+0,+M—0,+M (15)
O+ NO,—~NO+O0, (16a)

O+ NO,+ M —NO, + M (16b)

For our experimental conditions with o= 50 mbar, [NQ]

= 0.235-0.58 mbar, and [CECHO] = 100 mbar and using
rate constants df;; = 4.5 x 1071316 k5 = 3.1 x 1071425 kg,
=09.7 x 1071216 andkyep = 1.6 x 10712¢cnm? molecule’l s71, 16

we calculate that85% of the O atoms react to give GEO

and OH radicals<3% of the O atoms are converted int@, O
<1.7% of the O atoms are converted into jl@nd<10.6% of

the O atoms are converted into NO. The small amounts of
ozone, NO, and N@produced by reactions 15 and 16 are not

obtained using 400.5 nm as the detection wavelength. Theexpected to complicate the study of reaction 3.

decay rate increased with increasing Nédncentration. The

Second, CHCO radicals formed via reactions 11 or 12 can

absorption loss at 400.5 and 452 nm was observed to scale ing5ct with either Qor NOy:

a manner consistent with the absorption cross sections gf NO
at these wavelengths.

It seems reasonable to ascribe the

CH,CO+ 0,+M—CH,C(0)0,+M  (13)

observed loss of absorbance at 400.5 and 452 nm to loss of

NO..

The chemical mechanism in Table 1 was used to model the
experimental transients in Figure 3 wikg varied to give the
best fit. As seen from Figure 3 the absorption transients were
well fitted usingks = 1 x 10711 cm® molecule® s™1. To
illustrate the sensitivity of the modeled transientskip we
present simulated transients obtained usigvg 8 x 10-12and
12 x 10712 cm® molecule? s71 (for [NO] = 0.305 mbar) in
Figure 3. The modeled transients uskag= 8 x 102and 12

CH,CO+ NO,+ M — CH,C(O)NQ,+ M  (17)

The rate constant for reaction 13 is k21.0~12 cm® molecule™®
s126 There are no available data for reaction 17 at higher
pressures. Assuming that the rate constant for reaction 17 is
equal to that for the reaction between £HCH, radicals and
NO; of 2.6 x 107 cm® molecule? s, we calculate that
<9.1% of the CHCO radicals react via reaction 17 and that
>90.9% of the CHCO radicals form CHC(O)O,. Since
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reaction 17 only consumes a small fraction of thes;CB
radicals and since GJ&(O)NG; is a closed-shell molecule, the
formation of this species is not expected to interfere with this
study.

Third, the formation rate of C#€(0)O, may influence the
decay rate of N@ The pseudo-first-order rate constants for
formation of CHCO and CHC(O)G; and for loss of N@ (from
CH3;C(0O)O, + NOy) are 1.1x 10, 3.9 x 1(F, and (0.58-1.4)

x 1 s™1. Hence, the N@loss rate is mainly dependent kg
with only minor influences fronk;, andkjs.

Fourth, some CEC(O)0; radicals will undergo self-reaction
leading to formation of Chkiradicals, CQ, and Q. The half-
life for the self-reaction between GB(O)O; radicals isty, =
1/(Z[CH3C(0)O]) = 52 us using an average concentration of
CH3C(O)O, radicals, [CHC(0)O;] ~ 0.6 x 105 cm™3. The
half-life for the reaction of CHC(O)O; radicals with NQ is
5—12 us or 5-10 times faster than the self-reaction of £CH
(O)O; radicals. The CHlradicals formed by the self-reaction
will either react with Q to give CHO; radicals (which will
react with NQ) or react directly with N@. Both reactions lead
to loss of another N® The impact of the self-reaction of
CH3C(O)O; radicals is a slower overall decay of M6ince the
loss of NQ is delayed. Self-reaction is the fate of up to 25%
of the CHC(O)0;, radicals. As seen in Figure 3, the chemical
mechanism in Table 1 witks = 1.0 x 101! provides a good
fit for transients observed in the presence of 0:28%8 mbar
of NO,. The importance of the self-reaction as a loss 0§CH
(O)O, radicals varies by a factor of 2.5 over this range of fNO
while the quality of the fits is unchanged, suggesting that the

mechanism used here provides an adequate account of th

CH3C(O)G; radical self-reaction. We choose to repksgt=
(1.0£ 0.2) x 10712 cnm?® molecule® st as determined above.
3.3. Absolute Rate Constant for the Reaction of ChC(O)-

O, Radicals with NO Using F-Atom Initiation. The formation

of NO, was studied by monitoring the absorbance at 400.5 and

452 nm following the radiolysis (53% of full dose) of gas
mixtures of 0.29-0.61 mbar of NO, 50 mbar of £10 mbar
of CHzCHO, and 940 mbar of SF Figure 4 shows four

Sehested et al.

. . .
[NO]=0.61 mbar ]

0.08 [NO1=0.50 mlzarn

ey

E [NOJ=0.37 mbar

w

o 006 INO1=0.29 mbar

o

<t

e

8 o004

C

@

L

-

?

2 002

<

0,00
1 1 I 1 I 1 3 11
0 20 40 60 80
Time (us)

Figure 4. Absorption transients at 400.5 nm following pulsed radiolysis
of mixtures of 0.29-0.61 mbar NO, 50 mbar £10 mbar CHCHO,

and 940 mbar Sf(single pulses, 53% of full dose, and optical path
length of 120 cm). For clarity, the transients are separated vertically
by 0.01 units. The smooth solid lines are simulations uging 2 x

107 cm?® molecule® s71. Additional simulations of the transient where
[NQO]o = 0.50 mbar withk(HC(O)CHO, + NO) varied by a factor of

2 (short-dashed lines, hardly distinguishable from the solid and the long-
dashed lines) ank, = 1.6 x 107t and 2.4x 10! cm® molecule?*

s ! are shown with smooth long-dashed lines.

In addition to these two peroxy radicals, gbj radicals are

eformed via the following set of reactions:

CH,C(0)Q, + NO— CH,C(0)O+NO,  (2a)
CH,C(0)O+ M — CH, + CO, + M (11)
CH,+ 0,+ M — CH,0, + M 9)

From the rate constants in Table 1 and neglecting radical

absorption transients obtained at 400.5 nm. The maximum radical chemistry, we calculate a yield of € radicals of
transient absorption at 400.5 and 452 nm was observed to scal®@9—65% relative to the initial F-atom yield.

in a fashion consistent with the absorption cross sections for

We have a mixture of three different peroxy radicals that can

NO; at these two wavelengths, and the formation rate increasedréact with NO to produce N£ It is not possible to derivi,

with increasing NO concentration. We attribute the observed
increase in absorption to N@rmed by the reaction of peroxy
radicals with NO. However, three peroxy radicals could be
formed in the system. CGI€(O)O; radicals are formed by the
following reactions:

F + CH,CHO— CH,CO + HF (18)

CH,CO+ O,+ M — CH,C(O)O,+ M (13)
From the rate constants in Table 1 and correcting the yield of
CH3C(O)G; radicals for small losses of GBO radicals and F
atoms due to reaction with NO, we calculate that-68% of

the initially formed F atoms are converted into §€3{0)O,
radicals. HC(O)CHO, radicals are formed by the reactions

F + CH,CHO— HC(O)CH, + HF (19)

HC(O)CH, + O, + M — HC(O)CH,0, + M (20)

Using the rate constants in Table 1, we calculate that18%
of the F atoms are converted to HC(O)&h radicals.

from a fit of an analytical expression to the experimental
absorption transient; instead, it is necessary to model the
absorption transient. The rate constant for the reaction @OgH
with NO is well-known and can be well represented in the
model. However, the rate constant for the reaction of HC(O)-
CH,0, radicals with NO is not known and the fate of the
subsequently formed radical, HC(O)&@® is unknown. In the
following we have assumed th&HC(O)CHO, + NO) =
k(CH3C(O)CHO; + NO) = 8 x 10712 cnm® molecule’! s1.27

It was also assumed that HC(O)g® radicals are the only
product of the reaction between HC(O)&33 radicals and NO.
The fate of HC(O)CHO radicals in the system has been shown
to be reaction with NO to give HC(O)GE®NO28 The
experimental transients shown in Figure 4 were modeled using
the mechanism given in Table 1 witfHC(O)CHO, + NO)

= 8 x 10712 cm?® molecule’! s™%. The model reproduced the
experimental absorption transients well. As a check of the
sensitivity of the model t&a(HC(O)CHO, + NO), we modeled

an absorption transient with [N@3¥ 0.50 mbar, changingHC-
(O)CH,0O, + NO), up and down by a factor of 2. The result is
shown in Figure 4. The modeled curves are shown as smooth,
short-dashed lines that can hardly be distinguished from the solid
and long-dashed lines. We conclude that the result is not very
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Figure 5. Absorption transients obtained at 400.5 nm following pulsed
radiolysis of mixtures of 0.2850.555 mbar N@ 50 mbar G, 10 mbar
CHsCHO, and 940 mbar SHsingle pulses, 53% of full dose, and
optical path length of 120 cm). The smooth solid lines are simulations
usingks = 1 x 107! cm?® molecule® s™. Additional simulations of
the transient where [N§ = 0.397 mbar usings = 0.8 x 107t and

1.2 x 107 cm® molecule* st are shown with smooth dashed lines.

sensitive tok(HC(O)CH0O, + NO). We estimate the uncer-
tainty in k(CH3C(O)O, + NO) due to uncertainty ik(HC(O)-
CH,0, + NO) to be 0.2x 1071 cr? molecule s71.

Finally, as a check of the sensitivity of the modek{€HsC-
(O)O, + NO), we modeled the absorption transient in Figure 4
with [NO]o = 0.50 mbar using(CHzC(0)O; + NO) = 1.6 x
10 and 2.4 x 10 cm?® molecule* s The derived
transients are shown in Figure 4 with long-dashed lines. As
seen from Figure 4, the fits are sensitive to the valudGH;C-
(O)O, + NO). Eight experiments were well described by the
model using k(CH;C(O)O, + NO) = 2.0 x 101 cm?
molecule’? s71. From the F-atom-initiated experiments, we
derive k(CHsC(0)®; + NO) = (2.0 + 0.5) x 107! cm?
molecule! s1; the quoted errors reflect both statistical

uncertainties and our estimate of possible systematic uncertain

ties associated witlk(HC(O)CHO, + NO). This result is
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Figure 6. Arrhenius plot fork_; at 700 @) Torr total pressure of N
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at 293.0 (triangles), 300.6 (circles), and 308.3 K (diamonds) in 700
Torr of N, diluent.
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and 15-20% of the initial F-atom yield. The remaining F atoms
are consumed by reaction with NOHence, 77#82% of the
initially formed peroxy radicals are GJ&(0)0; radicals. To
simulate the observed absorption transient, we had to assume
that k(HC(O)CH,O, + NO,) is 6.4 x 10712 cm® molecule’?
s~1 by analogy tok(CH3;C(O)CHO, + NO,).Z’

An additional complication is that the self-reaction of the

"CH3C(0)G; radicals is relatively fast. Therefore, a nonnegli-

gible fraction of the CHC(O)GO; radicals undergoes self-reaction

consistent with, although less precise than, that reported into give CHC(0)O radicals that decompose to Qiddicals and

section 3.1.

3.4. Absolute Rate Constant for the Reaction of ChC-
(O)O;, Radicals with NO, Using F-Atom Initiation. The
decay of NQ was studied by monitoring the absorbance at 400.5
and 452 nm following the radiolysis (53% of full dose) of
mixtures of 0.285-0.63 mbar of NQ, 50 mbar of @, 10 mbar
of CHzCHO, and 940 mbar of SF Figure 5 shows typical

absorption transients obtained at 400.5 nm. The decay rate

increased with increasing N@oncentration. The absorption

loss at 400.5 and 452 nm scaled with the absorption cross
sections of NQat these wavelengths. We ascribe the observed

loss of absorbance to loss of N@a reaction 3. The transients

in Figure 5 were modeled using the mechanism given in Table

1. The best fits were achieved usikg= 1.0 x 10711 cm?®
molecule®! s~ and are shown as the smooth curves.
Before the NQ loss rate can be used to determine the rate

CQO,. The half-life for the self-reaction between gE{O)0O;
radicals istyp = 1/(ZKCaveragd = 52 uS using an average
concentration of CEC(O)Q; radicalsCayerage™ 0.6 x 10 cm3,

The half-life for the reaction of CEC(O)O, radicals with NQ

is 5—10 us or 5-10 times faster than the self-reaction of the
CH3C(O)O; radical. The CH radicals formed by the self-
reaction will react with NQ either directly or indirectly (via
formation of CHO,). Both reactions lead to loss of NOThe
effect of the self-reaction of C4#€(0O)0, radicals is a slower
overall decay of N@ since the loss of N@is delayed.
However, since the model can fit all absorption transients with
different initial NO, concentrations and since it is possible to
determine the fate of the products of the self-reaction 0§ GH
(O)O; radicals, this reaction is a complication that can be dealt
with.

constant for reaction 3 we need to consider possible interfering  Finally, we checked the sensitivity of the modekto Figure
reactions. As discussed in section 3.3, three different peroxy 5 shows two dashed lines that are simulations of the experiment

radicals are formed in the system. &HO)O, and HC(O)-
CH,0; are produced following reaction of F atoms with &H
CHO. CHO; radicals are formed following the self-reaction
of CH3C(0)G; radicals as discussed below. We estimate the
yields of CHC(O)0, and HC(O)CHO; radicals to be 6669%

with [NO]o = 0.397 mbar usingiz = 8 x 10712and 12x 10712
cm® molecule’! s71. Clearly, these two simulations fall well
outside the noise level of the transient. We choose to régort
= (1.0 +£ 0.2) x 107* cm® molecule* s71. This result is
consistent with that reported in section 3.2.
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TABLE 2: Measured Values for k_3?
temp total pressure k-3 4
(K) (Torr) (nitrogen diluent) (103s7)
308.3 700 1.95-0.14 ~
306.8 700 1.38:0.09 ._|§ 3+
300.6 700 0.55% 0.031 <Z(
296.4 700 0.371% 0.058 a,
293.0 700 0.18& 0.010 ‘§ oL
293.1 100 0.162 0.015 —=
293.1 30 0.14% 0.014 S
aQuoted errors are two standard deviations. i
3.5. Thermal Stability of CH3C(O)O2NO,. As a prelimi-
nary exercise prior to measuremenkgks, control experiments L
oy 0 AT [ S TR T S NN T ST ST S ST S S S
were performed to measure the thermal stability ofgC&D)O_z- 0.0 05 10 15 20
NO,. To check for heterogeneous loss of LHO)ONO; in
[NOL/INO,],,

the chamber at Ford, a mixture of @E{O)O,NO; in the
presence of a large excess of N@Was left in the chamber in
the dark for 64 min at 308 K. There was no l0oss206) of
CH3C(O)O:NO,, suggesting the absence of complications K s,

Figure 7. Plot of A[COg]cord A[PAN]corr VErsus [NOJJ/[NO;]ay at 700
Torr total pressure and 295 K. See text for details.

caused by heterogeneous loss processes (PAN is known to b
very stable in the NCAR chami¥). Addition of NO to
reaction mixtures containing GB(O)O,NO- led to a decay of
this species. In the presence of excess NO, the loss of
CH3C(O)O:NO, was not dependent on the NO concentration.
The loss of CHC(O)O:NO; in the presence of NO is not caused

Reaction—3 is a unimolecular decomposition, and a

Qecrease ik_3 with decreasing total pressure is to be expected.

At 293 K the IUPAC data-evaluation panel recommends that
when compared with the value at 700 Torr, the rate of PAN
decomposition decreases by 12% and 35% at 100 and 30 Torr,
respectively’> The dependence ok_; on total pressure
observed in the present work is indistinguishable from that

by a reaction of these two compounds. Instead, NO scavengesq o mmended by the IUPAC panel. As expected, the observed

CH3C(O)G; radicals formed in the thermal decomposition of

pressure dependencelofs is indistinguishable from that d&

CH3C(O)Q:NO,, thereby limiting the re-formation of GJE(0)O-

Fi .
NO, via reaction 3: (see Figure 8)

3.6. Measurement ofko/ks at Ford and NCAR. The rate
constant ratid,/ks was measured using the FTIR systems at
Ford and NCAR in experiments employing the UV irradiation
of acetaldehyde/GINO/NO,/O,/N, mixtures.

CH,C(O)ONO, + M — CH,C(0)0, +NO, + M  (—3)

CH,C(0)0, +NO, + M — CH,C(O)ONO, + M (3)

CH,C(0)0, + NO— CH,C(0)O+NO,  (2) Cly + hw (4 > 300 nm)— 2C| (1)
The decay of CHC(O)O:NO; followed first-order kinetics. Cl+ CH,CHO— CHLC(O) + HCI (22)
Representative data are shown in the insert in Figure 6. Linear CH,C(O) + O, + M — CH,C(0)0, + M (13)

least-squares analysis of these data gives pseudo-first-order rate
constants for the thermal decomposition of LCHO)ONO,.
CH3C(O)O:NO, can be regenerated via reaction 3. The
observed rate of CHC(O)O:NO, decaykqps is related to the
true rate of decak-3 by the expression

K_3 = Kopd1 + (ks[NO,/k[NO]))

Acetylperoxy radicals are formed via the reactions given above
and then react with either NO or NO As discussed above,
reaction with NO leads to the formation of G@hile reaction
with NO, produces peroxyacetyl nitrate (PAN). The relative
importance of reactions 2 and 3 as loss mechanisms fgCEH
(O)O; radicals depends on the concentration ratio [NO]/ANO
and the rate constant ratig’ks. Provided that reactions 2 and

The observed C§C(O)O,NO, decay ratkopswas corrected for
3 are the sole sources of G@nd PAN and that there are no

regeneration via reaction 3 usitkg = 1.0 x 107! andk, =
2.0 x 10711 cm® molecule? s™1 (see previous sections). The losses of these species, then
concentrations of NO and NGn the chamber were monitored
using their characteristic IR absorptions. Corrections were in [CO,] _ 52 %
the range 210% and have been applied to the data given in [PAN] kg
Table 2 and the Arrhenius plot in Figure 6.

Experiments were performed at a variety of temperatures overwhere [CQ], [PAN], [NO], and [NO;] are the concentrations
the range 293308 K. Results are listed in Table 2 and plotted of CO,, PAN, NO, and NQ in the chamber an#, andk; are
in Figure 6 together with previous measurementskof by the rate constants for reactions 2 and 3.
Tuazon et af? at 740 Torr, Bridier et at.at 600 Torr, Roberts The first set of experiments was performed using the
and Bertma#ft at 760 Torr, Roumelis and Glav&sat 760 Torr, experimental system at Ford in 700 Torr of &t 296 K using
and Grosjean et &P at 750 Torr. As seen from Figure 6, the mixtures of 16-23 mTorr of 13CH33CHO, 60 mTorr of C},
results from the present work are in excellent agreement with 9—91 mTorr of NO, 22-56 mTorr of NQ, and 200 Torr of
all previous measurements except those of Grosjean ®t al. O,. Reaction mixtures were irradiated for20 s, resulting in
which lie 20-30% below the rest of the data. To test for the the loss of 2-24% of the initial '3CH;*CHO and changes in
effect of total pressure, experiments were performed at 293 K the NO and NQ concentrations of £10%. In all cases the
with 30, 100, or 700 Torr total pressure. As seen from Table combined molar yields of C£and PAN were indistinguishable
2, there was a small, but significant, effect of total pressure on from the observed acetaldehyde loss. Figure 7 shows a plot of

NO]
NG,
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TABLE 3: Measured Values for kio/ks :(; 10
total pressure "o I
temp (K) (Torr) (nitrogen diluent) kaolks 3
(3]
295 (Ford data) 700 2.020.2F TED
295 (Ford data) 300 2.88 -
295 (Ford data) 100 2.0 5
295 (Ford data) 50 3.36 B
295 (Ford data) 25 3.%2 =
295 (Ford data) 5.9 5.46 =
283 (NCAR data) 700 2202 o
283 (NCAR data) 30 2.20.3 z
243 (NCAR data) 700 2402 o
243 (NCAR data) 100 2402 o 2f
@ Obtained from linear least-squares analysis of the data in Figure (I)m
7. Single point determinations. Q [ ; o
X
. 0 200 400 600 800
[CO.)/[PAN] versus [NOL/[NO]ay, for experiments conducted P T
at 700 Torr and 295 K, where [N@]and [NQj. are the ressure (Torr)
average concentrations of NO and Nering the experiment.  Figure 8. Pressure dependence fgrat 295 K measured in the present
As expected, there is a linear relationship between]J(PAN] work (circles) and by Bridier et &l(triangles).

and [NOLJ/[NO]a. Linear least-squares analysis of the data
in Figure 7 givesky/ks = 2.17 £+ 0.15.

Derivation of the rate-constant ratiky/ks relies on the
assumption that C£and PAN are formed solely as a result of
reactions 2 and 3 and are not lost via any process. Although it
is difficult to imagine other sources of PAN in the chamber, it
is not difficult to imagine other sources of GO A control
experiment was performed in which a mixture of 24 mTorr of
13CH513CHO, 77 mTorr of CJ, 35 mTorr of NO, and 84 Torr
of Oz in 700 Torr total pressure of Ndiluent was subjected to
four successive 10-s periods of UV irradiation, leading to 21%
consumption of the acetaldehyde. The molar yield3fO,
(relative to loss of acetaldehyde) was 88%; PAN was just
detectable with a yield of £2%. The fact that th&¢*CO, yield
was not significantly greater than 100% shows that there are
no confounding sources of GQOin this chemical system.
Although there are no possible loss mechanisms fos i@@he
reactor there are several possible loss processes for PAN tha
need consideration. PAN can be lost via thermal decomposition

of Bridier et al., and a nonlinear least-squares fit to the combined
data set returns the same values of the parameters in the Troe
expression:k, = 2.7 x 102 andki,s = 1.2 x 10 for F, =

0.3 andN; = 1.41.

Analogous experiments were performed at NCAR at 243 and
283 K for pressures between 30 and 700 Torr. For the initial
experiments a resolution of 0.5 chwas used. At the lower
pressures the dependences of the absorption due toaG®
NO, became very nonlinear because of underresolution and
saturation. The resolution was increased to 0.1 %gnand
concentrations were determined by the use of integrated line
intensities rather than peak heights. This led to an improvement
in the accuracy of measurements of these species. At the lowest
temperature and pressure, the problem of @@asurement was
avoided by the measurement of gBNO, instead of CQ. At
the low temperatures and lowsQartial pressure, methyl nitrate
is formed following the reaction of peroxyacetyl radicals with

(s_ee previous section), heterogeneou_s reactions, and _reaction CH,C(0)O, + NO — CH, + CO, + NO, )
with Cl atoms or OH radicals (OH radicals are formed in the
system via reaction of HOradicals with NO). As discussed CH;+ O, + M — CH,0, + M (9)

in the previous section, there was no evidence for heterogeneous
loss of PAN in the chamber systems. PAN reacts very slowly
with both Cl atoms and OH radicatéand such reactions will
not be significant in the present work. Finally, the yields of
CO, and PAN can be corrected for the thermal decomposition
of PAN during the +5 min taken for UV irradiation and data
acquisition using the value &f 3 = 3.9 x 104 s 1 reported in

CH,0, + NO— CH,0 + NO, (23)
CH,0 + NO, + M — CH,ONO, + M (24)

The spectral features of methyl nitrate are smooth, and its
the previous section. Corrections were in the rangé% and concentration varied linearly with that of PAN over five or six

have been applied to the data in Figure 7. Linear Ieast-squareé"adiations'

analysis of the data in Figure 7 givgks = 2.07+ 0.21 at The results are included in Table 3. When combined with
700 Torr and 295 K. Additional experiments were performed the témperature dependence for the rate consgamieasured

at reduced total pressures at 295 K. The results of these singlePY Villalta and Howard the results at lower temperatures agree

point determinations are given in Table 3. On the basis of the to within 5% Wm; those predic.ted.by the falloff parameters given
data scatter evident in Figure 7, we estimate that the single- Py Bridier et al.3 further confirming the pressure dependence
point determinations have an associated uncertainty#%. reported there. Because of the strong negative temperature
The increase irky/ks with decreasing pressure reflects a dependence oks at low pressure, measurements _at low
decrease in the association rate constanwith decreasing temperature do not extend very far into the falloff region, and
pressure. There have been three studies of the effect of pressurg® the paramaters fdg could not be improved.
on k3.5~7 The most comprehensive study is that of Bridier et
al®> The current data have been converted to absolute value
for ks by use ofk; = 2.0 x 1071 cm® molecule'! s measured Recently, two groups have reported direct kinetic studies of
here and by Villalta and Howard. The data are shown in  the reaction of CHC(O)Q; radicals with NO©11 At room
Figure 8 along with those of Bridier et al., and the fitted line to temperature (295298 K) Villalta and Howard! and Maricq
their data. The current data are indistinguishable from those and Szent¥ obtain values fok, of (2.0 & 0.3) x 10711 and

54' Discussion and Conclusion
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Figure 9. Comparison of literature data fég/ks at, or near, ambient
pressure with results from the present work: Cox &P &liamond),
Kenley and Hendrf (dotted line), Kirchner et &’ (triangles), Tuazon
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(1.4 £ 0.2) x 107 cm® molecule® s, respectively. Our
value ofky = (2.0 £ 0.3) x 10711 cm?® molecule® s™1 clearly
supports the work of Villalta and Howard. Maricq and Széhte
measured the formation of N@nd the loss of NO using IR
and the formation and decay of @E{O)0O,, CH3;0,, and CH-
ONO using UV absorption. The experimental data were fitted

Sehested et al.

Figure 9 is drawn aky/ks = 2.17 which is the average of the
data reported by Cox et & Kirchner et al3” Tuazon et al3°
Seefeld et aP? and the present study. The two dashed lines
represent changes k/ks by +15% and encompass most of
the experimental data.

In models of urban and regional air chemistry the rate-
constant raticky/ks is an important parameter that determines
the formation of PAN. We recommend the use of a tempera-
ture-independent value @&f/ks = 2.17+ 0.33 in such models.
Although the rate-constarg is pressure-dependent, for pres-
sures near ambient the effect is modest wifhchanging by
less than 5% as the pressure is reduced from 700 to 300 Torr
at 298 K. Hence, neglecting the effect of pressurekgis in
urban and regional air-quality models is reasonable.
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