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Identification of BrONO as the Major Product in the Gas-Phase Reaction of Br with NG,
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Products of the gas-phase reaction of Br atoms with N&¥e been quantitatively determined at temperatures
between 215 and 300 K in an environmental chamber interfaced to an FT-IR spectrometer. The major product
of the reaction (yield> 75%) was found to be the cis isomer of BrONO, which was identified and quantified

by means of its KO stretching fundamental at 1660 chthis represents the first gas-phase detection of

this species. Although rapid thermal decomposition back to Br and pt€cludes its detection at room
temperature (lifetime< 1 s), BrONO was detected at temperatures at and below 263 K. Isomerization of the
BrONO to BrNQ, was found to be an important fate of BrONO at low temperatures. The rate coefficient for
this process was found to increase with decreasing pressure, indicative of a heterogeneous process. At 700
Torr, this isomerization rate was (0.0430.003) s?, independent of temperature over the range-2243

K. Evidence was also obtained for rapid reactions between Br atoms and both BrONO ang (BEN©O >

k > 107 cm?® molecule® s™).

Introduction and stratospher.

Termolecular reactions between halogen atoms anglhd@e .
received a great deal of attentiéri? both out of fundamental N2Os(g) + HBr(s) — BINO,(g) + HNO(s) ®)

interest and because_ of their poten_tial importance i'_q the Computational studiés have shown that BrN®is more
gtmospher_e. The reaction o_f Br atoms with.N@s been studied stable (BN bond strength at 298 K of 22.5 kcal/mol) than
In cryogenic matrixes®and in the gas phase? By analogy to either thecis- or transsBrONO isomer (B+-O bond strengths
the reactions of other halogens with bl_(ﬂne products O_f the at 298 K of 16.1 and 12.2 kcal/mol, respectively), but ttigt
reaction are expected to be BrONO (cis and/or trans 'SomerS)BrONO is sufficiently thermally stable to exist in the atmo-

and/or BrNQ: sphere. Furthermore, the thermal lifetime of BrNikas been
showr?23to be of orde 1 h atroom temperature, considerably
Br+NO, + M —~BrONO+ M (1) longer than the predictétlifetime of the Br+ NO, reaction
—BINO, + M (1b) pro_duct observed (indirectly) by Kreutter et*alhus, it is now _
believed 22 that, although BrONO has yet to be observed in
. the gas phase, it is the major product of reaction 1 and has
id In _:c_hed ?tudy hOf Tevau(lj, BrNQZ W?E’ the majordpnrtguct eluded detection largely due to its thermal instability (lifetime
dentified from the co-condensation of Br atoms and n likely of order 1 s orless near room temperaturé)By analogy

Ar matrix, while a similar study by Feuerhahn et?appears 10 : ot
. to the CIONO/CINQ system?®10 the isomerization of BrONO
to have led to the production of both BrhN@ndtransBrONO. to BrNOy, reaction 4, may also play a role in the inability to

Early gas-phase studigSfocused on the rate coefficient of the detect this species:
Br + NO; reaction, and reaction products were not determined. '
However, Kreutter et d.observed that the reaction product BrONO+ M — BrNO, + M (4)
(believed at the time to be BrNObut now thought to be

BrONO, see below) was thermally unstable, and that the reverse | this work, products of the reaction of Br with N@vere

of reaction 1 occurred with a time constant of order a few stydied by infrared spectroscopy over the range-2 K in
milliseconds near 400 K. a static reaction chamber. BrONO was indeed observed at
Further interest'*° in the thermodynamics, spectroscopy, temperatures below ambient, and is shown to be the major
and chemistry of BrN@has been stimulated, at least in part, product of reaction 1. In addition, rate coefficients for its
by the observation that this species, in addition to being a jsomerization and thermal decomposition and for the reaction
product of reaction 1, is also a product of some heterogeneouspf Br atoms wtih both BrONO and BrNQare estimated over

reactions of importance in the Earth’s troposphgre the temperature range studied.
N,Og(g) + NaBr(s)— BrNO,(g) + NaNOy(s)  (2) Experimental Section

Experiments were conducted in a temperature-regulated
*Corresponding author. stainless steel reaction chamber, described in detail previ-
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ously?829 The chambers 2 m long, with a volume of 47 L, 0.15
and is interfaced via a set of Hanst-type optics to a Bomem
DAS3.01 Fourier Transform Spectrometer. The analyzing path
length for these measurements was 32.6 m, and spectra were
recorded over the range 883900 cnt? with a resolution of 1
cm™ L. Spectra were obtained from the co-addition of5®
interferograms and required +60 s total acquisition time. The
temperature of the cell was controlled by flowing chilled ethanol
from a circulating bath through a jacket surrounding the cell.
Experiments involved the cw photolysis of static mixtures

of Br; (typically about 2.5x 10" molecule cnm, but varied 0.15
from (1—10) x 10 molecule cm?3) and NQ (5—70 x 10 W g42 |
molecule cm3) in N, (700 Torr). At low temperatures, 20,4 g~
was also present in some experiments(@y < 7 x 101 S 0.09 4
molecule cm®); its presence had no effect on the measurements. ﬂoﬁ 0.06 |
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Br, and NQ were swept into the photolysis chamber from

~

calibrated volumes; pressure measurements in the calibrated < 0.03 ;
volumes were used to determine the initial JBand [NG;]. 0.00 . . . L ] ‘ : :
The photolysis light source was a cw Xe arc lamp, equipped 1200 1250 1300 1350 1600 1650 1700 1750
with a water-cooled filter to provide radiation at> 410 nm 045
such that By was efficiently photolyzed (with a first-order rate ) ©
coefficient of (2.24 0.4) x 1073 s71), but photolysis of N@ g 0.12 -
did not occur to any measurable extent (photolysis rate <Zt 0.09 4
coefficient <2 x 10° s1). The Bk photolysis rate was Q-
measured periodically by monitoring the decay of HCHO ina @ 0.06 -
Br,/HCHO/Q,/N, photolysis experiment. 8 0.03
The Br used in these experiments was purchased from < T v
Aldrich, and purified by several freezpump-thaw cycles 0.00 .
before use. N@was synthesized from the addition of excess 1200 1250 1300 1350 1600 1650 1700 1750
O, to NO (Linde, UHP), followed by removal of the ;(by WAVENUMBER (cm™)
pumping at liquid nitrogen temperature, Was obtained from ) ] ) )
the boil-off from a liquid N dewar (U.S. Welding). Figure 1. (a) Spectrum recorded following the photolysis of a mixture

of Br; (2.6 x 10* molecule cm®), NO; (9.2 x 102 molecule cm®),
and N (700 Torr) at 228 K. The N@absorption centered at 1616
cm! has been subtracted for clarity. (b) Spectrum recorded following
Experimental Results.Experiments involved monitoring the thet ;g:édbeczy t?t];et\ré?c?r?ifrqir)l(éuger ;g‘;g’t” rigs(?bsr?tﬁgsgdggtlrsﬁ%;um
: : : | u | u u
;smm%l F:tr]%ﬂIsh(gt:)\t%iasn%freni;;[la?ezr%?uétrs(lb_o:{% d; rTglf nd (a). This regidual spectrum is assignedissBrONO, see texth)or details.
molecule cm?®) and NG (0.5-10 x 10" molecule cm?) in
700 Torr Nb. Initial experiments were conducted at relatively
low temperature (228 K) and high total pressure (1 atm), since
it was thought that these conditions would be optimum for
detection of BrONO. Experiments were also conducted at 218,
248, 263, and 298 K. The results discussed below apply to the
228 K experiments unless otherwise specified.
At 228 K, thermal dissociation of both BrONO and BriNO

Results and Discussion

state value, which was maintained for many minutes. A product
spectrum obtained at 228 K from the photolysis 0f B.6 x
10" molecule cmd) in the presence of NO(9.2 x 10
molecule cm®) in 700 Torr N, after steady-state is achieved
is shown in Figure la (the strong N@bsorption centered at
1616 cnt! has been subtracted for clarity). Absorptions of
BrNO, are expected at 1292294 and 1667 cm 1923 and
clearly this species is present in the product spectrum, as
. _ expected.However, close inspection of the feature around 1665
BrONO + M —Br + NO, + M (~1a) cm~1 shows it to be slightly different in location and shape from
BrNO, + M — Br + NO, + M (—1b) previously published BrN@spectra, and the possibility of the
presence of another absorber must be considered. The most
should be negligibly slow27 and the chemistry should be likely possibility is the cis isomer of BrONO, which has not
controlled by the formation of BrONO and BrNGreaction ~ Previously been observed in the gas phase, but for which an
1), the possible isomerization of BrONO to Bri@eaction ~ N=O stretching frequency of 1664 cthhas been calculated.
4), and by the destruction of the BrONO and BriN€pecies This species has also recently been observed in a matrix-isolation

by reaction with Br atom3® study?
A possible means of confirming the presenceisfBrONO
Br + BrNO, — Br, + NO, (5) is via the observation of its isomerization to the more stéble
BrNO, (reaction 4), a process which is expected on the basis
Br + BrONO— Br, + NO, (6) of similar observations in the CIONO/CINGystem?19 Thus,

following the acquisition of spectra such as that shown in Figure
Photolysis of the B¥NO./N, mixtures resulted in the la, the photolysis lamp was blocked and the behavior of the
appearance of two new absorption features, one centered at 129¢as mixture was monitored for a few minutes. The spectrum
cm~1 and the other occurring in the region around 1665tm  shown in Figure 1b, obtained approximately 5 min after
The intensity of these absorption features increased over thecessation of photolysis of the same gas mixture shown in Figure
first minute or two of photolysis and then reached a steady- 1a, shows an increase in absorption in the 1294'dmand and
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a change in shape and intensity of the band(s) near 1665 cm Te+14
This spectrum now corresponds identically with that of ge”?'jk\

BrNO,,1%=23and clearly indicates that (at least) two species were «
present initially. Subtraction of the contribution of BriXfom

the spectrum of Figure la (using the spectrum of Figure 1b,
from an examination of the 1294 cthband) yields the spectrum
shown in Figure 1c. Based on a reasonable analysis of the
chemistry occurring in the system and the close correspondence
of the observed band center with that predictedie assign

this residual absorption feature, centered at 1660'¢cio cis-
BrONO. Further evidence for the assignment of the spectrum
of Figure 1c tocisBrONO is obtained from the work of
Scheffler et al2225 who photolyzed BrN@ in a matrix and 1e+131
reported the conversion of the Brid@ BrONO. Although only G
transBrONO was thought to be present initiaf§,further 0 ' ‘ — — T o
work? proved the existence afisBrONO as well, and the 0 100 200 300 400 500 600
existence of the; fundamental near 1650 crhwas confirmed. TIME (s)

There is no evidence for the presence of tteaxsBrONO Figure 2. Time profile of the concentrations of N@solid circles),
species (N=0 stretching frequency 1725 c®j in any of our BrNO, (inverted triangles), and BrONO (open circles) following the
gas-phase spectra. [%das calculated a difference in energy ph°t°|y5'? ((}3280 S) gﬂd sTbsquueng dark deczay (30??0 SI) ofla
betwe_en_the cis and trans isomers of 3.7 kcal/mol, meaning thatgnn'q)ftgt;,rea?]dBﬁ( ('7606 ﬁor:;%fgjzg C}T )S (')\:82 ﬁaésxr;pre?eonfcﬁqu ol
the cis isomer would be favored by a factor of 500 at cajculations, using the rate coefficients given in the text.
equilibrium. Thus, although the trans isomer may also be formed
initially in reaction 1, it seems reasonable to assume that rapid
interconversion of the two isomers is possible, thus explaining Absorption cross sections for BrONO were then obtained
the absence of the trans isomer in the observed spectra. Similaffom an analysis of the dark decay period in the 228 K
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energy differences have been calculated fordiseandtrans- experiments, in which the isomerization of the BrONO to BENO
CIONO isomerg? and only the cis species is observed in this occurred. Assuming 1:1 interconversion, an absorption cross
case as wel:10 section of (1.74 0.6) x 10718 cn? molecule® at the peak of

The data of Figure 1 can be used to estimate the IR absorptionthe P and R branches near 1660 ¢ris obtained for BrONO
cross sections for both BrNQand cis-BrONO, by means of ~ With an integrated band intensity of (3% 1.3) x 107" cn¥
mass balance arguments (i.e., by assuming that the loss of NO molecule’l. Strictly, these values should be treated as upper
in a given BE/NO2/N photolysis experiment is always equal limits, since it is possible that the BrONO is not stoichiomet-
to the sum of the BrN@and BrONO present), and by assuming rically converted to BrN@ However, no significant change in
a 1:1 conversion of BrONO to BrNgfollowing the cessation ~ [NOz] was noted during the dark decay period in almost all
of photolysis. The determination of the absorption cross sections€xperiments carried out at 228 K and no other species were
for BrNO, can be made by equating the final Bril@ncentra- detected, indicating the likelihood of near-stoichiometric conver-
tion after the dark decay period (i.e., after total conversion of Sion. Furthermore, the agreement between our Brélf3orption
BrONO to BrNQ) with the change in the Nfconcentration cross sections and previous values also argues against significant
from the beginning to the end of the experiment. Multiple loss of BrONO to other than BrNOThermal dissociation can
experiments, conducted over a range of &d NQ concentra- be ruled out as a loss process for BrONO at 228 K from a
tions at 228 K, yielded absorption cross sections of 2.0, 3.0, consideration of the available data on its thermal propetiés.
and 2.3x 10718 cn? molecule! for the peaks of the P, Q, and  Although no previous observations are available for comparison,
R branches near 1294 ci) and 1.5 and 1.7 10718 cn? the cross section value reported here for the BrONO absorption
molecule’? for the peaks of the P and R branches near 1667 feature is broadly consistent with the findings of 122ayho
cm1, with uncertainties (including precision and possible calculated the integrated band strength of the 1660*drand
systematic uncertainties) for all values20%. Integrated band  in cis-BrONO to be 4.2x 10" cn? molecule™™. In addition,
intensities were also obtained, and were found to be $4.3 the corresponding bands in CIN@nd CIONO appear to be of

0.6) x 107 cn? molecule* cm™t and (3.7+ 0.5) x 10°%7 very similar intensities to each oth®t? and to their bromine-
cn? molecule? cm™! for the 1296 and 1667 crd bands, containing counterparts.
respectively. With the determination of the absorption cross sections for

Gas-phase IR absorption cross sections for BrNi@ve both the BrNQ and BrONO species, full concentration versus
previously been reported by Frenzel e@hnd Scheffler et time profiles for these species during the light and dark phase
al.??2 who generated BrNOfrom the reaction of gas-phase of an experiment can be obtained, as shown in Figure 2. A
CINO, with Br~ ions. Our measured peak absorption cross number of conclusions can be drawn from these data. Most
sections appear to be about 10% higher than the room-importantly, it is apparent that BrONO is the major product of
temperature absorption cross sections reported by Frenzel®t al., reaction 1, as can be seen from the product yields observed at
and about 20% higher than the low resolution spectrum of the onset of photolysis. In the first data point of Figure 2, the
Scheffler et af? The higher values obtained in our work are concentration of BrONO exceeds that of BrNky a factor of
likely due, at least in part, to the lower temperature employed 2. Because of the rapid reaction of both species with Br atoms
herein compared with the previous work. Integrated absorption (with ks probably greater thaks, see later) and because of the
intensities are not reported in these previous studies for isomerization of BrONO to BrNg our experiments do not
comparison. The integrated absorption intensities reported for provide sufficient time resolution to directly measure the initial
both absorption bands in the ab initio study of Peare 50% [BrONOQJ/[BrNO] ratio. Additional experiments were con-
higher than the values obtained in our work. ducted, at temperatures of 218, 228, and 248 K, in which spectra
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-2 CH,0/O,/N, mixtures), and reactions 1, 4, 5, and 6. The total
1 k; was obtained from previously published dafand the value
® of ks was fixed to the 700 Torr value of 0.013sdetermined
above. The branching ratio fé&g, and the values foks andks
were then varied to achieve the best fit to a number of
experiments obtained over a range of temperatures ang|{NO
Averages of these fitted rate coefficient data are as follows:
kidks = 0.854 0.08,ks = (7 & 3) x 107! cm® molecule?!
sl andks = (3 £ 2) x 1071 cm® moleculel s71. A fit to a
single experiment using these rate coefficients is shown in Figure
2. Previous estimatés of ks andks are in reasonable accord
with our results. In the flow tube study of Mellouki et&lthe
product of reaction 1, probably BrONO, was found to react with
Br with a rate coefficient of order 101071 while Broske
5 . - ' ' ' T and Zabel used a value fég of 2.4 x 10711 cm?® molecule*
40 80 8 100 120 s 1to model their BrNQtemporal profiles in room-temperature
TIME (s) Bro/NO; static photolysis experiments. It should be stressed that
Figure 3. Sample plots of In(BrONO absorbance) vs time in the dark  the rate coefficients and branching values determined above are
under a variety of conditions, to obtain the first-order rate of BrONO gagtimates only, since their values are somewhat dependent on

isomerization to BrN@ Filled triangles: 216 K, 700 Torr total pressure, : -
[NO3, = 3.6 x 10 molecule cm?, ks = 0.012 S open circles: each other. More accurate values for the branching ratio to

Ln (BrONO Absorbance)

228 K, 700 Torr total pressure, [NR = 1.2 x 104 molecule cm? reaction 1 will require experiments conducted with a better time
ks = 0.016 s filled circles: 228 K, 700 Torr total pressure, [M@ resolution than is possible with the FT-IR system used here.
= 7.5 x 10" molecule cm?, ky = 0.014 s*. Direct measurements dfs would also be useful in better

) ) ) ~guantifying the rate parameters describing this chemical system.
were acquired as early as_possmle (over the first 10 s) following At higher temperatures (248, 263, and 298 K), the steady-
the start of the photolysis. In all cases, [BrONOQ] exceeded state [BrONO] was significantly reduced compared to lower

[E:)rNOZ]’t. usuall):j b.y at‘ ;gctorf t?]f 3 ort. 4, \f/ecrly ﬁ'r?]{gsoto temperature measurements under similar conditions, and, in fact,
observalons made In studies ortn€ reaction ot i wi no BrONO was observed at all at 298 K. This observation is

0 .
T?olijsdc?;?tﬁgsgz:r: ae(;;?ljjrgt'sfclﬁoe\:\fel\??tm7os d{;ligf t;ﬁ drigg(zggi?l very likely the result of the increasing importance of thermal
Fhe measured B h(?tol sis ra{te and esltimated \?alues kor gclecomposition (reactionr-1a) of the BrONO with increasing

P Y ’ temperature. Modeling studies (with rate parameters fixed at

ke, andke, see details below) indicate that some Befrobably the central values reported above) indicated that the thermal

o ) h . . .
?hbglijstoii(r)ifgtzir:/%fy .2':8% g) t[r:%drsgicigc;nslrg\?vc,:'c?gclé;:r;cte decomposition of BrONO was occurring with a rate coefficient
ko1a® 0.02 stat 248 K,k-1a~ 0.1 st at 263 K, anck_14 >

for all of the BrNG, observed early in the photolysis period. 2 51 at 298 K. Again, thesé_1, values should be considered

This point will be discussed in more detail later. - .
i only as estimates, given that they depend on the actual values
Data such as those shown in Figure 2 can also be used toOf ke, ks, andkyfkee, Which are quite uncertain and could var
determine approximate rate coefficients for reactions64 o "6 1 1b q y

Values forks were determined by monitoring the conversion with temperature, but are quite consistent with values obtained

of BrONO to BrNG, during the dark period over a range of from an extrapolatioH of th_e data of Kreutter et &l.
conditions (see Figure 3). At 228 K, the isomerization rate The lack of the observation of BrONO at room temperature

coefficient,ks, was found to increase with decreasing pressure, IS consistent with a previous stutlgf this reaction system.
from a value of 0.01H 0.003 s at 1000 Torr to 0.023k However, the observation of BrNOn our room temperature

0.003 s at 150 Torr. This inverse pressure dependence provides€XPeriments and in those conducted previduglovides the
strong evidence for the influence of the cell walls in the Strongestevidence for its direct production (albeit in low yield)
isomerization process. The isomerization rate was found to befrom reaction 1. With isomerization of BrONO considerably
independent of the N{concentration (varied from & 103 to slower than its thermal decomposition (by about a factor of 100,
60 x 1013 molecule cm®), and NO4 concentration (from< 1 based on the Kreutter et‘blhermal decomposition data), BrNO
x 1013t0 7 x 103 molecule cm3). Isomerization rates at 218 ~ formation via this process is quite inefficient and, without direct
K were similar to those found at 228 K. Studies at higher formation of BrNG from reaction 1, steady-state levels of
temperature do not provide clean measurements; afue to BrNO, would be smaller than observgd. We estimate thgt at
the increased importance of thermal dissociation of BrONO €ast a 6% branch to BrNClormation is required to explain
(reaction—1a), but no large change in the isomerization rate the observed BrN@levels, with a most likely value of about
coefficient was evident at 248 K. Isomerization of CIONO to 15%. This point was originally made by Broske and Zdbel,
CINO; has also been reported to be influenced by heterogeneousVho used the rate of approach to steady-state in the photolysis
processe$10 of BrJ/NO, mixtures at 298 K to estimatdgski,. With
Rate coefficients for reactions 5 and 6 could then be estimatedréasonable assumptions about the valueskfaandks and a
by examining the steady-state levels of BriNénd BrONO, knowledge of their Br photolysis rate, they showed that the
using a box model (run with the Acuchem software packige ~a@pproach to steady-state was about 10 times slower than
to simulate the reaction system. For the low-temperature €xpected, based on measured vadesthe totalk;. They then
experiments T = 218 and 228 K), thermal decomposition of ~reasoned that BrONO thermal decomposition was sufficiently
BrONO and BrNQ, reactions €1a) and 1b), are both rapid that they were only observitkg,, which then must account
sufficiently slow to be ignored. Thus, the model consisted of for about 10% of the total reaction.
only the photolysis of Br(k = 2.2 x 1073 s71, measured by Reevaluation of Thermodynamic and Theoretical Aspects
monitoring the disappearance of gblin the photolysis of B of k;. Based on the evidence available at that time, Kreutter et
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al# assumed that BrNOwas the major product of reaction 1;
this fact was then used in both a “third law” analysis of the
equilibrium constant for reactions 1 anell and in RRKM-
based calculations of the strong-collision rate coefficient for
reaction 1,k,S5C. With our present knowledge that BrONO is
the major product of reaction 1, and with the availability of
high-level ab initio thermochemical and spectroscopic data for
BrNO; and the cis and trans isomers of BrORQye thought

it worthwhile to re-consider the calculations of Kreutter et al.

Kreutter et att conducted both a “second law” and “third
law” analysis of their data on the equilibrium system involving
reactions 1 and-1, and found that the derivedH and AS
values were only in fair agreement. With the assumption that
cis-BrONO is the major product of reaction 1, and using a value
for BrONO) calculated using the spectroscopic data ofilee,
a reevaluation of the third law calculation of Kreutter et al. leads
to values ofAS(401 K) = —30.5 cal/mole/K andAH(401 K)
= —20.07 kcal/mol, in somewhat better agreement with their
original second law data. Averaging the original second law
values with the revised third law data giv&§(401 K)= —28.5
cal/mol/K andAH(401 K) = —19.35 kcal/mol. In fact, because
the calculated entropies for BrN@nd cis-BrONO are quite
similar using curreit spectroscopic and structural information,

Orlando and Burkholder

events where Br chemistry is known to play a P8jethe
BrONO loss will be controlled either by its isomerization to
BrNO; (if this process occurs in the gas phase) or by photolysis.
Preliminary result¥ suggest a photolysis time constant<30

s for BrONO. The enhanced thermal stability of BrONO means
that the effective rate coefficient for reaction 1 will be equal to
the measuredvalues at these lower temperatures. The dominant
atmospheric loss process for Brfl@nder most atmospheric
conditions is likely photolysis (lifetime~ 5 min for typical
tropospheric actinic flux@d. However, reaction with Br atoms
could also be of importance during surfacedepletion events,
where Br atom levels of order 1@nolecule cm?® have been
inferred3® In fact, reactions 1, 4, and 5 could provide a
mechanism for Br atom loss during these events.

Conclusions

The species BrONO has been detected for the first time in
the gas phase, and has been shown to be the major product
(yield = 75%) obtained from the reaction of Br with N©ver
the temperature range studied (2130 K). Only the cis isomer
of BrONO is observed (as characterized by the observation of
its N=0 stretching fundamental at 1660 ctH) consistent with
the relative stability of the cis and trans isom&rJhe loss of

the third law values are not strongly dependent on the productsBrONO at low temperatures is controlled by its isomerization

of reaction 1.

Finally, Kreutter et af. calculated the low-pressure limiting
value for reaction 1 in the “strong collision” limik,5C, using
methods developed by Trd&:34 Typically, k,°C exceeds
measured values ¢ in N, by about a factor of 34 Kreutter
et al. showed that the calculatkg for reaction 1, 2.0« 10731
cmf molecule? s71, was in fact considerably smaller than the
measured value, 4% 10-31 cmf molecule? s™1, and suggested
the possibility of BrONO formation or the involvement of
excited states of BrNgin the reaction. We have recalculated
the k,S€ for reaction 1, including the formation of BrNGnd
cis- and transBrONO. For these calculations, the Lennard

to BrNO,, a reaction which occurs (at least in part) at the cell
walls. Evidence for rapid reactions of both BrONO and BENO
with Br atoms (101° > k > 101! cm® molecule! s71) has
also been presented.
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