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Abstract. The chemistry of peroxynitric acid (HDIO,) of HOoNO,+CH302NO; to better than 35% below 240 K
and methyl peroxynitrate (C4#D2NO») is predicted to be where the concentration of these species is largest.
particularly important in the upper troposphere where tem-
peratures are frequently low enough that these compounds

do not rapidly decompose. At temperatures below 240K, )

we calculate that about 20% of NOin the mid- and 1 Introduction

high-latitude upper troposphere is H@O,. Under these

conditions, the reaction of OH with HMIO, is esti- Reactions of hydrogen radicals (REOH+HO,, and RQ)
mated to account for as much as one third of the perma@nd nitrogen radicals (NG=NO+NOQ,) affect atmospheric
nent loss of hydrogen radicals. During the Troposphericcomposition and climate by regulating global tropospheric
Ozone Production about the Spring Equinox (TOPSE) cam9Z0ne and the Earth’'s oxidative capacity. Peroxynitrates
paign, we used thermal dissociation laser-induced fluo{RO2NOy) link these chemical families, thereby influencing
rescence (TD-LIF) to measure the sum of peroxynitratestmpOSpheriC ozone production and the abundance of OH in
(EPNs=HO,;NO»+CH30,NO,+PAN+PPN+. ..) aboard the both the troposphere and stratosphere. Non-acyl peroxyni-
NCAR C-130 research aircraft. We infer the sum of trates such as HENOz and CHO2NO; are increasingly im-
HO,NO, and CHO,NO, as the difference betweeniPN portant at temperatures below 240 K, because the molecules
measurements and gas chromatographic measurements of tAEe very weakly bound95 kJ/mol) and rapidly dissociate at
two major peroxy acyl nitrates, peroxy acetyl nitrate (PAN) higher temperature. Consequently these molecules are most
and peroxy propionyl nitrate (PPN). Comparison with NO important in the stratosphere and upper troposphere.

and other nitrogen oxide measurements confirms the im- Knowledge of the chemistry of alkyl RDIO; species
portance of HGNO, and CHO,NO> to the reactive ni- is limited because they are difficult to isolate in the labo-
trogen budget and shows that current thinking about theatory or to observe directly in the atmosphere. Remote
chemistry of these species is approximately correct. Dur-S€nsing measurements of peroxynitric acid concentrations in
ing the spring high latitude conditions sampled during thethe stratosphere show that RO, mixing ratios peak at
TOPSE experiment, the model predictions of the contribu-approximately 200 ppt near 27 km altitude (Rinsland et al.,
tion of (HO;NO»+CH30,NO3) to NO, are highly temper- 1986; Rinsland et al., 1996; Sen et al., 1998). The only
ature dependent: on average 30% of N&@ 230K, 15%  other measurements are from the Antarctic surface where
of NOy at 240K, and<5% of NO, above 250K. The tem- Slusher et al. (2001) used chemical ionization mass spec-
perature dependence of the inferred concentrations corrolfrometry to observe HENO2mixing ratios on the order of
orates the contribution of overtone photolysis to the photo-20 ppt, showing they were nearly equal to nitric acid mixing
chemistry of peroxynitric acid. A model that includes IR ratios. Recent OH and HOneasurements made in the lower

photolysis (J=k10°s~1) agreed with the observed sum stratosphere at high solar zenith angles (SZA) indicate that
there is a source of HOthat dissociates following absorp-

Correspondence tdR. C. Cohen tion of low energy photons (Salawitch et al., 1994; Wennberg
(cohen@cchem.berkeley.edu) et al.,, 1999). Overtone photodissociation of #ND», as
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378 J. G. Murphy et al.: Measurements of the sum 06NO, and CHO,NO;

suggested by Donaldson et al. (1997), can explain part offhornton (2002). Briefly, TD-LIF relies on a heated inlet

the HQ, source required to account for these observationd50ms residence time at 180) to dissociate RENO»

and some of the temporal variability seen in remote sensto yield NO, and RQ. The resultant N@ is quantified

ing of HO,NO» (Salawitch et al., 2002). These observations along with ambient N@ using laser-induced fluorescence

and calculations of HeNO, abundances and their effect on (LIF). By operating the heated inlet in parallel with an inlet

stratospheric HQ have been the impetus for revisiting the maintained at ambient temperatud@PN mixing ratios can

long-wavelength photolysis and kinetics of peroxynitrates inbe derived from the difference between the N€ignals of

the laboratory (Knight et al., 2002; Roehl et al., 2002; Zhangthe two channels. In addition to acyl and non-acyl peroxyni-

etal., 2000). trates, NOs will also dissociate in the heated inlet, though

Here we describe the first in situ measurements of thesave expect it was removed through contact with the walls

peroxynitrates in the free troposphere. The measurementgrior to the heated portion of the inlet, and made a negligible

were made during the Tropospheric Ozone Production aboutontribution to NG in the low NG, conditions sampled

the Spring Equinox (TOPSE) experiment (Atlas et al., 2003).during TOPSE. NQ species such as alkyl nitrates and nitric

TOPSE flights focused on tropospheric sampling over mid-acid have significantly higher O-NObond energies than

to high-latitude continental North America during the winter peroxynitrates and would not have dissociated under the

and spring of 2000. Data used in this paper are limited toinlet conditions used.

latitudes north of 50N and altitudes above 500 m to avoid  The first third of the campaign was used to test and im-

the effects of recent surface emissions or losses. The datgrove some aspects of instrument performance. High time

were collected during the daytime at temperatures betweeresolution measurements of MQchannel 1) andxzPNs

220 and 290 K. Analysis along chemical coordinates (COheI”(channeI 2—channel 1) were obtained simultaneously and

et al., 2000), in this case temperature andN&nd consid-  continuously during the final nineteen flights of the TOPSE

eration of the N@ budget are used to evaluate current un- experiment. The precision of the measurements for a

derstanding of photolytic and thermal decomposition rates] min average in each channel under optimal conditions was

of HO2,NOz and CHO2NO5. 420 ppt which is dominated by uncertainty in the instrument
zero. Under some conditions, usually after steep altitude
changes, the apparent precisiortiS0 ppt. The precision

2 Instrumentation of =PNs is given by:

NOy and its components were measured from the NCAR
C-130 aircraft during the TOPSE experiment. Ridley et
al. (2000) measured NO, NCand NQ, by conversion to , , i i
NO followed by G+NO chemiluminescence. The N@ea- and for a typical scenario (PNs) 'Si,zs ppF for 1 min av-

surements were precise 404 ppt and accurate to 5%.1C eraging. The accuracy of channel 1 is estimated to be 10%

C, alkyl nitrates £ANS) were quantified by GC analysis of and the accuracy of channel 2 to be 15%. The accuracy of

whole air samples (Blake et al., 2003). In our analysis, thethe 2 PNs is estimated to be 15% since the accuracy of the

sum of G—C;z alkyl nitrate observations was linearly inter- _two channels is largely correlated and most of the signal is

polated to a 1 min time base. Nitric acid was measured us" channel 2. While TD-LIF N@ measurements were used

ing a mist chamber followed by ion chromatography (Tal- fﬁrcalculatinr?EPlN,_in trr:e m_clndel_calculations below we use f
bot et al., 1990). PAN and PPN were measured in situ byt e NCAR photolysis-chemiluminescence measurements o

the NCAR Gas Chromatography with Electron Capture De-NO? because of their supgr(ijor.precision in the low concen-
tection (GC-ECD) instrument. The PAN and PPN measure-tration ranges encountered during TOPSE. TD-LIF measure-

ments represent 1-3s samples with a precisioft®ppt at ments were, on average, 20 ppt higher than chemilumines-
20 ppt, +3 ppt at 100 ppt+5-7 ppt at 500 ppt. The accu- CENCE measurements of N®ut theX PN measurements are

racy of the PAN and PPN measurements is 10% Becausihe difference between two channels, and observations with
the PAN and PPN measurements were made witﬁ the samie inlet heater turned off confirm that both channels measure
instrument, we assume their uncertainties are correlated, thdf€ Same amount of NO _ . .

is, if necessary, both could be brought to the “true” value by ~Measurements suggest that PAN is the dominant contribu-
multiplying by a single constant. During a five minute inter- tion to PNs and that PPN is the only other major acyl per-

val, two PAN measurements and one of PPN are obtained. OXynitrate in the air sampled during TOPSE. In order to infer
A two-channel thermal dissociation laser-induced @bundances of non-acyl peroxynitrates (hereafter referred to

fluorescence (TD-LIF) instrument was used for ob- @SAPNS) we subtract speciated measurements of PAN and
servations of total peroxynitratesSPNs=PAN+PPN+ PPN obtained by the NCAR GC-ECD instrument from the

HO2NO2+CHsO;NOp+...) and of NQ. TD-LIF is de-  1D-LIF measurements GLPNs.
scribed in detail in Day et al. (2002). The specific instrument
configuration used during TOPSE is described in detail byAPNs=2PNs-PAN—PPN (2)

o (ZPN9S=[(ochannel ])2 + (Cfchanneléz]l/2 1)

Atmos. Chem. Phys., 4, 377-384, 2004 www.atmos-chem-phys.org/acp/4/377/
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We averaged 1 min of TD-LIF data about each PAN measure- 2.0
ment and interpolated PPN to generate a dataset of all species
coincident in time at 1 min resolution.

The uncertainty ilMPNs has components associated with
both the precision and accuracy of the TD-LIF and GC mea-
surements. In what follows, we do not draw any conclusions
based on individual measurements, rather our conclusions
are based on averages over a large enough sample that uncer-
tainty in mean quantities is entirely a function of the instru-
ments’ accuracies. The techniques are thought to be accurate
to 10% (GC) and 15% (LIF) and for both techniques one
single multiplicative correction (if it could be known) would
bring the observed values to the “true” values (to within the
precision uncertainty). The accuracy of these instruments de-
pends on a chain of calibration that connects to NIST trace-
able reference standards of NO or J@n the accuracy of
flow controllers used to dilute these standards and on titration
reactions. None of these factors depend on environmental pa-
rameters. Thus the associated accuracy in the average value
of a combined quantity like\PNs adds in quadrature, since
the accuracy of the GC and LIF measurements are assumed
to be uncorrelated, resulting in a combined accuracy of 18%.
The random error associated with an individed#®Ns mea-  rig 1. (a) Humidity trend in ratio of LIF to GC measurements

surement is obtained by standard propagation of error baseg@here HQNO, is predicted be less than 10% of PAN) Ratio

1.5

1.0 1y

PNs (LIF) / PAN + PPN (GC)

Corrected PNs (LIF) / PAN + PPN (GC)

Relative Humidity %

on Eq. (2); after the humidity-dependent correction has been applied.
o (APN9=[(o5png? + (0pan)? + (oppN)?] Y2 3)
which results in an uncertainty &f29 ppt. by this factor. This removed the humidity bias (Fig. 1b).

In contrast to the expectations outlined above, Fig. 1aThroughout the remainder of this paper we use these adjusted
shows that the two techniques differ by 35% at high rela-datasets. Applying the factor C to the two data sets alters
tive humidity and agree at low humidity. In the top panel them by 12% on average (+12%PNs and-12% PAN and
of Fig. 1, the ratio of S PNs/(PAN+PPN) is plotted versus PPN). The modelledAPNs show no trend with relative hu-
humidity for data that calculations suggest have negligiblemidity and the conclusions of this paper would be unchanged
amounts ofAPNs (APNs less than 10% of PAN). This figure if a larger correction had been applied to one or the other in-
includes more than half the observations in the dataset. Thetrument. Using Eq. (2) with the corrected datasets provides
absolute difference is larger than expected and the accurac}433 1-min measurements APNs, which calculations sug-
is not observed to be independent of environmental paramegest are predominantly HOIO, and CHO2NO,. We esti-
ters. One or both instruments are not accurate to within themate the uncertainty inPNs is 25%.

10 or 15% quoted. Measurements of Nand comparison to the sum of in-

Neither technique is known to have a humidity-dependentdividual NQ, compounds XNOy) provide another means
bias or interference of this magnitude. We examined a wideto evaluate the relative calibration of the GC-ECD, TD-LIF
range of variables and considered many possible sources @nd NG, techniques, as well as our ability to inf&fPNs
instrument error in the effort to understand the calibrationfrom the adjusted difference of the two sets of measure-
difference between the instruments. Humidity provided thements. Figure 2 demonstrates the importance obKQ)
clearest correction. Applying a constraint that in the reactive nitrogen budget and the ability of TD-LIF
APNs> 0 @) APN measurements to account for thi§ compqund. The ra-

- tio XNOyi/NOy with the above correction applied to each
permits the derivation of a constant that implicitly couples peroxynitrate dataset, is plotted against fraction of,Mi@at
the calibration constants for the two instruments and cor-is predicted by a model to be HRO,. The ratio where
rects for this difference as a function of humidity. A correc- ©NOy;=NOx+XANs+HNOz+PAN+PPN (gray circle) de-
tion factor, C=(1+0.002%%6RH), was generated that brings creases from a value above 1.1 whai@Ns are insignificant
the average (PAN+PPNJPNs near one wheAPNs are in-  to close to 0.8 where HENO» contributes a substantial frac-
significant. Since we have no reason to apply the correctiortion of total NG,. Conversely, the Npbudget using TD-LIF
to one or the other instrument, the TD-LIF data was multi- measurementENOy;=NOy+XANs+HNOz; + X PNs (black
plied by the correction factor C, and the GC data was dividedsquare) is approximately a constant 1.2 This suggests that

www.atmos-chem-phys.org/acp/4/377/ Atmos. Chem. Phys., 4, 377-384, 2004



380 J. G. Murphy et al.: Measurements of the sum 06NO, and CHO,NO;

Uncertainties associated with this chemistry are large. For
16 example, for the thermal decomposition of piGD, the JPL
panel recommends an uncertainty factor of 5 at 298 K and of
- 13 at 230K (Sander et al., 2003). Recent laboratory mea-
1.4 surements of the UV (Knight et al., 2002) and IR (Roehl et
al., 2002) cross sections of peroxynitric acid greatly improve

1 N
o { l l lﬁ our understanding of its photolysis rate=R7), although
| !

- 1.2

CRER

0.8

N the temperature and pressure dependencies of the quantum

yield require further investigation. We know little about the

photolysis of CHO2NO,.

* } ﬂ * { We use an instantaneous steady state model represent-
1

= NO_/NO

yi
—c—
=
= .y
|

ing R5-R8 to predict the abundances of #ND, and
CH302NOs.

L

—t—,
—C—

1 ks[HO2][NO2][M]
HO2NO;]ss= 9
0.64— . . . . (RONC2lss™ M1+ 77+ kelOHI ©
0.0 0.1 0.2 0.3 0.4 0.5

Modelled HO,NO, / NO, [CHaO,NOy]gg= 8 LCHI02IINO2IM] (10)

ST kg MI+J7

Fig. 2. ¥NOy;/NOy vs calculated HGNO2/NOy, using ZNOy;= -
NOx +HNOg+SANs +PAN+PPN §) and TNO; =NOy+HNO3 Measurements of N the spectrally resolved actinic flux,

+SANs+SPNs @). The data were averaged within.04 of  t€mperature, and pressure are used in the calculations. As a

HO,NO,/NOy and the error bars represent twice the standard deviresult of the low mixing ratios of N©(50% of the obser-
ation of the mean. vations have N@ below 11 ppt) the precision of the model

calculations are roughly proportional to the precision of the

. _ NO2 measurements, for exampted0% at 10 ppt N@. Al-
our PN measurements account for the predicted contnbu-[hough OH and H@were measured during the TOPSE cam-
tion of HO;NO; to the reactive nitrogen budget. If the mod- paign, the observations were too infrequent to use in the
elled APNs are added to the PAN and PPN measurementsy,odel. Steady state concentrations of OH,24&hd CHO,
the averag&NOyi/total NG, ratio over the whole campaign  ere calculated using the photochemical model described by
is 1.2. If the humidity correction is not applied to the data, cantrell et al. (2003), which included the steady state equa-
the ZNO,i/NOy ratio using thexPN measurements is a con- tjons for H,NO, and CHO,NO,. Four individual cal-
stant 1.1, and the ratio using PAN+PPN varies from abovegjations in which radicals and reservoirs were solved self-
1.2 whereAPNs are insignificant to 0.8 wherePNs are cal-  congistently were used to investigate the main sources of un-
culated to be 45% of N certainty in the kinetics of HENO,. Rate constants used in
the model are from the JPL-2000 recommendations except
for the self-reaction of H@ (Christensen et al., 2002) and
for the reaction H@+O3 and OH+Q for which we use JPL-

Peroxynitrates are formed when an B@dm:a' (Where R:H, 97 recommendations (See Lanzendorf et al., 2001) Photol-
alkyl, or acyl group) reacts with N&Reaction 5). Inthe re-  YSis rates were determined using measured actinic flux and
mote atmosphere, F@.nd Cl—koz make up a |arge fraction made use of the recent molecular data fQOG) (Sm|th et

of RO,. Sinks of HQNO, and CHO,NO; include thermal ~ al., 2002) and HENO; (Knight et al., 2002; Roehl et al.,
decomposition (R6), photolysis (R7), and for XD, reac-  2002). The UV cross section of GB2NO; is assumed to
tion with OH (R8). Note that the products given for reaction be equal to that of HENO,. The thermal decomposition

8 have not been measured. Models all assume that water & CH3O2NO2 dominates down to 220K, so we need not
a product of R8 and consequently that R8 is a sink for,HO consider any potential IR overtone photodissociation from

3 Model description and comparison to observations

radicals. the CH groups present in the molecule. In the first calcu-
lation (Model A), the IR photolysis rate of HDIO; is set
RO + NO2 + M — RO:NOz + M (®)  at 1x10°°s71, slightly higher than the recommendation of

8.3x10 %s~1 from Roehl et al. (2002), which was given for
RO:NOz +M — RO, +NOz + M (6) a system with no albedo. In a second calculation (Model B),
(7a) the IR photolysis rate for HOINO, was set to zero. In two

RO;NO2 + h R NO : "
O2NOz + hv — RO, + NO2 separate calculations, the rate of thermal decomposition of

or — RO+ NOs (7b) HO,NO, was varied to the maximum (Model C) and min-
imum (Model D) limits given in JPL-2003. Model A, with
HO2NO2 + OH — H20 + NO> + O2 (8) standard thermal decomposition and including IR photolysis,

Atmos. Chem. Phys., 4, 377-384, 2004 www.atmos-chem-phys.org/acp/4/377/
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= ® NO,>11 ppt
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Measurement - Model (ppt)

-200

APN (ppt)

Model A - with J . |
-300 ‘ ‘ : ; : ; :
230 240 250 260 270 280

Temperature (K)

-200 ———= : —nn :
220 230 240 250 260 270 280 Fig. 4. Difference between measured and modelteleNs for a
Temperature (K) model without IR photolysis (upper panel) and a model including IR
photolysis for HQNO, (lower panel). The black squares represent
Fig. 3. (upper panel) lifetime of HGNO, with respect to thermal  the median of each 5K bin and the error bars are twice the standard
decomposition (O) and the sum of photolysis and reaction with deviation of the mean.
OH () and of CH;O2NO> with respect to thermal decomposition
(O) and photolysisl). (lower panel)APN measurementdl) as
a function of temperature, averaged into separate temperature binsal profile, making the model steady state predictions reason-
for NO2<11 ppt (O) and for NG>11 ppt @). able estimates. To help avoid any bias due to being strongly
out of steady state, model results in which the lifetime of
either compound exceeded twelve hours were discarded, un-
calculates peak HENO, and CHO2NO, mixing ratios dur-  |ess there were more than 20 hours of sunlight per day at that
ing the last 19 flights of the TOPSE experiment that range asocation.

high as 300 ppt and 100 ppt respectively. It predictgNO, In the lower panel of Fig. 3, tha PN concentrations in-
reaching as much as 50% of measured,@d CHO2NO2  ferred from our observations are displayed versus tempera-
as much as 15% of measured NO ture. The mixing ratios below approximately 250 K are larger

Figure 3 depicts the temperature dependence of the thetthan at warmer temperatures. The wide range of concentra-
mal and photochemical sinks of these two peroxynitratestions at each temperature derives partly from variation in the
The photochemical sinks (R7 and R8) are nearly independengbundance of H&) CHz0, and NG radicals in the airmass.
of temperature. HeNO; has a slower thermal decomposi- As an example, the large symbols are the ma&Ns within
tion rate and a faster photochemical loss tharG#NO; be- a 5K bin for NGO mixing ratios above (black squares) and
cause of its large infrared photodissociation cross section angelow (open circles) 11 ppt, which was the median Nir-
because its reaction with OH also contributes to photocheming the last 19 flights of TOPSE. On average, higher values of
ical loss. For HQNO, thermal decomposition becomes APNs were observed when N@nixing ratios were higher
faster than the photochemical sinks above 240K, while thethan average and vice versa. In addition to being proportional
crossing point for CHO2NO; is near 220K. One conse- to NO,, below 250 KAPNs are calculated to depend strongly
quence of this is that the lifetime of HIO, (~12hinsunlit  on the IR photolysis of HGNO,, which has only recently
conditions) is independent of temperature for the colder conbeen recognized as large enough to affect its atmospheric
ditions sampled during TOPSE. mixing ratio. Our data provides direct observational evidence

The instantaneous steady state model is valid only wherior this term. In the upper panel of Fig. 4 we show the dif-
the lifetime of the HGNO> or CHzO2NO> is short com-  ference between th& PN observations and model B (no IR
pared to the rate of change of its sources and sinks. Thiphotolysis) and in the lower panel we show the difference
is not always true for these peroxynitrates under the coldesbetweenAPNs and model A. The relative significance of IR
conditions sampled during TOPSE. However, many of thephotolysis increases strongly as a function of decreasing tem-
data points were collected at high latitudes during the lateperature and dominates over thermal decomposition as a sink
spring, where the photochemistry has a fairly shallow diur-of HO>2NO> below 235K. At 230K, the model without IR

www.atmos-chem-phys.org/acp/4/377/ Atmos. Chem. Phys., 4, 377-384, 2004
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o 4 L4 e) 11602 ation on the mean and a 1:1 line shown.
e} 4 . \ — 34 ’( ) 1 0"’
= w3 Y’ . . . . .
% 7_ * y 80 © Table 1 compiles the median contribution of each species
0 y y — y y 0 or group to the NOy budget during TOPSE for temperatures
50000 55000 60000 65000 70000 75000 above and below 240 K. Peroxynitrates were the most signif-
GMT Secs on May 22, 2000 icant fraction of NG under all temperature regimes sampled

_ _ ) _ . during TOPSE. Th&\PN predictions of Model A and Model
Fig. 5. Observations during a flight between Thule and Winnipeg g 5 e shown for reference to the observations inferred by
on 22 May 200Qa) APN measurementaj and predictions from S
M Y PNs-(PAN+PPN). The significance afPNs to NQ pre-

odel A (M) (b) NOy (¥), PAN+PPN (1), Y_PN (e) (c) HNO3 (a), ; o
NOy (&), > AN (O) (d) temperature (- -), % relative humidity (<) dicted by Model A and opsgrved agree to within a factor_of
(e)altitude (=), G (©). 2 above 240K and to within 35% below 240K. The ratio

2NOyi/NOy is between 1.1 and 1.25 using either TD-LIF
Y PNs or GC-ECD PAN+PPN and modella®PNs.

Figure 6 shows a direct comparison of calculations of
photolysis has, on average, 200 ppt more;NO»>than the  APNs and the observations for all flights in the analysis.
observedAPNs. There are specific events where modeledWithin the statistical variance, the observations and model
APNs exceed the measurements by 400 ppt without the inagree. However model predictions exceed the observations
frared sink of HGNO:». at higher mixing ratios and the fact that nearly all calculated

The model A peroxynitrate (HENO,+CHsO,NOy) pre- concentrations aboye 1SQ ppt are h|gher than observations

- ; . . suggests the effect is statistically reliable. If the steady state
dictions are compared 8PN measurements in a time series T . - .

. . . ~ approximation is correct, then this could indicate an error in
during a TOPSE flight on May 22 (Fig. 5 upper panel). This ; .

. 7 . the photochemistry of HENO, or the thermal decomposi-

flight between Thule and Winnipeg sampled a wide range,. . ;
. . . . “7tion of CH3O2NO,. We investigated the factor of 5-15 un-
of tropospheric conditions and encountered air of mixed L .
. . certainty in the HGNO, thermal decomposition rate at tem-
stratospheric-tropospheric charactes£Q00 ppb) near the . )
. S . peratures in the 220-298 K range. Model calculations (C,D)
end of the flight. HN@ and NG, make significant contribu- .

i 2 . X . that incorporated the most extreme values for rates of thermal

tions to NG in this particular airmass, which nonetheless has e : . .
o ) . decomposition predicted PN concentrations that differed at
quite high PAN mixing ratios. Th&PN measurements are . .
- most by 100 ppt, with the greatest effect occurring between
generally scattered around the model predictions and tend ta . .
; " 35 and 250 K. Both models were less consistent with the
be highest under the coldest conditions as expected based on . .
. . . B observations than Model A, but because M is largest
the chemistry described above. During this flight, N&hd L .
where thermal decomposition is slow compared to photolysis

APNSs are nearly equal. , . N

we are unable to define substantially more precise limits on

The figures above show th&tPNs vary as expected in the rate of thermal decomposition than recommended by the

response to two of the individual terms in the steady-stateJPL panel. We examined other possible effects but found no

equations (J and N£ and vary along a flight track as the single explanation that would bring the model-measurement
steady state calculation suggests they should. comparison into significantly better agreement.
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Table 1. NOy composition (500-8000 m) above and below 240 K during TOPSE flights between 6 April and 23 May 2000.

NOy; T<240K T>240K
%NOy %NOy
> PN¢ 90 86
PAN+PPN 73 76
Inferred APNs 17 10
Model A APNs 22 5
Model B APNs 34 5
HNO3 11 25
NOy¢ 5 8
Alky! Nitrates 4 4
2 _NOy; 2 -NOyi/NOy 3 NOy;/NOy
(NOx+>_ANs + HNO3+> PNs) 1.10 1.23
(NOx+Y_ANs + HNOg3 + PAN + PPN+ ModelAAPNSs) 1.15 1.18

@ TD-LIF measurements with humidity correction appli8d3C-ECD measurements with humidity correction applied,
¢ Chemiluminescence measurements

4 Discussion 5 Conclusions

] ) We describe observations APNs and demonstrate that they
Inthe upper troposphere, several studies (Folkins etal., 1997; o HQNO, and CHO,NO,. The observations show that
Jaegle et al., 2000; Jaegle et al., 2001) have described calyring the spring high latitude conditions sampled during
culations indicating that reaction of OH with HROz IS {he TOPSE experiment, the contribution®PNs to NG is

a dominant sink for HQ.~ Analysis of HG observations  pighly temperature dependent, wittPNs on average 30%

by Faloona e't. aI.. (2000) suggest that a model in whlch theys NOy at 230K and 7% of N@ at 250 K. The magnitude
HO2NO, equilibrium constant is reduced by a factor of five, 544 observed temperature dependence of the mixing ratios is
or with HONO, formation suppressed entirely, provides a ¢qnsistent with recent laboratory evidence that fhealue

more accurate representation of upper tropospherig 69 ¢, Ho,NO, has a large IR component. Prior analyses of the
servations than the standard model. We estimate that mcIuNoy budget in the upper troposphere that did not take into

sion of the IR photolysis of HENO, should have nearly the = 5:count HGNO, or the newy value should be revisited.
same effect on HeNO, concentrations at the altitudes where

most of the observations described by Faloona et al. (2000f\cknowledgementsiVe thank B. Ridley, F. Flocke, A. Weinheimer,
were collected. The main consequence is a decrease in tH¢ Blake, and R. Talbot for use of their TOPSE data. J. G. Murphy
modelled abundance of HBO,. However, the IR pho- acknowledges a NSERC PGS-B feIIowsh_ip and J. A. T_horntop
tolysis will have a distinctly different temperature depen- 2cknowledges a NASA Earth Systems Science Fellowship. This
cence han he suggested change t the equilrum consiar[ 2915 = b0 1P vork sepnoned b e Natond Seence
For the coldest conditions sampled during TOPSE, betweerrg,Olar Programs under Gram'NO_ 9907928,

220K and 240K, Model A, which includes IR photolysis,

predicts~10% more HQ than Model B, and also results in  ggited by: A. Hofzumahaus

slightly different HG, partitioning.

Another interesting aspect of HRO, and CHO2NO»
chemistry is their behavior as a short-term reservoir fox HO
and NQ radicals. Under sunlit conditions, the radicals and Atlas, E. L., Ridley, B. A., and Cantrell, C. A.: The Tropo-
alkyl peroxynitrates should reach steady state, yet once the spheric Ozone Production about the Spring Equinox (TOPSE)
sun sets, formation diminishes and the only remaining sink Experiment: Introduction, J. Geophys. Res.-Atmos., 108, 8353,
is thermal decomposition. During twelve hours of darkness d0|:8310.1029/2002JD003172_, 2003. _
in the upper troposphere at 240K, all the £}4NO, and B""I‘\l/l(e: N'd'J"S Bl\?vke, Dt. R.’o S\'/‘\’/e'Ali’l' C"E KftZiTSti'n’ FA' RS
over.half of the HQNO, will have thermally dissociated, re- dlg;rjaé. 'A.]"anénginwgr’]d, 'F. S ?;é séaébnacl)ce\?cl)lut.ibn ';)f
leasing on the order of tens to hundreds ppt ofsObland
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