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A laser flash photolysis-resonance fluorescence technique has been employed to investigate the kinetics of
the important stratospheric reaction®®(+ NO, — O, + NO (k;) as a function of temperature (22425

K) with particular attention paid to obtaining the most accurate values possibla(fgr The following
Arrhenius expression adequately describes the observed temperature depekgdhce:(4.21+ 0.25) x

10 2 exp{ (273 £ 18)/T} cm® molecule® s™1, where the uncertainties represent precision at thiezel. The
accuracy of the reported values fq(T) is estimated to be-6% over the entire temperature range investigated.

At room temperature the rate coefficient measured in this study is in excellent agreement with that reported
in a recent paper by Gierczak et al. Phys. Chem. A999 103 877] while the activation energy of the rate
coefficient is somewhat more negative than that reported by Gierczak et al. Incorporation of the results of the
present study into models of stratospheric chemistry would lead to somewhat lower mid-stratospheric ozone

levels than would be obtained using results of previous studies.

Introduction in ki(T) have been identified as a major source of uncertainty
in stratospheric modefsThe kinetics of reaction 1 were recently
reinvestigated by Gierczak et @lhese investigators obtained

a value fork;(298 K) that is 10% faster than the previously
recommended value, and report tkaincreases with decreasing
temperature more rapidly than suggested by earlier studies. The
findings of Gierczak et d.stimulated the present study of the
kinetics of reaction 1 with the goal of measuring this critical
rate coefficient to a high degree of accuracy over the temperature
range 226-425 K.

Active nitrogen constituents, primarily NO and M@ogether
known as NQ) play important roles both in the troposphere
and stratosphere. In the troposphere,x\N&necessary for the
photochemical production of OIn addition, NQ directly and
indirectly affects the concentration of the hydroxyl radical,
which is the primary tropospheric oxidant responsible for
converting many primary emissions to secondary products. In
the stratosphere, N&atalyzed destruction cycles in combina-
tion with those involving CIQ BrOy, and HQ radicals strongly

influence the concentration and vertical profile of.rhe In this study, kinetic information was obtained by monitoring
catalytic ozone destruction cycle the tgr_nporal_proﬂle (_)f oxygen atoms under_ pseudo-ﬂrs_t-order
conditions with NQ in large excess. Special emphasis was
O(3P) +NO,—~ O, + NO (1) placed on accurate determination of the N®©Oncentration and

on measurements & at stratospheric temperatures.

O,+ NO— 0O, + NO 2
3 2 2 ) Experimental Technique

Net: OFP)+ 0;,— 20, 3) The laser flash photolysis (LFP)-resonance fluorescence (RF)
apparatus used in this study was similar to systems previously

is the most important NQCcycle in the stratosphere. Reaction 1 €mployed in this laboratory to study atemmolecule reactions
is the rate-determining step in the cycle and it accounts for the involving O atoms? A schematic diagram of the current version
majority of odd-oxygen destruction in the 25 to 40 km altitude ©f the apparatus is published elsewhErémportant features
regimel Hence, it is desirable to knowi(T) with a very high of the apparatus and experimental approach that are specific to
degree of accuracy, especially at temperatures that are typicathis study are described below.
of the mid-stratosphere, i.e., 220260 K. A Pyrex, jacketed reaction cell with an internal volume of
While several studies of the kinetics of reaction 1 have been ~150 cn? was used in all experiments. The cell was maintained
reported in the literatur&;® the 1997 NASA panel for chemical  at a constant temperature by circulating ethylene gly€ot (
kinetics and photochemistry data evaluatisnggested thatthe 298 K) or methanol T < 298 K) from a thermostated bath
uncertainties inky(T) values remained much higher than de- through the outer jacket. A coppeconstantan thermocouple
sired, particularly at temperatures below 240 K. Uncertainties with a stainless steel jacket was periodically injected into the
reaction zone through a vacuum seal to measure the gas
* Author to whom correspondence should be addressed at School of temperature under the precise pressure and flow rate conditions
Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA 4t the experiment. The thermocouple was retracted during
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Oxygen atoms were produced by 355 nm laser flash pho- stream of the reaction cell. Using a partially reflecting optic,
tolysis of NG, using third harmonic radiation from a Nd:YAG  the output beam of the argon ion laser operating at 457.9 nm
laser (Quanta Ray model DCR-2A, pulse widt6 ns) as the was split into two approximately equal components which were

photolytic light source: then multipassed using White cell opfigthrough two separate
Pyrex absorption cells. The windows on the absorption cells
NO, + hv — O(3P)+ NO (4) had antireflection coatings (4600 nm) and the White cell

mirrors were coated for high reflectivity (42585 nm). For

At 1 = 355 nm, the yield of GP) in reaction 4 is known to be  these experiments, the upstream cell was 37.3 cm in length with
unity.” An atomic resonance lamp, situated perpendicular to the 52 passes of the laser beam and the downstream cell was 35.5
photolysis laser, excited resonance fluorescence in the pho-cm in length with 56 passes. The intensity of the laser light
tolytically produced atoms. The resonance lamp consisted of exiting the White cells was continuously monitored by separate
an electrodeless microwave discharge through Torr of a silicon photodiodes. To reference the signals from these two
flowing mixture containing a trace of On helium. The flow  photodiodes to the initial intensity of the laser, a thin, glass
of a 0.1% Q in He mixture and pure He into the lamp were optic was used to pick off a portion of the laser beam before
controlled by separate needle valves, thus allowing the total the beam splitter and direct it onto a third photodiode. Each
pressure and £xoncentration to be adjusted for optimum signal-  photodiode was equipped with a stack of thin Teflon diffusers
to-noise. Radiation was coupled out of the lamp through aMgF to prevent saturation. The detector signals were electronically
window and into the reaction cell through a Mgéns. Dry N amplified and processed through an analog-to-digital card in a
was used as a purge gas in the volume between the lamp windowpersonal computer. An electromechanical shutter allowed the
and the reaction cell lens to exclude room air and thus allow |aser beam to be periodically blocked in order to measure the
transmission of vacuum-UV radiation. small background for each detector. On a separate gas handling

Fluorescence from excited &) atoms within the reaction  system, the N@absorption cross section at 457.9 nm and room
zone was collected by a MgHens on an axis orthogonal to  temperature was measured using the sanidaser, a 37.4 cm
both the photolysis laser beam and the resonance lamp beamong absorption cell, and manometrically measured samples of
and imaged onto the photocathode of a solar blind photomul- NO,. Again, the light intensity of the laser beam exiting the
tiplier. The region between the reaction cell and the photomul- absorption cell was referenced to the initial intensity using a
tiplier was purged with dry Nand contained a Cafwindow pick-off mirror and a second photodiode. Absorption measure-
to prevent detection of Lymaa-emission from the resonance ments were made over a wide range of [J{0.11 to 0.87
lamp. The fluorescence signals were processed using photon-Torr), path length (1 to 5 passes of the laser beam), and total
counting techniques in conjunction with multichannel scaling. pressure (Nwas added for some measurements). The pressure
For each OP) decay rate measured, 568000 temporal  gauges used for these determinations were calibrated by the
profiles were co-added to obtain a well-defined temporal profile. expansion of known masses of various gases into the known
The multichannel analyzer sweep was triggered approximately volumes of the gas manifold and absorption cell. Results of
3.2 ms prior to the photolysis laser in order to determine the both methods of determining the N@oncentrations in the
background light level immediately before the laser flash. kinetics experiments are discussed below.

To avoid accumulation of photolysis or reaction products,  The N, used in this study was UHP grade with a minimum
all experiments were carried out under “slow-flow” conditions. purity of 99.999%; it was used as supplied. N@as prepared
The linear flow rate through the reactor was typically 3ct's by reacting NO with excess Oand leaving the mixture
and the laser repetition rate was typically 5 Hz. Since photolysis gyernight. NQ was then collected in a liquid nitrogen cooled

occurred on an axis perpendicular to the direction of flow, no trap while G and other impurities were pumped away. NO and
volume element of the reaction mixture was subjected to more o, had minimum stated purities of 99.0% and 99.996%,

than a few laser shots. The reactant and photolytic precursor,respectively.
NO,, was flowed into the reaction cell from a 12-L bulb
containing dilute mixtures in nitrogen buffer gas, while\Was
flowed directly from a high-pressure tank. The M, bulb
was blackened to prevent photolysis by room lights. 1. NO, Concentration Results. The NOQ, absorption cross

To minimize systematic error in the NCconcentration section at the argon ion laser wavelength (457.9 nm) was
measurement, two independent methods were employed. In oneletermined thirty-two times in order to maximize the precision
method, the flow of the N&N, mixture and the flow of pure of the measurement. These results are summarized in Figure 1,
N2 were both measured with calibrated mass flow meters. The where the calculated N(ross section is plotted as a function
concentration of N@was calculated using measurements of of absorbance. Two parameters were varied to ensure that the
the mass flow rates of the two components of the flow, the measured N@cross section was independent of initial condi-
total pressure in the reaction cell (measured with a 1000 Torr tions; these were the initial NOpressure and the total laser
full scale capacitance manometer), and the temperature in theabsorption path length. No systematic change in cross section
reaction cell. The mole fraction of NOn the NGQyY/N, mixture results was observed. The M€oncentration was corrected for
was checked frequently by UV photometry at 366 nm. The the formation of NO4 using the equilibrium constant recom-
photometric measurements were carried out on a separate highmended by the NASA panélThe corrections were very small
vacuum gas handling system employing a mercury penray lamp(<1%). Calibration of the pressure gauge used in the cross
and a photomultiplier tube equipped with an interference filter section measurements showed that the pressure reading was 1.9
to isolate the three Hg transitions &t~ 366 nm from other =+ 2.5% higher than expected from masses of the expanded ideal
lamp emissions. The effective N@bsorption cross section was gases (uncertainty iss2. Therefore, the N@cross section was
measured using the same lamp and filter to be (68:@b14) x corrected upward by 1.9%. Two experiments were performed
10719 cn¥ molecule'™. at a total pressure of 100 Torr using &k the buffer gas (open

The concentration of NPwas also determined by in situ  symbols in Figure 1). From our experiments, theN®sorption
long-path absorption measurements both upstream and down<ross section at 457.9 nm is measured to be (5:0B08) x

Results and Discussion
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Figure 1. Plot of the calculated N©absorption cross section at the ! : ) e ]
argon ion laser wavelength (457.9 nm) versus absorbance. Solid circlesin the study of reaction 1. Experimental conditionb= 244 K; P =

indicate absorption cross-section measurements made with only NO
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Figure 2. Typical resonance fluorescence temporal profiles observed

5 Torr; [NQ] in units of 10 molecules cm® = (A) 3.09, (B) =

while open circles indicate absorption cross-section measurements madé-58, (C)= 12.20; number of laser shots averagedA) 800, (B) =
with NO2/N, mixtures at a total pressure of 100 Torr.

TABLE 1: Quantitative Comparison of k; Obtained from
This Study Using the NG, Concentration Determined by
Absorption with the NO, Concentration Determined by Flow

1000, (C)= 2000. Solid lines are obtained from least squares analyses
and give the following first-order decay rates in units of:s(A) 490,
(B) 940, (C) 1620.

reaction cell. These pressure drop corrections were sm2%)

T2 kabsorptiort1)/kﬂowc T2 kat:usor;)tiort1)/|(flowC and CO_UId_ be made Very accurately. .
2. Kinetic Results.All the experiments were carried out under
425 1.01 295 0.98 . . .
406 1.00 205 1.06 pseudo-first-order conditions with NOn large excess over
374 1.01 205 1.01 O(P). Thus, in the absence of secondary reactions that enhance
346 0.99 295 1.05 or deplete the GP) atom concentration, the ) atom
324 1.02 271 101 temporal profile is dominated by the reactions
294 0.99 244 1.01
295 1.00 221 1.00 3
295 1.01 O(P)+NO,—~ 0O, +NO 1)

aUnits areT (K). P Rate coefficient for reaction 1 determined using
an average between the upstream and downstreagtdi@@entrations
measured by absorptiohRate coefficient for reaction 1 determined

using the NQ concentration measured by flow.

1071° cm? molecule?, where the stated uncertainty represents
precision at the 95% confidence level. It is difficult to make a

direct comparison between the B@ross section obtained at
457.9 nm in this study and NQOcross sections obtained in
previous studies because of the higher resolution of our In eq 6, $ is the OfP) fluorescence signal at a time shortly
measurement and the structured nature of the &l&3orption
spectrum. Nonetheless, there is reasonably good agreementimet. The bimolecular rate coefficieri, is determined from
between our measured NQ@ross section and the 0.5 nm
averages reported by Harder et 18l.~5.1 x 10719 cn?

molecule, and Schneider et df*,~4.5 x 10719 cn? molecule™.

O(CP)— loss by diffusion from the detector field of
view and/or reaction with background impurities (5)

Integration of the rate equations for the above scheme yields
the following simple relationship:

In{SyS} = (INO| + k)t =Kt (6)

after the laser fires and, & the OP) fluorescence signal at

the slope of &' vs [NO;] plot.
O(®P) atom decays were found to be exponential and the
pseudo-first-order GP) decay rates were found to increase

In the kinetics experiments, excellent agreement was found linearly with increasing N@concentration except at < 240
between the N@concentration measurements made by in situ K (see discussion below). These kinetic observations are
absorption and the corresponding concentrations calculated fromconsistent with eq 6. Furthermore, observed decay rates were
flow and pressure measurements. Furthermore, excellent agreeindependent of laser photon fluence. This set of observations
ment was found between the upstream and downstream NO strongly supports the contention that reactions 1 and 5 are the
concentrations determined by absorption. Table 1 shows the raticonly processes which affected the post-laser-flastPDiime
of the rate coefficient for reaction 1 determined using an average history in the experiments performed &t> 240 K and the
between the upstream and downstream,NOncentrations dominant processes at< 240 K.
measured by absorption to the same rate coefficient determined Typical observed oxygen atom temporal profiles are shown
using the NQ@ concentration measured by flow. The difference in Figure 2 and typical plots df' versus [NQ] are shown in
between the measurements was typically less than 2% and wag-igure 3. The kinetic data for reaction 1 are summarized in Table
never greater than 6%. Hence, the three;N@asurements were 2. k; was measured at 10 different temperatures, ranging from
averaged, (INGupstreanit [NO2]downstreanit [NO2]siow)/3, to yield 221 to 425 K. Some experiments were performed at a very low
a single NQ concentration determination for each pseudo-first- NO, flow through the system (i.e., not measurable by either
order decay rate. Since the experiments were performed undembsorption or flow methods) in order to measure th#Ppétom
flow conditions, the N@ concentration measured in each of background decay rate in essentially the absence of. NO
the two absorption cells was corrected to the pressure in thethese experiments a few percent of N@as lost due to
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Figure 3. Typical plots ofk’ versus [NQ] for data obtained in the Figure 4. Arrhenius plot for reaction 1 and comparison with the results
study of reaction 1. Solid lines are obtained from least squares analysesof Gierczak et af.and the 1997 NASA panttecommendation. Solid

their slopes give the bimolecular rate coefficients in units of46m? data points are from this study and error bars represent our best esti-
molecule! st 12.7 at 244 K, 10.5 at 295 K, and 7.89 at 425 K. mate of accuracy. The solid line is obtained from a weighted least-
squares analysis (of data from this study only) and represents the

TABLE 2: Summary of Kinetic Data for the Reaction O(3P) Arrhenius expression given in the text. The dashed line represents the
+ NO; — O, + NO Arrhenius expression reported by Gierczak et ahd the dotted line

no. of represents the Arrhenius expression recommended by the NASA panel
T2 P2 [NOj*® [O]*¢ expts? range ofk2 ky2e in 1997.
425 15 571750 3.0 6 1801550  7.89+0.29 the rate coefficient for reaction 1 is characterized by a small
406 15 44-3010 36 7 1962600  8.17+0.40 negative activation energy. A linear least-squares analysis of
374 15 6-1780 3.0 6 1461700 8.82:£0.14 the Ink 1T data qi the following Arrheni o
346 15 53500 4.0 8 1763450 950+ 032 e Ink; vs ata gives the following Arrhenius expression:
324 15 0-1780 3.0 6 1261850 9.68+ 0.21
294 15 386-3700 3.3 5 5303980 10.4:0.2 ky(T) = (4.21+ 0.25) x
295 15 0-2010 3.2 6 1262230 10.5+0.5 _ 12 3 1 -1
295 15  0-1760 1.7 6 941970 10.6+0.2 10 *“exp{(273+ 18)/T} cm” molecule s~ (8)
295 15 0-2700 8.9 7 942970 10.6+-0.2 o . .
295 15 06-1620 3.1 6 951890 10.9+ 0.3 Uncertainties in the above expression are gd represent
295 15 0-1700 3.1 6 1362000 10.9+-0.3 precision only. These uncertainties refer to the Arrhenius
295 15 6-1700 3.1 6 12062050 10.9£04 parameters only. Error estimates for individual rate coefficients
271 16 0-2860 3.2 7 953370 11.6+0.3 are derived below
244 15 0-1200 2.9 7 96-1620 12.8+0.3 ) .
221 15 0-700 31 6 06-1110 14.3-04 The temperature dependencekpttan also be parametrized

] ) ask;(T) = A(T/300) " whereT is in units of degrees Kelvin:
aUnits areT (K), P (Torr); concentrations (20 per cnf), k' (s,

ki (10712 cm® molecule'! s71). b Average concentration based on flow —

and absorption measurements. A value of zero indicates that the NO Ky(T) = (10.57+ 0.12)

concentration was below our detection linfi\verage concentration 10 2 (1/300) ©85% 29 cp® molecule * st (9)
for each reported value d¢ calculated based on the measured laser

fluence and N@ concentration: expt = determination of a single  Again uncertainties in the above expression arar® represent
pseudo-first-order decay rattUncertainties are @ and represent precision only

recision only. )
P y At temperatures below 240 K, it becomes necessary to

photolysis because very high laser powers were needed to obtairfonsider the effect of Nodimerization on observed kinetics.
a measurable fluorescence signal. In all other experiments the

NO, concentration was always in large excess over th#&)O( NO, + NO, = N,O, (10)
atom concentration (pseudo-first-order conditions). In the room-

temperature experiments (29295 K), the initial OP) con- Unfortunately, the uncertainty in the equilibrium constahy,
centration was varied by about a factor of 5 [(#&9) x 10t is very large at low temperaturéghus making quantitative

atoms cm3] resulting in no observed systematic change in the evaluation of the concentration of N@nd NO, in the reaction
rate coefficients. All the experiments were performed at a Cell difficult. To shed some light on this problem, we carried
relatively low pressure of 15 Torr in order to avoid significant Out & set of experiments &t = 210 K where OfP) kinetics

contribution to observed kinetics from the addition reaction ~ Were studied over a wide range of concentrations of;NO
monomer units. As expected, and as shown by the solid symbols

o(3p)+ NO,+M — NO;+ M 7) in Figure 5, the slope of a plot & vs [NO, monomer units]
decreased with increasing [NOnonomer units]. The rate
The maximum contribution of reaction 7 (at the lowest Ccoefficient for the reaction
temperature investigated) is less than 1% based on the 1997
NASA panel recommendation and less than 2% using the value O(CP) + N,O, — products (11)
derived from the recent study by Burkholder and Ravishankara.
An Arrhenius plot for reaction 1 is shown in Figure 4. Like is thought to be much smaller thda, i.e., k;; < 2 x 10712
many radicat-radical reactions, the temperature dependence of cm® molecule? s71 at 199 K& Assuming this to be the case,
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Figure 5. Plot of K versus [NQ monomer units] for data obtained in
the study of the N@dimerization equilibrium constanKio, at T =
210 K. The solid curve is obtained from a nonlinear fit analykis.
was fixed to 2.0x 1072 cm® molecule? s™1. Results of the fit are the
following: ky = 1.57 x 10 cm® molecule® s72, andKjo = 6.77 x
107'® cm?® molecule®. The dotted curve is obtained from a nonlinear
fit analysis by fixingki1 to zero. Results of this fit are the following:
ki = 1.40 x 107 cm® molecule® s7%, andKjo = 3.23 x 107*° cn?®
molecule’®.

our data were fit to an equation of the form

K =K [NO,] + ky;[N,O,] + K| (12)
where Ko was measured to be 94 Isusing a very small
concentration of N@(<1 x 102 molecules cm3) and [NQj

is expressed in terms of the dimerization equilibrium constant
for reaction 10 and the concentration of N@onomer units.

k; andKyo were allowed to vary ankh; was set to 2.0< 10712
cm® molecule? s™1. This nonlinear fit to the data is shown as
the solid curve in Figure 5. The value for the dimerization
equilibrium constant obtained from this fit was 6.%710715
cm® molecule! and thek; value was 1.57x 10711 cm?
molecule! s71, which is in excellent agreement with the value
for k; obtained from extrapolating expression 8 to a temperature
of 210 K. Thek' vs [NO, monomer units] data were also fit
assumingki1 to be zero (dotted curve in Figure 5). The results
of this fit were 3.23x 10715 cm® molecule™® for Ky and 1.40

x 10711 cm?® molecule s71 for k(210 K). This value oKy
(i.e., assuminds 1 to be zero) is in better agreement (only 13%
larger) with the currently recommended value Kap(210 KY
(see below). In addition, thié vs [NO, monomer units] data at
210 K were also fit allowing all three parameteks, K10, and
ki1, to vary and we obtained 1.54 10711 cm?® molecule! s71

for ky, 6.04 x 10715 cm?® molecule? for Ko, and 1.8x 10712
cm® molecule® s71 for kyi.

The NASA panel for chemical kinetics and photochemical
data evaluatiohcurrently recommends the following expression
for the temperature dependencekaf:

K,o(T) = 2.5 x 10 *° exp(6643T) cm® molecule™ (13)

Assuming that the 298 K equilibrium constant recommended
by the NASA panel,is correct and that the 210 K equilibrium
constant derived from fitting our kinetic data assumiqagto

be 2.0x 10712 cm® molecule® s is also correct, we obtain

J. Phys. Chem. A, Vol. 105, No. 42, 2004701

K,o(T) = 6.62x 10" % exp(7258T) cm® molecule® (14)

At T = 220 K, the above expression gives an equilibrium
constant that is about a factor of 2 larger than the current NASA
panel evaluation (expression 13), although well within the
evaluated uncertainty of almost a factor of 3. Interestingly,
Wollenhaupt and Crowledf in a recent study of the G4 +
NO; reaction, arrived at the same conclusion, i.e., the low-
temperature value foK;o is somewhat larger than currently
recommended. In fact, their derived value iy at 233 K is
within 2% of the 233 K value obtained from expression 14.
Correcting our N@concentration data for the formation ofQ}

at 221 K using expression 14 to obtd, gives a value fok;

of 1.47 x 10~ cm® molecule! s71. Negligible corrections are
needed for the N@concentration at the higher temperatures
investigated (i.e., 244 K and above).

Once again, assuming that the 298 K equilibrium constant
recommended by the NASA pariés$ correct and that the 210
K equilibrium constant derived from fitting our kinetic data,
assumingk; to be zero, is also correct, we obtain the following
expression for the temperature dependence of the equilibrium
constant:

K,o(T) = 3.82x 10 ?° exp(6735T) cm® molecule* (15)

At T = 220 K, expression 15 gives an equilibrium constant
that is only about 12% faster than the current NASA panel
evaluation (expression 13). Using expression 15 to correct our
NO; concentration at 221 K gives a lower limit value farof

1.37 x 107 cm® molecule’® s71,

On the basis of the analysis described above, we report our
221 K rate coefficient as (1.43 0.07) x 107 cm® mole-
cule™ s1, where the stated error includes precision and the
uncertainty in the correction for NQlimerization. This value
weights the rate coefficient obtained usikg from expression
14 by 60% and the rate coefficient obtained using expression
Kio from expression 15 by 40%. The higher weight for
expression 14 comes from the slightly better fitkovs [NO,
monomer units] at 210 K using a value flor; of 2.0 x 10712
cm® molecule® s™%

3. Estimated Accuracy of Reported Rate CoefficientsThe
two major contributors to the overall accuracy of the rate
coefficients in this temperature-dependent study of the RO,
reaction are the precision of the rate coefficients and the
accuracy of the N@concentration determinations. Examination
of Table 2 shows that the precision of the rate coefficients is
quite good (typically+3%).

As discussed above, to determine the NOncentration by
either “absorption” or “flow,” the NQ absorption cross section
at the chosen wavelength needs to be determined; this is a
potential source of error. In the case of the N&bsorption
measurements, the NQ@ross section at the argon ion laser
wavelength (457.9 nm) was determined with a precisioti2ff6
at the 95% confidence level. We conservatively estimate that
the absolute calibration of the pressure gauge is witt2rb%.
There is also some error associated with correcting the NO
concentration for the formation of J,. However, the uncer-
tainty in the equilibrium constant is a negligible source of error
in the NG, absorption cross section determinations since the
contribution of NOy to the total pressure was less than 1%.
The precision of the determinations of bdtandlg in both the

the following expression for the temperature dependence of theNO, cross section measurements at 457.9 and in the determi-

equilibrium constant:

nation of the NQ concentration during the kinetic experiments
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was also quite good, i.e., each one ab&0t5%. As a result,
the estimated accuracy of the W©oncentration determined
by absorption is about:3.2%. This assessment combines the
following factors: an error in the 457.9 nm N®©ross section
(about+3.1%), a possible small error in the measurement of
the total path length of the argon ion laser beam through the
absorption cells of about0.4%, and a precision error in the
determinations of both andly during the kinetic experiments
(+0.5%).

The error in the N@concentration determined by “flow” is
estimated to be aboui4%. This assessment includes a
+3.5% error in the calculation of the N®@ulb fraction (which
itself includes a+2% error in the precision of the effective
NO; cross section for the three Hg atomic linesiat- 366
nm and a+2.5% error in the pressure gauge used in the cross
section measurements)4£0.5% error in each one of the two
flowmeters, and at2% error in the pressure gauge used in
the kinetic experiments. Despite our best efforts in deriving a
more accurate equilibrium constant for reaction 1 at low
temperatures, there is still considerable uncertainty in its
determination. Hence, at 221 K, there is an additiofdPb
error associated with the choice &fi used to correct the
NO;, concentration for the presence of®, in the reaction cell.

Estupitan et al.

Inspection of Figure 4 shows that the temperature dependence
of k; reported in this study is somewhat more pronounced than
the temperature dependencekgfreported by Gierczak et &l.
One possible explanation for this difference concerns the fact
that Gierczak et dl.measured the Nfconcentration at the
temperature of the kinetic experiment and used measured
temperature-dependent absorption cross sections (measured
during the course of their study) to convert measured absor-
bances to N@concentrations. On the other hand, all absorption
measurements in this study were at room temperature, and the
ideal gas equation of state was employed to convert measured
NO; concentrations to the reaction cell temperature. Also, the
only difference between our value f&(221 K) and the one
reported by Gierczak et &appears to be the approach employed
to correct for NQ dimerization, i.e., they used the recom-
mended low-temperature equilibrium constant whereas we used
the approach described above.

5. Implications for Atmospheric Chemistry. Incorporation
of the results of this study in models of stratospheric chemistry
would lead to somewhat lower ozone levels than would be
obtained using the expression fafT) currently recommended
by the NASA panel’ This is true even though the current
recommendation heavily weights the results of Gierczak &t al.

When all the above errors are propagated, the overall accuracy! he biggest impact of our reported rate coefficients is expected

of each individual rate coefficient is approximatels%, and
changes very little over the temperature range of our study
(221—-425 K).

4. Comparison of Reported Rate Coefficients with Lit-
erature Values. Figure 4 compares the results of our study of
reaction 1 with those of Gierczak et ahnd with the 1997
NASA panel recommendation. Th&; (298 K) value of this
study agrees within 1% with the result of Gierczak ef alhile
the low-temperature rate coefficients are somewhat faster than
those reported by Gierczak et®aFor example, afl = 220 K
the rate coefficient obtained from our Arrhenius expression is
7.4% faster than the one reported by Gierczak étNbnethe-
less, the results of this study and of Gierczak €t ate in
agreement that the rate coefficient for thetONO, reaction is
faster at stratospheric temperatures than previously thdught.
For a critical evaluation of previous @ NO, rate coefficient
measurements, readers are referred to Gierczak ahal Sander
et all”

The study by Gierczak et &lalso used the technique of LFP-
RF to study the kinetics of reaction 1. In their study, oxygen
atoms were produced by 308 nm laser flash photolysis of NO
using a XeCl excimer laser. As in this study, kinetic information
was obtained by monitoring the temporal profile of oxygen
atoms under pseudo-first-order conditions with N® large
excess. To minimize systematic error in the NfOncentration

measurement, three independent methods were employed: flow

rate measurements, absorption, and chemical titration NO
O3 — NO; + Oy). In the absorption method, the N@on-

centration was measured directly in the reactor using—Uv
visible photometry at 413.4 nm (gIamp was the light source).

in the 23-40 km altitude regime, where temperatures are
relatively low and the OF NO, catalytic cycle dominates odd-
oxygen destruction Some of the consequences of increasing
the value ofk; at stratospheric temperatures, together with
updated rate coefficients for the reactions GHHNO; (kie)

and OH+ NO, + M (k7), are discussed in a recent modeling
study by Portmann et af. These investigators have found that
an increase irk;, combined with the updates ks and k7,
leads to lowering, by about one kilometer, the altitude at which
NOy-catalyzed @removal dominates. In addition, a faster value
for k; at stratospheric temperatures leads to a decrease of a few
percent in total column © The biggest impact is at higher
latitudes during the summer months, while no change in the O
column is found in the tropic¥
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