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The quantum yields for the production of N@ the gas-phase UV photolysis of peroxyacetyl nitrate (PAN,
CH3;C(O)OONQ) and peroxypropionyl nitrate (PPN, GEH,C(O)OONQ) at 248 and 308 nm were measured.
We report room-temperature quantum yield values of Gt19.04 and 0.41+ 0.10 at 248 and 308 nm,
respectively, for PAN and 0.22 0.04 and 0.3%t 0.04 at 248 and 308 nm, respectively, for PPN. UV
absorption cross sections for PPN between 200 and 340 nm over the temperature rari2fe320@re also
reported. The atmospheric implications of these results are discussed.

1. Introduction could be important under certain atmospheric conditions.

Peroxyacetyl nitrate (PAN, GI€(O)OONQ) and peroxy- Tfhg;&)r?fha ilﬁteroglegeous Iosstpfﬁlfo)ootls tPusPa'lAllgss d
propionyl nitrate (PPN, CECH,C(O)OONQ) are important (F)>PN - 1he lerma ecomp(()j3| |ondoss rahf_s-sh or | an
components of atmospheric reactive nitrogen,, NG Peroxy- are strongly temperature depen en%, which translates to a
acetyl nitrates are phytotoxic and mutagenic at high concentra-s'[rong altlt_u dlef eren?gr'&c'\? " T:;Iulfdar et have shown. the f
tions and are, therefore, of societal interest in polluted areas.tar;[mOSp ert'lc |et|nr1]e o tm tth?a??\év-tetrrw%eraturte rﬁg(ljotr)ls o
This class of compounds are often a large fraction of, WO € upper troposphere, greater m, 1o be controfied by

. . photodissociation and to be of the order of weeks to months.
the remote troposphere and, hence, are important reservoir . h )
species for NQ (NO, = NO + NOy). The fraction of NQ The different photolytic pathways possible for PAN (see below)

comprised as PAN varies from15% in the polluted continental could result in a different impact on the remote atmosphere.

boundary layetto as much as 80% in the high-latitude upper The characterization of the atmospheric photolysis rate and

tropospheré. The abundance of PAN in the stratosphere is guantum yields for PPN has received much less attention than

expected to be much less but has not been well characterized.P'A‘N in the literature. Field measurements of the PPN to PAN

Results from numerical modeling studies have recently shown re_Iative_ abundance have bee_n used as a diagnostic to c_haracterize
that transport of PAN constitutes an important source of NO biogenic anl? anthropogenic sources to_ tropospheric ozone
to the remote troposphérand can be important in mediating productior?:'* However, differences in the photochemlstry O.f
the concentration of Ngn the upper troposphefeitmospheric PAN and PPN need to be accounted for in such an interpretation.

measurements have also shown that PAN is typically more There are a number of PAN and PPN photolysis channels

abundant than PPN with the ratio of PPN to PAN varying from fhnertgetlcallyr/] azzeis'ggeom thelwavel_englt_? rdeglpnt |mp(3[)rr]tant n
a few percent to over 15% in the troposphere. € tropospner nm. in a simpiified picture, hese

PAN is formed in the troposphere as a reaction product in photolysis channels lead to the production of eithepONO;

the oxidation of various hydrocarbons (i.e., isoprene and PAN + hy — R + NO, (2a)
acetone) through the association reaction:
—R + NO, (2b)

CH,C(0)0O+ NO, + M <> CH,C(O)OONQ, + M (1,-1)

where R= CH3;C(0O)O0 and R= CH3C(O)O or energetically
PPN is formed following the oxidation of largez,Cs, primarily allowed fragments of these radicals. For PPN photolysis; R
anthropogenic hydrocarbons. The atmospheric loss processe§&H:CH2C(0)O0 and R= CH;CH,C(0)O. Mazely et at>13
for PAN and PPN include the highly temperature dependent Nave recently reported measurements of the; N@d NQ
thermal decomposition-(1), UV photolysis, and reaction with ~guantum yields following pulsed laser photolysis of PAN at
the OH radicaP. Heterogeneous losses of PAN and PPN are 248 nm. NQ, reaction 2a, was observed to be the dominant
expected to be slow.However, Villalta et ak® have shown  Photodissociation product with a quantum yield of 0:88.09.
that the heterogeneous loss of the {CKD)OO radical, which In their later study, N@ reaction 2b, was determined to be a

could be in equilibrium or steady-state, reaction 1, with PAN, significant photodissociation product with a quantum vyield of
0.3+ 0.1. The production of both NCand NQ is an indication

*To whom correspondence should be addressed. NOAA, R/AL2, 325 that the dynamics of the photodissociation process may involve
Broadway, Boulder, CO 80305-3328. E-mail: burk@al.noaa.gov. multiple excited electronic states or is not a simple one-step
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evaluated. To date there have been no photodissociation studieattached in parallel with the diode array absorption cell to enable
of the PPN molecule reported in the literature. simultaneous measurements with the same sample. Absorption
In this work, we report quantum yields for the production of measurements in the 25 cm cell were made using a Zn lamp
NO; in the photolysis of PAN and PPN at 248 and 308 nm. (213.9 nm) and a phototube detector with a narrow band-pass
NO; was detected by long path transient diode laser absorptionfilter. Absorption measurements with the Zn lamp were made
at 661.9 nm and was quantified relative tgQ§ photolysis. As simultaneously with the diode array measurements. The room-
part of this work, PPN UV absorption cross sections over the temperature cross section values at 213.9 nm (from the absolute
wavelength range 2H8B40 nm between 253 and 296 K were pressure measurements) were then used to normalize the diode
measured using a diode array spectrometer. Our results arearray spectra recorded at 273 and 253 K.
compared with the previous PAN quantum yield measurements  Experiments were also performed in which a Fourier trans-
of Mazely et a!213and the PPN UV absorption cross sections form infrared spectrometer was used to measure the infrared
reported by Senum et #.The atmospheric significance of these absorption spectrum, 1 crhresolution over the range 460

results is discussed. 4000 cn1?, of the same PPN gas-phase sample simultaneously
with the diode array UV absorption measurements at 296 K.
2. Experimental Details The infrared absorption cell was 2.5 cm diameter glass tubing,

10 cm path length, with KBr windows. The infrared and UV
sections of PPN and the quantum yields for N@oduction absorption cells were filled from the sample reservoir simulta-
neously to the same total pressure. The infrared measurements

following the pulsed excimer laser photolysis of PAN and PPN served two purposes: (1) to identify possible sample impurities

at 248 and 308 nm. The room-temperature UV cross sectlon}%e. propionic acid (CECH,C(O)OH and propionic anhydride

In this study, we have measured the UV absorption cross

were measured using a diode array spectrometer and absolut HsCH,C(0)OC(O)CHCHs)) which would otherwise be dif-
pressure measurements. The temperature dependence of the P icult to detect in the UV due to the continuous and overlappin
cross section was measured relative to the room-temperature ppIng

values. The N@quantum yield measurements were made by nature of the spectra and (2) provide a secondary check of the

photolyzing a known concentration of PAN or PPN (determined l.JV absorption cross section de_termmatlon by comparison with
by UV absorption spectroscopy) with a pulsed excimer laser I{terature values of the PPN infrared absorption cross sec-
: ; . tions 1516
and measuring the concentration of N@doduced with a tunable . . L
diode laser operating at 661.9 nm. The excimer laser fluence | N€ absorption signal due to N@hich is present as a small
was calibrated in separate experiments by photolyzis@ssnd impurity and decomposition product in the PPN sample,
measuring the N@yield by absorption. A description of the typically 4 x 102 mole frac.tlon,.was subtrgcted using referenge
apparatus and methods used is presented below. spectra measured under |d_ent|ca_1l conditions. Thg C(_)r_1tr|but|on
UV Absorption Measurements.PPN absorption cross sec- of NO; to the PPN absorption signal was only S|g_n|f|_cant_at
tion measurements were made using a 30 Wldnp light wavelengths>300 nm. Refe.renlce spectra of propionic acid,
source coupled to a 1024 element diode array spectrometer. TheCH3CH2C(O)OH’ gnd propionic anhydrlde, GBH,C(O)- .
0.5 m spectrometer used a 150 grooves per mm gratidg} OC(O)CHCHs, which are both present in th_e_PPN syn_the_5|s,
nm resolution, and covered the wavelength range-BXD nm. were recorded and were found to make negligible contrlputlons
The wavelength of the spectrograph was calibrated usingto the measured UV absorption spectra on bases of the infrared

emission lines from a Hg pen-ray lamp and was accurate to 0.2Measurements of the sample.

nm. Cross section determinations at wavelengths greater than NOs Quantum Yield Measurements.The apparatus and data

300 nm were made using a Pyrex optical filter mounted at the analysis used for the quantum yield measurements has been

entrance of the spectrometer. The filter reduced scattered lightdescribed in detail previousl:'® The apparatus consisted of a

contributions to the weak absorption signals at wavelengths Small volume glass cell (i.é= 0.9 and 100 cm long) with quartz

>300 nm. Spectra were recorded by coadding P00 detector ~ Windows through which gas-phase samples of PAN, PPN, or

readings with exposure times between 0.02 and 0.08 s. N2Os diluted in N, flowed through. Absorptipn spectra recorded
Two different absorption cells were used during the course OVer the wavelength range 23865 nm using a Plamp and

of these experiments. The single pass absorption cells wered'Ode array spectrometer were used to determ_me the concentra-

jacketed for temperature regulation and had optical path lengthstions. Absorptlgn cross section data from previous studies were

of 132 and 200 cm. The cells were made from small diameter Used to quantify the PANand NOs'® concentrations. PPN

glass, i.d. 15 mm, to minimize the volume and quartz windows absorption cross sections were taken from this work.

sealed via O-ring joints. Absorption spectra were determined The pulsed photolysis light sources were KrF (248 nm) and

by first measuring the lamp spectruig(A) with the cell XeCl (308 nm) excimer lasers. The photolysis beam passed
evacuated. Gas-phase PPN was then added to the cell directlfhrough the length of the cell collinearly with the diode laser
from the sample reservoir and another spectt(@ihrecorded. probe beam. The tunable diode laser (5 mW) nominally
Absorption spectra were calculated usinglAE —In(1(4)/1o- operating at 661.9 nm was used to detect the; Nlbtofrag-

(4)) and cross sections determined from ploté\¢f) vs [PPN]. ment. The tunable diode laser beam was passed through cutoff

The cell pressure was measured using a 10 Torr capacitancdilters to attenuate the photolysis beam before detection by a
manometer. The pressure of PPN in the absorption cell rangedred sensitive photodiode. The stability of the tunable diode laser
from 0.1 to 1.2 Torr. The gas-phase concentrations of PAN and allowed absorbance changes 0k510~° to be measured (S:N
PPN were observed to be stable over the duration of the ratio of 1).
absorption and quantum yield measurements. All absolute cross Quantum yield and photolysis laser fluence calibration
section determinations were performed at room temperature, 296measurements were made by first establishing a stable flow of
+ 2 K. the photolyte (PAN, PPN, or ¥Ds) through the absorption cell.
The temperature dependence of the PPN absorption spectrunThe photolyte concentration was measured by UV absorption
was determined relative to the room-temperature cross sectionas described above. The diode laser beam intensity was then
values. A 25 cm long room-temperature absorption cell was measured prior to firing the photolysis laser. The photolysis laser
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was fired (20 ns pulse width) and the diode laser temporal profile
measured over the next 4 ms. p@bsorption was calculated
using the prephotolysis diode laser beam intensithp.aSignal
averaging was accomplished by coadding diode laser signals
from 10 to 50 laser shots. The photolyte concentration was
remeasured following the photolysis measurements to confirm
its stability during the photolysis measurements.

The NG produced as a photolysis product of X &XPAN,
PPN, or NOs) under optically thin conditions is given by

._.

<
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=

—

<
[
°

[NOly = [X] 0;(X) @} (X)F(A) @3)

whereF(1) is the photolysis laser fluence (photon thpulse )
at wavelengtti, o;(X) is the absorption cross section of X (¢m
molecule?) at wavelengtti and ®}%(X) is the NOQ; quantum
yield from X at the photolysis wavelength. For each set of 102
quantum yield determinations for PAN and PPN, the photolysis
laser fluence was held constant andOy was used as the 2;0 nlu) 2;0 2;0 3(')0 3;0 3"‘0
reference compound to determine the laser fluence. Wavelength (nm)

Taking eq 3 with a constari(1) for X = PAN and NOs ) . )
(reference compound) yields the N@uantum yield for PAN Figure 1. UV absorption cross sections of PPN (§HH,C(O)OONQ)

. . f th . . | measured at 296, 273, and 253 K using a diode array spectrometer.
written in terms of the measured N@bsorption signals and The values of5(1,296 K) andB(1) obtained from a least-squares fit of

. 2 -
Cross Section (cm” molecule 1)
P
—}

photolyte concentrations as the spectra to Inf{(A,T)/o(1,296 K)] = B(A)(T — 296) are given in
Table 1.
NOs
DNO(PAN) = Ano (PAN)IN O]9 (NO3) 3 (N;O5) 4) TABLE 1: UV Absorption Cross Sections and Temperature
ANO3(N205)[PAN] 0,(PAN) Coefficients for PPN, CH;CH,C(O)OONO,
A(nm)  0(296 Kp BP A(nm)  0(296 Ky B°

A similar expression can be written for the PPN quantum yield. 210 1.74 1.22 276 0.0214 6.17
NO; has a strong broad absorption band peaking at 661.9 212 1.54 1.20 278 0.0184 6.49
NM (Omax= 2.23 x 10717 cn? molecule1).2° The tunable diode gig i?g %';g ggg 8'81% 673.2133
laser was tuned to the peak of the absorption feature to obtain 519 0.999 121 284 0.0112 754
maximum sensitivity to N@ The value of the N@absorption 220 0.861 1.24 286 0.00940 7.01
cross section is not required in the analysis as shown in eq 4. 222 0.747 1.27 288 0.00790 8.29
The absorption cross sections and quantum vyields at the 224 0.648 132 290 0.00662 8.68
photolysis wavelengths used in the data analysis are taken from 226 0.569 137 292 0.00551 9.08
Harwood et al® for N,Os, Talukdar et af. for PAN and this 228 0.496 1.44 294 0.00462 9.49
’ 230 0.436 1.52 296 0.00389 9.91

work for PPN. 232 0.383 1.60 298 0.00325 103
Materials. The carrier gas was {UHP). PAN and PPN 234 0.336 1.70 300 0.00273 10.8
samples were prepared and stored in tridecane solvent as 236 0.295 181 302 0.00228 11.2
described by Williams et & The PAN and PPN gas flow 238 0.258 1.93 304 0.00192 11.7
through the cell was controlled by regulating the carrier gas gig 8'%2 g'gg ggg 8'88125 13623
flow over the liquid sample, which was, held at temperatures 544 0.174 235 310 0.00114 132
in the range 269273 K. N;Os was prepared by the reaction 246 0.153 2.51 312 0.000962 13.6
between @and NQ and stored at 195 K. D5 was delivered 248 0.135 2.68 314 0.000835 14.2
to the reaction cell by passing the carrier gas over the solid. 250 0.119 2.86 316 0.000689  14.7
Gas flow rates for the photolysis experiments were controlled 352 0.105 3.05 318 0.000571 15.2
by stainless steel needle valves and measured by electronic mass >4 0.0927 3.25 320 0.000491 158
- 256 0.0823 3.47 322 0.000443 16.3

flowmeters. The total pressure in the cell was 520 Torr and 258 0.0728 3.69 324 0.000354 16.9
was measured with a 1000 Torr capacitance manometer. All 260 0.0644 3.92 326 0.000282 17.5
measurements were made at room temperatu?86 K. 262 0.0566 4.17 328 0.000242  18.1
264 0.0496 4.42 330 0.000206 18.7

- - 266 0.0435 4.69 332 0.000174 19.3

3. Results and Discussion 268 00380  4.96 334 0000146  19.9
PPN UV Absorption Cross SectionsThe UV absorption g;g 8-833% géi ggg 8-g88(1)88 ggg
cross sections of PPN were determined at 296, 273, and 253 574 0.0248 e 340 0.000066 518

K. Cross section determinations at temperatures lower than 253

K were not performed due to limitations imposed by the PPN 2 Units of 108 cn? molecule™. ® Units of 102 K-,

vapor pressure. The measured spectra are shown in Figure lvia a least-squares fits to determirigA). This empirical

The spectra show a wavelength-dependent systematic decreasgarametrization method was also used in our previous study of

in absorption cross section with decreasing temperature. Thethe PAN UV absorption spectrufiThe room-temperature PPN

temperature dependence of the cross section values wasross sections and tiB¢4) values derived from the fits are listed

parametrized to the form in Table 1 at 2 nm increments over the wavelength range-210
340 nm. The calculated spectra reproduce the measured spectra

In[(o(X,T)/0(4,296 K)] = B(A)(T — 296) (5) well within the measurement precision (see below).
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Figure 2. Comparison of the PPN (GEH,C(O)OONQ) cross L L
sections measured in this work (solid line) with those reported by Senum 0.0 1.0 2.0 3 3.0 4.0
et all* (squares). The quoted uncertainty in the Senum et al. data is Time (107 s)

~10% at all wavelengthsThe estimated (@ uncertainty in the PPN
cross sections from this work at 248 and 308 nm are 10 and 15%,
respectively (see text). For comparison, we have also shown the PAN
(CH3C(O)OONQ) spectrum (lower line) reported by Talukdar efal.

Figure 3. NO; temporal profiles measured following the 248 nm
photolysis of PAN (CHC(O)OONQ) and PPN (CHCH,C(O)OONQ)
(dots) in 520 Torr M. The solid lines were calculated using the chemical
reaction mechanism described in the text.

The uncertainty in the PPN cross sections is determined by TABLE 2: Summary of NO 3 Quantum Yield Measurements
the accuracy of the measuremeitt)(0003 absorbance units), 248 nm 308 nm
the absorption cell path length:(0.5 cm), accuracy of the NO
spectral subtraction (wavelength dependent), and the purity of Mlecule  o248nm)  ®(NO;)  o(308nm)  Pi(NO)
the PPN samplex(95%). UV and infrared reference spectraof =~ PAN ~ 1.46x 107 0.19+0.04 8.16x 10?2 0.414+0.10
the most likely organic impurities in the PPN synthesis, PPN~ 1.36<107% 0.22+0.04 1.38x 10 0.3940.04
propionic anhydride and propionic acid, were recorded. Both N2Os  4.19x 107 0.80 24107 1.0
molecules are relatively weak UV absorbers. On the bases of ?2Uncertainties are @ of the measurement precision.
the simultaneous UV and infrared measurements of the PPN
sample, spectral interference in the UV from these compoundsFigure 2). These systematic differences in absorption spectra
was below our detection limit. The purity of the PPN sample With increasing carbon chain length have also been observed
was estimated from measurements of Ni@purities using the ~ for the alkyl nitrates, comparing methyl to ethyl nitr&t.
methods described by Williams et@land the above measure- NOs Quantum Yield Measurements.Representative N9
ments of the main organic impurities, the anhydride and the temporal profiles measured following the pulsed photolysis of
acid. The 2 uncertainties (95% confidence level) in the PPN PAN and PPN at 248 nm are shown in Figure 3. ThesNO
cross sections are estimated to be 10% at 210 nm, 10% at 24goncentration is highest immediately following the photolysis
nm, and 15% at 308 nm. pulse and decayed over the next 4 ms of the measurement. The
Only Senum et a4 have previously reported UV absorption NOs decay rate was observed to be dependent on the concentra-
cross sections of PPN. In their study, UV spectra were recordedtion and identity of photolysis products as described below. The
using a scanning monochromator and absolute pressure mealNOs profiles recorded following photolysis of PAN and PPN
surements were used to determine the absorption cross sectiongt 308 nm showed no measurable decagp s, due to the
for PPN. Their PPN cross section data are shown in Figure 2 low initial NO3 concentrations. For quantum yield calculations,
for comparison with the values determined in this study. Our €d 4, the N@ signal measured immediately following the
PPN cross section values are systematically larger than thosgdPhotolysis pulse was used.
of Senum et al. throughout the entire wavelength range common The NG; quantum yield results are summarized in Table 2.
to both studies. The difference in cross section25% at 250 ~ The quoted quantum vyield values are the average of 10
nm and becomes even larger at longer wavelengths. The |ongindependent determinations where the uncertainties are 2
wavelength region of the absorption spectrum is the most standard deviations. The absorption cross sections a@ N
difficult to measure accurately due to the N€pectral inter-  photolysis quantum yields used in the data analysis, eq 4, are
ference and the small cross section values. Therefore, it is notalso given in Table 2. The NOguantum yields for PAN and
surprising that this region shows the largest disagreements. The®PN have nearly identical value®pss(X) values of 0.19 and
same systematic difference in cross section values was found0.22 andfbggg(x) values of 0.41 and 0.39 were determined for
in our previous studies of PANvhen compared with the PAN ~ PAN and PPN, respectively. These measurements show that the
absorption cross sections reported by Senum ¥tialthe same NO; yield increases, approximately a factor of 2, from 248 to
study. 308 nm. Therefore, in the wavelength range most important for
The PPN spectrum is continuous over the entire wavelength photolysis of these compounds in the atmosphere;-3838 nm,
range and closely resembles the shape of the PAN spectrum athe NG; yield in the photolysis is significant.
wavelengths less than 280 nm. At longer wavelengths the PPN Our NG; quantum yield value for PAN photolysis at 248 nm
cross sections are systematically larger than those of PAN (seecan be compared with the value recently reported by Mazely et
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all® Mazely et al213 detected N@ and NG photofragments  Rate coefficients for the reactions
following PAN photolysis at 248 nm using laser-induced

fluorescence detection at total pressured0 Torr. Their CH;C(O)OO+ NO;— CH; + CO, + O, + NO, (9)
measurements were quantified relative to H\tBotolysis for

NO; and NOs photolysis for NQ. These measurements show CH; + NO; — CH;0 + NO, (10)
the quantum vyield for PAN photolysis at 248 nm to be near

unity with a significant yield of N@. They report@ﬁ'f;(PAN) CH,CH,C(0)OO+ NO; — CH,CH, + CO, + O, + NG,

= 0.3+ 0.1 while using®)23(N,Os) = 1 in the data analysis. (12)

The quoted uncertainty iso2of their measurement precision.

Recent studies from our laboratéfhave determined the NO and

yield for N,Os photolysis at 248 nm to be less than one. Using

the results from Harwood et al. and consideration of other CH;CH, + NO; —~ CH,CH,O + NO, (12)

previous measuremeftsleads to a value ofb)i(N2Os) = h b din the I q ied in th
0.80+ 0.1. Scaling the Mazely et al. N@ield to this value of ave not been reported in the literature and were varied In the

BY%(N,0:) producesbi%(PAN) = 0.38, which yields excel-  Simulations. Other rate coefficients used in the simulation were

. taken from DeMore et & The calculated N@profiles shown
o i?;esr?;f;;gg‘gfﬁ,lwe two higuantum yield values for - "cio e 3 "solid lines, were obtained wik = 1.7 x 10711,
i = 12 = 12 12 i
NO, and NQ can be produced through several photolysis klo.t SfX r%?o_ ’lkll | ? ><_110‘Th, andkltg <1 >;f10‘ N (@all in ;
channels in PAN photolysis (see Mazely etHior discussion). units of et molecule™ s75). These rate coefficients are no

The measurement of photolysis fragments other than &@ uniquely determined from such a Iim!ted dat_a set but have
NOs, in particular O atoms, would help identify the relative reasonable values when compared with previously measured

significance of these various channels. Currently the difference NOs rate coefficients with alkylperoxy and alkoxy radicas.

between N@and NQ production is thought to be of only minor ;I;]herefore,t tze ﬁbsgr¥ed Ng)lecays C?)In betlnterp]{fgtgd tuzlntg
consequence in atmospheric chemistry (see discussion Beldw). € expected chemistry and reasonavle rate coetticient data.

: . : Atmospheric Implications. Most numerical models of N©
There are no PPN photolysis product studies reported in the . .
literature with which to compare our measurements. HC chemistry that have included PAN and PPN have focused

NO; Decay Analysis. The measured Ngdecays following on the polluted lower troposphere. Models of global tropospheric

248 nm photolysis of PAN and PPN show significant decay chemistry have simulated PAN concentrations, but only a few

; 4 ;
rates under certain conditions. We have evaluated these temporakllave attempted to simulate PPN as v Identical loss rates

profiles, in the section below, to evaluate if the observed; NO are assumed for PAN and PPN due to thermal decomposition,

decays are reproduced with the expected radical chemistry ancgasigr(:]g:ﬁgfrfgggﬂggg ;T%‘éﬁ% tli;em;? giwzﬁgn;ivl\\l"thm
rate coefficients. First, the upper limit for the N®rst-order Xper! u INUES. ytic 10ss

loss rate observed following the 308 nm photolysis of PAN and are often assumed to _be the same or are est!mated from the
PPN was<10 s. This places an upper limit on the rate data of Senum et &f which actually results in a slightly slower

.- - . rate for PPN photolysis. Products of PAN and PPN photolysis
coefficient for the reaction of N§with PAN and PPN have been assumed to be the peroxyacetyl (PA) radiddO,.

NO, + PAN/PPN— products ©) There are two important points relating to the PPN UV
absorption cross sections to be noted. First, the atmospheric
of 2 x 10716 cnP® molecule® s These measurements also Photolysis rate of PPN calculated using the UV absorption cross

provide a limit on the first-order loss of NQiue to reaction ~ Sections determined in this study will be significantly larger

with the NG, impurity via than that reported by Senum et'&lFigure 2 shows the PPN
absorption cross section data measured in this and that taken
NO, + NO;+ M < N,O; + M (6) from Senum et a}* Photolysis rates will be a factor of 10 larger

using the present cross section values. Second, the atmospheric
and show that reaction 6 does not make a significant contribution photolysis rate calculated for PPN is also significantly different
to the observed decay. (The Nnpurity level is greater than  than that of PAN. The red shift of the PPN spectrum relative to
the NG produced in the 248 nm photolysis experiments.) The PAN significantly increases the atmospheric photolysis rate of
NO; decays following 248 nm photolysis, Figure 3, are PPN relative to PAN. For example, the photolysis rate of PPN
nonexponential and the rates are dependent on the initial radicalat 4 N in the summer time at 17 km is about twice that of
concentration. Also, the NfOdecay rates following PPN  PAN. Therefore, PPN is less efficient than PAN for long-range
photolysis are slower than observed with PAN at the same initial transport of NQ and treating them the same in atmospheric
NOjs concentration. To understand the N@ecays, we have  model calculations would lead to systematic errors. Concentra-
numerically simulated the N¢profiles (heavy lines in Figure  tions of PPN relative to PAN have been measured mostly in
3) assuming (1) only the GI&(0)O0O+ NO, and CHC(O)O the polluted continental troposphere, with only a few observa-

+ NOj3 channels for PAN photolysis and only the gEH,C- tions in the remote atmosphere. Anthropogenic @ chem-
(O)O0 + NO; and CHCH,C(0O)O + NO3 channels for PPN istry appears to produce PPN/PAN ratios on the order ef 12
photolysis are active and (@2‘03(PAN or PPN)= 0.2. 20%?28while biogenic hydrocarbon production of PAN can shift
Under our experimental conditions both the £X0O)O and the ratio to lower values. Observations in the remote troposphere
CH3CH,C(O)O radicals rapidly decompose show values of a few percent or bel&fv2® While a number
of factors must be considered, e.g., the availability of precursors
CH,C(O)O— CH; + CO, @) in the remote troposphere, these observations are consistent with
a faster photolysis rate for PPN relative to PAN.
and The atmospheric significance of the PAN quantum yield

measurements was evaluated with a photochemical box model
CH;CH,C(0)O— CH;CH, + CO, (8) including a detailed tropospheric HONOs—hydrocarbon
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mechanisn?® The model was initialized with median back- In the lower troposphere, thermal decomposition is the
ground upper tropospheric {82 km) observations from the  dominant PAN sink and the impact of changes to the photolysis
subsonic assessment ozone and nitrogen oxide experimenthannels are not significant. In the stratosphere, the NQ/NO
(SONEX}0 and an altitude of 10 km. Each modeled compound’s ratio is smaller and PAN reformation via reaction 1 is more
time evolution was affected by only photochemical reactions; favorable than in the upper troposphere. We estimate that
no physical or dynamical processes, with the exception of accounting for the N@photolysis channel would decrease the

aerosol uptake of Nand NOs, were considered. PAN
photolysis rates were calculated with a radiative transfer ribdel

using the temperature-dependent absorption cross sections of

Talukdar et aP extrapolated to the temperature of the input data
(227 K). Other relevant rate coefficients were taken from
DeMore et aP? The quantum vyield of the NQphotolysis
channel of PAN, reaction 2b¢no,, was assumed to be
wavelength-independent. Three model cases were¢ng; =

PAN lifetime in the lower stratosphere by as much as 20%.
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