J. Phys. Chem. A999,103,7199-7209 7199

Kinetics and Products of the Reactions BrO+ DMS and Br + DMS at 298 K
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The kinetics of the reaction Br@ DMS — products (1), were examined by use of pulsed-laser photolytic
generation and time-resolved detection of the BrO radical by absorption spectroscopy at total pressures of
60, 100, and 200 Torr N(1 Torr = 133.322 Pa). A value ok = (4.40+ 0.66) x 10722 cm® st was
obtained independent of pressure at 295 K. This value is significantly higher than that determined previously
in low-pressure €4 Torr He), discharge flow measurements (2.60713 cm? s71). By observing the formation

of DMSO directly, we obtain a value of 1.1¥# 0.34 for its yield in reaction 1; the major uncertainty is the
+30% in the DMSO cross section. The impact of these results on the chemistry of the remote marine boundary
layer was assessed using a chemical box model. At daytime concentration2 phiol/mol, the BrO radical

was found to be an important sink for DMS and the dominant source of DMSO. In a second set of experiments,
pulsed-laser photolysis coupled with resonance fluorescence detection of Br atoms was employed to study

the equilibrium kinetics of B DMS + M < Br—DMS + M (4, —4) at 100 Torr N and 295 K. Values of
ks = (6.36+ 0.43) x 10 cm® st andk 4, = (1.02+ 0.07) x 10* s’ were obtained, and were used to
calculate the equilibrium constait; = (6.24 + 0.56) x 10715 cm?. The uncertainty is @ plus estimated
systematic error. At high [Br] ((33) x 102 cm3), Br atoms are lost from equilibrium via the fast reaction
Br + Br—DMS — Br, + DMS (5), and a value oks = (4.2°73) x 10720 cn® s! was obtained. The
uncertainty is 2 plus the major systematic error incurred by estimating{Bdm laser fluence measurements.

Pulsed-laser photolysis combined with time-resolved UV absorption at selected wavelengths and diode array

measurements in the wavelength range-3®80 nm showed a strong absorption centered at 365 nm due to
Br—DMS. A value ofcieo™= (2.7479) x 10717 cm? was obtained by fitting to the time-resolved absorption
signal due to B-DMS. The uncertainty is plus systematic error (as above).

1. Introduction From the standpoint of reaction kinetics, the trend in the
reactivity of XO radicals with DMS is surprising; for Cfd!
and IG11-13the 298 K rate constants are around a factor of 20
lower than for BrO. The previous measurementskphave

Dimethylsulfide (DMS) produced by phytoplankton is the
major natural sulfur-containing compound emitted from the

oceant Its oxidation is initiated by the OH radical*and also employed the discharge-flow method, and there is excellent

by the NQ radical at night,® and proceeds via a complex agreement between the reported values at 298 K;+42(75)
mechanism (see refs’ for comprehensive reviews), resulting _~1 413 (2.74 0.2) x 10713 and (2.4+ 0.6) x 10 3cmBs 1

in the formation of aerosols and cloud condensation ntielei by Barnes et aP Bedjanian et a4 and Le BradS respectively.

WhiCh. can _affeCt the radia_tive budget of the atr_nosphere_ Two studies observe a significant negative temperature depen-
Reaction with the BrO radical may also be an important yence and quote the following Arrhenius expressions:

degradation process for DMS.
k, = (1.5+ 0.4) x 10 exp[(845+ 175)M cm®s™*
BrO + DMS — products (2) (ref 14)

Using a valué of k; = 2.7 x 10718 cm® s! (current k, = (9.17+559 x 10 *exp[(343+ 78)M cm®s *
recommendatiohof k; = 2.6 x 10733 cm® s™1 at 298 K) and (ref 11)
assuming an average BrO mixing ratio of only 0.2 pmol/mol,
Toum@ calculated that reaction 1 would account for 10% of
DMS oxidation globally. Modeling studi€s? of the halogen
chemistry of both the polluted and remote marine boundary layer
(MBL) have identified reactions of HOBr with Cland Br in

with “activation energies” that differ by over a factor of 2 over
the temperature range of about 260 to 340 K. Bedjanian’t al.
and Barnes et &l.also detect the reaction product dimethyl
sulfoxide, (CHS(O)CH;, DMSO) in close to unit yield. The
acidified sea-salt particles that generate the photolabile di- negative temperature (_Jlependence may be indicative of the
halogens Br and BrCl. Both Bs and BrCl are photolyzed formation of an association complex which can then decompose

rapidly to form Br and Cl atoms, resulting in daytime Bro ©ither back to reactants or to give products.

mixing ratios of ~0.5—-5 pmol/mol. At these levels of BrO, BrO + DMS < [CH S(BrO)CI—g]*—> products
reaction 1 will certainly be an important sink for DMS in the 3
MBL. Indeed, reversible adduct formation following the electrophilic
addition of the OH radicaf1”and Br atom¥ to the sulfur atom
* Author to whom correspondence should be addressed. in DMS has been observed.
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As noted by Bedjanian et af,the previous low-pressure
measurements<(@ Torr He) may underestimate the “true”
atmospheric rate constant for BFEODMS, since thermalization
of the association complex may be inefficient. The aim of the
present study was to examine the kinetics of reaction 1, by use
of laser photolytic generation and time-resolved absorption
spectroscopic detection of the BrO radical. Using this method,
relatively high pressures of \tan be employed and problems
associated with the high surface affinity of DMS avoided. In
addition, [DMS] can be measured in situ by absorption
spectroscopy.

As discussed below, a strong, broad absorption centered

around 365 nm has been attributed to the adduct formed by the

addition of Br atoms to DM$®8 Since the present photolytic
generation of BrO radicals is accompanied by Br atoms in unit
yield, absorption due to the BIDMS adduct is observed in

the present system in the same wavelength range as the qulu

vibronic progression. Although we show that the formation of
this adduct has no bearing on the valu&pfletermined in this
study, we have performed experiments to measure its absorptio
cross sections, which required prior knowledge of the kinetics
of its formation. Experiments were therefore carried out using
time-resolved resonance fluorescence monitoring of photolyti-
cally generated Br atoms in an excess of DMS.

2. Experimental Section

The pulsed-laser photolysis/UV absorption apparatus {PLP
UV) used in this work has been described elsewhaithough
it has been modified to allow detection of atoms by resonance
fluorescence (PLPRF). This system allows the direct, in-situ
determination (absorption spectroscopy) of reactant/precursor
concentration. Only details relevant to this modification and the
present study are given here. All experiments were performed
at 295+ 2 K with Nz as bath gas.

2.1. PLP=UV. A 1.3 m long cylindrical cell of 5 cm internal
diameter equipped with quartz end windows was used as the
reaction/absorption/RF cell (Figure 1). Dielectric mirrors enabled
the photolysis beam (excimer laser, 248 or 351 nm, 20 ns pulse
width) and the analysis light (Dlamp) to be overlapped
collinearly along the cell’s major axis. The excimer laser beam
was apertured down t&8 mm diameter to reduce any spatial
nonuniformities in intensity. The shot-to-shot stability vees%.

For 248 nm photolysis of ) a further dielectric mirror situated

Ingham et al.

behind the exit window reflected the photolysis beam back
through the cell, thus doubling the absorption path length for
the generation of radical precursors.

To minimize diffusion, the R-lamp analysis beam sampled
only a small central section of the volume swept out by the
laser. Light from the laser was prevented from entering the
monochromator (0.5 m, grating with 300 lines mindetection
by diode array and photomultiplier tube) by use of an appropriate
filter. The diode array resolution was approximately 1.2 nm,
and the wavelength axis was calibrated to an accuracy of 0.3
nm using the emission lines of a Hg Pen-Ray lamp. For the
time-resolved absorption measurements of BrO, the entrance
and exit slits of the monochromator were set at 0.05 mm,
resulting in a resolution of 0.4 nm obtained from the fwhm of
an isolated Hg atomic line. For measurements 6f BMS and
DMSO absorption, the slits were increased to 0.25 m¥R (
nm resolution).l, was obtained by averaging the PMT signal
obtained shortly before the laser pulse, dpndialues were
recorded after the laser pulse. The absorption was calculated
by use of the relationship Abs= In(l4/1y).

2.2. PLP—RF. The two orthogonal resonance fluorescence
(RF) axes for excitation and collection were situated ap-
proximately 10 cm from the entrance to the cell, and were
orthogonal to the photolysis axis. The atomic-resonance lamp
used to excite fluorescence in photolytically generated Br atoms
consisted of an electrodeless microwave discharge through about
3 Torr of a flowing mixture of a trace of Brin He. This was
achieved by mixing a flow of 0.005% Bm He with a flow of
pure He. The relative amount of Bin the lamp and the total
pressure were adjusted to obtain the optimum signal-to-noise
ratio. The lamp emission passed through a calcium fluoride filter
and through a series of baffles containing a flowing gas filter
of 200 Torr cm of methane in N The calcium fluoride and
CHj filter20 prevented impurity radiation (from O, H, and N
atoms) at wavelengths shorter than 140 nm from entering the
cell, but transmitted the strong Br-atom lines between 140 and
160 nm.

Resonance fluorescence was collected via a magnesium
oride lens (orthogonal to the excitation and laser axes), and
directed to the front plate of a solar blind PMT (Csl photo-
cathode). To minimize background scattered light, a Wood'’s

"horn was situated at the opposite side of the cell from the lamp.

The signals were processed by use of photon counting tech-
nigues with multichannel scaling.

For the RF experiments the laser beam was apertured down
to a diameter of approximately 4 mm, so that it was just larger
than the diameter of the lamp emission at the point of
intersection. Under typical flow conditions (see below) it was
possible to run the laser at a maximum of 3 Hz so that the
photolyzed volume was replenished with fresh reactants prior
to the next laser pulse.

Br atoms were generated by the 351 nm photolysis ef&r
= 3.78x 10720¢cn?), and the spir-orbit excited-state BfPy,)
produced was relaxed rapidlybus) to the ground state by
the addition of 3 Torr of K (reaction 3k ~ 6 x 10712 cm?
s1).2t

Br, + hv (351 nm)— 2 Br (2)

®)

By use of known concentrations of Bf1—10 x 10 cm~3)
and 351 nm laser fluences (360 mJ cn12, measured in situ
by use of a calibrated Joule meter), it was possible to generate
known concentrations of Br atoms. The detection limit defined

Br(*Py,) + H, (v =0)— Br(*Py) + H, (v = 1)
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as S/BY2 = 1 for a 50 ms integration time was determined to
be approximately 3« 10° cm2 (in 100 Torr Nb), where S is

the signal directly after the laser pulse and B is the mean
background scattered light signal (obtained by averaging the
signal prior to the laser pulse). The decays were corrected for
the background signal prior to analysis. The Br-atom resonance
signal was shown to vary linearly with [Br] for [Brk 3 x

102 cm~3; above this value a nonlinearity was encountered due
to the reabsorption of fluorescence by Br atcthi. is noted

also that there is significant attenuation of the fluorescence signal
when [DMS] is present, due to its high absorption cross sections
(5 x 10717 cm?)2 in the wavelength range of the strong Br-
atom lines. At the maximum [DMS] (¥ 10 cm~3) the initial
signal was reduced b330%.

The selectivity of the detection system toward Br atoms was
tested by generating approximately!d®, O, and Cl| atoms
cm=3in 100 Torr N by the 248 nm photolysis of methyl
mercaptan (CgBH), and the 351 nm photolysis of N@nd
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Cl,, respectively. Cl atoms are considered since there may be a

very small C} impurity in the Bk sample which is used both
in the resonance lamp and as a Br-atom precursor.

time [10* 5]

No Figure 2. Br-atom decay in the presence of [DMS] 3.85 x 104

fluorescence signals were observed for these atoms, and it issm=3, The lower trace is for [Brfv 3 x 10 cm 2 and the solid line

thus concluded that the detection is specific to Br atoms.
2.3. ChemicalsOzone was prepared by use of a commercial
ozonizer, and was stored on desiccated silica gel7g °C. It
was admitted to the cell by passing a flow of ttirough the
storage trap. A flow of Brwas generated by passing biver
the surface of liquid Br held at ambient temperature in a
bubbler. DMS was added by flowing,Nhrough a bubbler
containing DMS held at-78 °C. Prior to use, the volume of
DMS in the bubbler was reduced by about 40% by a flow of
N2 in an attempt to remove any potential minor impurities that
were more volatile than DMS. All gas flows were regulated by

mass flow meters, and the concentration of the reactants was

is a fit to eq i. The upper trace is for [BF¢ 1 x 102 cm™3, and the
solid line is a numerical fit described in the text,48 integration time

per channel and 3000 laser pulses gives a total integration time of 15
ms per channel).

diffusion of Br atoms out of the detection volume is slow on
this time scale (16 1 s™1). The Br decay was analyzed by use
of nonlinear least-squares fitting to the analytical expression
(i) for pseudo-first-order decay to equilibrium:

ko + ke expl(—k — k)]
kit ky

S= S;{ } exp=Dt] ()

determined in situ by diode array absorption measurements at

220 nm for DMS ¢ = 1.7 x 10 cm?)?*and Q (0 = 2 x
10718 c¢n?),” and at 416 nm for Br(o = 6.5 x 10719 cn¥).?5
With total pressures of 60, 100, and 200 Torr and flow rates
between 5 and 20 L (STD) mia (sIm), the residence time in

where§ and$, are the fluorescence signal at timandt = 0,
respectivelyk—4 is the rate constant for reactiord; k: is the
pseudo-first-order decay of Br atoms to equilibrium whigre
= kyDMS]; the final exponential term accounts for the slow

the cell was about 3 s. For absorption measurements, the timediffusion of Br atoms and BrDMS from the detection zone,
between the laser pulses was always greater than the residencahereD ~ 16 s*. The rate constant for the addition process

time in order to ensure that the reaction products were removed
prior to the next pulse. The stated purities 05,BDMS, O,

Hy, and N, were 99.5% (Aldrich)>99% (Aldrich), 99.996%
(Linde), 99.996% (Linde), and 99.996% (Linde), respectively.

3. Results and Discussion

3.1. Kinetics of the Reaction of Br Atoms with DMS.Br
atoms were produced by the 351 nm photolysis ef(Bractions
2 and 3) in the presence of an excess of DMS (T)yx 10*
cm3), in 100 Torr N and 3 Torr H. Typically, the initial [Br]
(~1—-30 x 10 cm~3) was at least an order of magnitude lower
than the [DMS]. The rapid pseudo-first-order [Br] decay to
equilibrium (reactions 4;-4) was followed by time-resolved
RF with a resolution of 5us per channel. Each decay was
obtained from the coaddition of 106@000 laser pulses.

(4)

Analysis of the flowing DMS/Bf mixtures by diode array
absorption spectroscopy showed that, under the experimenta
conditions used for the kinetic and cross section measurements
there was no dark reaction betweer, Bnd DMS.

Figure 2 (lower trace) shows an example of a Br-atom decay
to equilibrium via reactions 4;-4. In the absence of DMS the

Br + DMS + M < Br—-DMS + M

(reaction 4) was obtained from a plotlafvs [DMS] as shown

in Figure 3, where a linear dependencekpfon [DMS] is
observed. A value df; = (6.36+ 0.43) x 101 cm?® s~ was
obtained from a weighted least-squares fit to the datakand

= (1.024 0.07) x 10* s'1 was obtained from a least-squares
weighted average of the values returned from the fitting
procedure. The uncertainty refers to statistical scatter atd¢he 2
level, and includes a systematic error of 3.9% in [DMS] (based
upon a measured maximum 3% drift during experiments and
2.5% uncertainty in the cross sectioR$)These values oky
and k-, allow us to calculate the equilibrium constaft =
(6.24 £ 0.60) x 10715 cm? at 295 K. This value oKy is in
good agreement with a value of approximately 3015 cm?3
obtained from the data of Wine et'§lat the same temperature.
The present values &k andk—, are also consistent with those
measured by those authors.

Diagnostic tests were carried out which show that there was
no influence of laser fluence or photolyte concentration f])Br
on the data obtained for variation of [Br] between 1 anet 4
[0 cm™3. Variation of the laser repetition rate between 0.5
and 3.1 Hz also had no influence on the measured kinetics.

The behavior described above and exemplified in Figure 2
(lower trace) was observed for initial [Br] in the range—-4)

x 10' cm™3, where Br atoms decayed to a true equilibrium.
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5] employed a numerical integration pack&ge fit the Br-atom
decay, with a mechanism | consisting of reactions-4, and

(5), with ks the only variable parameter. The first-order loss of
Br atoms and BrDMS from the detection volume was fixed

at 16 s*. Figure 4 shows the fit to the Br-atom decay out to 20
ms. The initial [Br] and [DMS] were varied in the range-10

30 x 10" and (0.7-7) x 10 cm~2 respectively, and the Br-
atom decays were analyzed as above. No systematic dependence
of ks on [Br], [DMS], laser fluence, or photolyte concentration
was observed. An average valueket= (4.2°73) x 10710 cm?

s 1was obtained from 20 data sets. The quoted uncertainty refers
to statistical scatter at thesdevel, and includes a systematic
error of 3.9% in [DMS] (see above), ant26%H-53% from
estimated uncertainty in [By] It was possible to measure the
laser fluence in situ at the point where the laser beam intersected
the emission from the microwave lamp, thus eliminating any

T T T T . y systematic error associated with beam divergence. The major
0 1 2 3 4 5 6 7 contribution to the systematic error in [Bris a conservative
“ 3 estimate of the accuracy of the Joule meteB(%).
[DMS] [10™ cm™] Reaction 6 is another potential reaction which could produce

Figure 3. A plot of the dependence of the rate of pseudo-first-order a decay from equilibrium, and is exothermic by approximately
approach to equilibrium on [DMS]. The error bars shown are the 95% 70 kJ mot™.

confidence limits ink; returned from the fit, and a 3.9% systematic

error in [DMS]. A value ofk, = (6.36 & 0.43) x 107 cm® st was _ e

obtained from the weighted fit to these data (95% confidence level). 2 Br—DMS —Br, + 2 DMS ®)

Although it was possible to fit the Br-atom decays with a
mechanism Il including reactions 4,4, and 6, over the range
of [Br] and [DMS] employed, the value dfs returned was
anticorrelated with [DMS] and varied by over an order of
magnitude. If reaction 6 occurred to any significant extent then
we would expect to see a dependence#bn [DMS] (with
mechanism |), since at higher [DMS] more Br atoms would be
tied up in equilibrium as BFrDMS, and reaction 6 should make
a greater contribution. Since mechanism | reproduces well the
experimental decays over a wide range of conditions and
delivers a consistent value ki, reaction 5 is considered to be
validated, and reaction 6 is at most only a minor process, and
we estimate an upper limit dfs < 2 x 10711 cm? s7L. This
value was obtained by fixing the best fit value kf with
mechanism |, and then manually varyikguntil the fit to the
observed decay was just at the limit of the experimental noise.
A e e e e e e e B B s s s Reaction 6 was not considered in the subsequent analysis of
0 0.5 i 15 ) the absorption data used to obtain absorption cross sections for

3 Br—DMS.
time [10™ 5] Reaction 7 was also considered not to occur.

Figure 4. Br-atom decay to equilibrium followed by second-order loss
from equilibrium. Initial [Br] and [DMS] were~ 1.5 x 10*2and 2.4 Br + DMS — CH,SCH, + HBr @)

x 10" cm3, respectively. The solid line is a fit and is described in

the text; lower trace shows residuals. The insert shows the same data The rate constant for this reactio as measured over the
at early reaction times on a logarithmic scale uintegration time nsta riisT lon was sur ver

per channel and 1000 laser pulses gives a total integration time of 5t€mperature range 38604 K by Jefferson et &\ and
ms per channel.) extrapolation of the reported Arrhenius expression to room
temperature yields a value & ~ 3 x 107 cm?® s1. Under
the range of [DMS] employed, this value would only produce
a first-order loss of Br atoms similar to the rate of diffusion of
Br atoms from the detection volume, which is very slow when
compared to the observed loss from equilibrium. However, it
is noted that at room temperature the dominant reaction of Br
Sitoms with DMS is reversible addition (reactions-41) 8 Since
there is a distinct switch in mechanism from abstraction to
addition as the temperature is reduced below 318 ke
Br + Br—DMS — Br, + DMS (5) extrapolation of the high-temperature data should be viewed
with some caution.

Since we know already the rate constants for reactions 4, The rate constafft for the recombination of Br atoms

—4, [DMS], and initial [Br] (see Experimental Section), we (reaction 8) is 2.9x 10714 cm?® s™1 at a pressure of 100 Torr

counts
1

time [107 5]

However, when the initial [Br] was increased to between 10
and 30x 10 cm~2 the behavior was distinctly different. Again,
rapid decay to equilibrium was observed, but then a slower
decay out of equilibrium was observed as shown in Figure 2
(upper trace). As exemplified in Figure 4 for longer reaction
times, this slower decay has second-order characteristics. It ha
been proposéd that at relatively high [Br], reaction 5 may
occur, which would result in such a decay from equilibrium.
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N2, and shows that this process is unimportant on the time scales
employed.

Br+Br+M—Br,+M (8)

From the data of Wine et a8 the enthalpy of formation of
the Br—DMS adduct is—60.7 + 5.0 kJ mof, which lead$to
a AH; for reaction 5 of—131.8 + 10.9 kJ mot?l. The high
value ofks can be reconciled with the exothermicity and the
weakly bound nature of the BIDMS adduct. It appears that
long-range attractive forces will contribute to stabilization of
the transition state, given the expected high polarizability of
the S-Br bond and also the polarizability of the nascent-Br
Br bond.

3.2. Absorption Cross Sections of the BrDMS Adduct.
With reaction 5 established as the process which removes Br
atoms and BrDMS from equilibrium, it is possible to obtain

absorbance [10]

7T T T TP T [T T T[T T T [T T T[T T T[T T[T

absorption cross sections for the-BDMS adduct using PLP
UV if we know the initial [Br] and [DMS]. Unfortunately, due 0 02 04 06 08 I 12 14
to the nonlinearity in the RF signal abowe3 x 10*2 cm 3, it time [107 ]

was not possible .to perform simultaneous RF and apsorption igure 5. Decay of absorbance due to the-BDMS adduct at 365
measurements, since we required adduct congentrgﬂons of a m. Initial [Br] and [DMS] were 1.1x 10 and 2.5x 104 cm?,
least 5x 10" cm~3 to obtain reasonable absorption signals for respectively. The solid line is a fit and is described in the text; lower
analysis. This required that the initial [Br] was in excess of 5 trace shows residuals. 6000 laser pulses were averaged as 10
x 102 cm™3, at least a factor 2 higher than in PERF resolution.
measurements, and in the same range as for the-BEIMS
measurements. 3.0

To calibrate the adduct absorption cross sections, the initial ]
[Br] had to be known. For this reason, Br atoms formed in the 751
351 nm photolysis ofx 5 x 10' cm™3 Br,, were converted ~
stoichiometrically to BrO radicals in an excess of (@ x 10
cm~3). Absorption due to BrO was measured at 338.3 nm and
converted to concentration using= 1.55x 10717 cn?.3° The
O3 was then replaced with a range of known [DMS], and time-
resolved absorption profiles were measuredai(Br—DMS)
~ 365 nm.

The Br—DMS absorption signal was then fitted with mech-
anism | (reactions 44, and 5) as employed above but with
fixed at the value obtained in this work. The only variable ]
parameter was the cross section ofBYMS at 365 nm. An 0.5
example of a fit to the BFDMS absorption signal is shown in 1
Figure 5. At short times, the absorption profile is partially 001
masked by fluorescence from the filter used to prevent laser '
light entering the monochromator. 300 350 400 450

[Br] and [DMS] were varied in the range (G-6) x 103
and (0.77) x 10 cm=3, respectively, and an average value
of aﬁffxnntBr—DMS) — (2.74&:3 x 10717 c? was obtained by Figure 6. Absorption spectrum of the BIDMS adduct. The smooth
fits to 10 data sets. The quoted uncertainty refers to statistical SOlid line is ahf't 2t° a Gaussian function d(eq 'f')' ggso shown dfor
scatter at the@level, and includes an assessment of systematic ﬁrc:gpanson Is the 298 K BrO cross section data of WaHistructure
errors including 3.9% in [DMS] (see above), 10% in the BrO '
cross sectiod? and —36%H-60% from the respective error maximum Aabs(Bs) ~ 0.0002. DMS does not absorb in this
quoted forks. No systematic dependence @ffX""KBr—DMS) wavelength range. The spectrum was converted to cross sections
on [Br] and [DMS] was observed. by normalizing tooe™ obtained as described above. The

By generating Br atoms as above in the presence of DMS cross sections of the single absorption band centered at 364.8
((0.7-7) x 10" cm3), absorption due to the adduct was nm of the B-DMS adduct are shown in Figure 6, together
recorded with a gated diode array detector. Measurements wereyith a fit to a Gaussian function (eq ii):
made over the wavelength range 350 nm and comprised
of the co-addition of 5000 laser pulses with light intensity Amand? .
recorded 50 ms before the laser puldg),(and the post- a(/l)zomaxex;{—FW[lnT } (ii)
photolysis spectra 6@s after the laser pulsds). The 60us
delay after firing the laser prevented the detection of fluores- whereg(1) is the cross section at wavelengthomax = 2.74 x
cence from the filter. Absorption over a diode array gate time 10717 cn?, and Amax = 364.8 nm are the cross section and
of 100 us was calculated via the relationship abdn(ly/1s). wavelength at maximum absorption, and F¥\64.1 is a width

[Br] was kept at 6 x 102 cm~2 so that absorption changes parameter. Figure 6 also shows the 298 K BrO cross section
due to the loss of Br(omax = 416 nm) were negligible, i.e.,  data of Wahnéef for comparison (see later).

2.0

15

1.0

4

Cross Section [10-17 cm?]

LI N S R N ) N B A R SR EN B B B R B B

Wavelength [nm]
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J-value calculations were performed (described elsewfiere)
which show that the atmospheric lifetime of BDMS with
respect to photolysis is very short indeed, ranging from.6
s at 15 km and 40zenith angle tox 3.5 s at the earth’s surface
at 7C zenith angle.

Since the products of BfDMS photolysis are almost
certainly Br atoms and DMS, even though the photolysis rate
of this species is indeed very high, it will have no net effect on
the rapid thermal equilibrium (reactions 44) between Br
atoms and DMS in the atmosphere.

3.3. Kinetics of Reaction 1For the kinetic study of reaction
1, BrO radicals were produced by the 248 nm photolysis Hf O
((0.5-5) x 10 cm3) in the presence of Br((2—6) x 10%
cm~3) and DMS ((0.5-5) x 10" cm™3) in 60 to 200 Torr N
bath gas (reactions-911). The bath gas ensured that'D)
formed in the photolysis was relaxed #20 ns to OfP) via
reaction 10, which is effectively instantaneous relative to the
subsequent chemistry. This BrO production scheme results in
BrO and Br atoms in approximately the same yield.

O, + hv (248 nm)— OCP) + O, (9a)
—0('D) + O, (9b)

o('D) + N,— O(CP)+ N, (10)
O(P)+ Br,— BrO + Br (11)

The rate constafifor reaction 11 is 2.0< 10711 cm3 sl at
298 K, and conditions were selected so thap]Br [DMS] to
minimize the loss of O atoms via reaction Kg»(= 5.0 x 10711
cm?® s71).7 CHz radicals formed in reaction 12 will react rapidly
with the excess Brvia reaction 13 K33 = 3.9 x 10711 cm?
s71).32 The fate of CHSO in this system is uncertain, but we
show later that it has no effect on the valuekgfobtained in
this work.

O(*P)+ DMS — CH,SO+ CH, (12)

CH, + Br, — CH,Br + Br (13)

BrO undergoes rapid self-reaction (reactions 14a, 14b), and
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Figure 7. An example of a BrO decay due to the self- reaction 4 only,
and a fit to eq iii. The lower trace shows residuals. The insert shows
the same data but linearized by plotting inverse concentration. Precursor
concentrations: [g) = 6 x 10 and [Br] = 6 x 10 cm3. Decay

obtained from the coaddition of 500 laser pulses at a resolution of 50
us per channel.

An example of a BrO decay is shown in Figure 7, together
with the nonlinear least-squares fit to the integrated form of
the second-order eq iii,

1 1
[BrO], [Bro],

+ 2kt (iii)
where [BrO] and [BrO}, are the BrO concentration at tirie
andt = 0, respectively, anll 4 is the bimolecular rate constant
of reaction 14. A value o4 = (3.11+ 0.40) x 100 2cm3s™?
was obtained from a weighted least-squares average of the
individual values returned from the fit. The quoted uncertainty
refers to statistical scatter at ther 2evel, and includes a
systematic error of 10% in the BrO cross sectighdNo
dependence dkj4 on laser fluence (3660 mJ cnT?), initial
[BrO] ((0.5—5) x 10 cm3), or laser repetition rate (0-40.3

Hz) was observed. This value is in excellent agreement with
the 298 K literaturérate constant of 3.% 10712 cm® s,

a set of experiments was performed to measure the rate constant The generation of BrO by this method results in a ap-

for this process at 100 Torr.

BrO+BrO—2Br+ 0,
—Br,+ 0,

(14a)
(14b)

This serves both as a diagnostic test of our experimental

proximately equal production of Br atoms (reaction 11). As
already shown, these react with DMS to form a strongly
absorbing adduct (Figure 6) that underlies the vibronic bands
of BrO, and is removed rapidly via reaction 5 (Figure 5), and
thus contributes most at early reaction times4(ms). To
overcome this problem when the reaction of BrO with DMS
was being studied, differential absorption due to BrO alone was

procedure and is necessary as the self-reaction of BrO occursmeasured by taking back-to-back decays both on the (7,0) band
even in an excess of DMS, and needs to be considered in the338.3 nm;o = 1.55x 1017 cn?) and at the minima between

kinetic analysis. With the detection wavelength at 338.3 nm, the (7,0) and (8,0) bands (337.5 non= 3.03 x 1018 cnp).30

and with [Q)] = (0.5-5) x 10" cm~2 (roughly equal to the
initial [BrO]) and [Br,] = 6 x 10 cm3, it was found that it
was possible to photolyze most of the @hd observe pure
second-order BrO decays out tdl00 ms. This indicates that
there is no observable regeneration of BrO radicals via the
reaction of Br atoms (formed in the self-reaction 14a) with O
(reaction 15), and that diffusion is unimportant when observing
BrO decays.

Br+ O;—BrO+ 0O, (15)

The initial absorption at 337.5 nm was alway50% of that at
338.3 nm. The cross sections employed were taken from the
298 K data of Wahner et &. BrO decays could thus be
monitored in the presence of (6:5) x 10 cm~3 DMS. One
measurement consisted of the coaddition of 2800 laser
pulses.

In these experiments, the maximum loss of O atoms via
reaction with DMS (reaction 12) was approximately 15%. It
was not possible to increase the,Boncentration further to
suppress reaction 12 because we observed a dark reaction
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Figure 8. An example of a BrO decay in the presence of DMS, and
a fit to eq iv (solid line). The lower trace shows residuals offset for
clarity. Also shown is a calculated BrO decay (broken line) which would
occur in the absence of DMS. Precursor concentrations} 2.5 x
10%, [Bry] = 6 x 10%, [DMS] = 2.5 x 10" cm2. 500 laser pulses
were averaged at a resolution of 106.

between By and DMS when [Bj] was increased to around *0
cm3. This also precludes increasing [DMS] to force reaction
1 and minimize loss of BrO via reaction 14. It is believed that
this dark reaction forms a charge-transfer complex,{Br
DMS) .34 At significantly higher Bs and DMS concentrations
(>10% cm™3), a yellow compound (thought to be bromosulfo-
nium bromidej* was observed at the mixing point and disap-
peared over a few minutes when the,Band DMS were
excluded from the flow. It should be noted that under the
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Figure 9. A plot of the first-order component of the BrO decdy.{

vs [DMS] at 295+ 2 K and 100 Torr. The solid line is a weighted
least-squares fit to the data. The error bars shown are the 95%
confidence limits irk;s obtained from the fitting procedure, and a 7.4%
systematic error in [DMS]. The open circles are forjBr 6 x 10'°

cm~2 and the filled circles are for [Bf = 2 x 10 cm™3. A value of

ki = (4.40+ 0.22) x 1073 cm?® s7* was obtained from a weighted
least-squares fit to all the data (95% confidence level).

(kisp vs [DMS]. Figure 9 shows the expected linear dependence
of kist on [DMS] and the zero intercept. The open circles are
for measurements with the excess{Br 6 x 10 cm=3. As

the [DMS] is increased, a greater proportion of the O atoms
produced in the photolysis of{eact with DMS (reaction 12).
With [DMS] at the maximum value and P~ 2.5 x 103 cm 3,
approximately 15% of the O atoms react with DMS to form a

conditions employed throughout the kinetic measurements no™Maximum of ~ 3.7 x 10> cm™® CHsSO. Since the linear

dark reaction between Band DMS was observed. This was

dependence dfs;on [DMS] is not affected by this, it is assumed

confirmed by diode array spectroscopic analysis of the flowing that the formation of CkBO does not measurably affect the
mixtures, whereby the concentration of DMS was unaffected decay rate of BrO. To confirm this, the initial [Bwas reduced

by the addition of the excess BrFurthermore, a similar test

to 2 x 10 cm™2 to enhance the possible contribution from

confirmed that there was no observable dark reaction betweenthis secondary chemistry, such that a maximun~@3% of

O3 and DMS.

the O atoms reacted with DMS to forrs8.2 x 102 cm3

Under the experimental conditions selected (see above) whereCHsSO. The [DMS] was corrected accordingly3%), and as

[DMS] was always greater than a factor of 10 higher than

shown in Figure 9 (filled circles), no contribution from this

[BrO],, there is a contribution to the BrO decay due to reaction S€condary chemistry is observed. s 9 )
14, and therefore the decays were analyzed as mixed first- and A value ofky = (4.40+ 0.66) x 10**cm’® s™* was obtained
second-order kinetics by use of nonlinear least-squares fitting @t 295 K and 100 Torr from a weighted least-squares fit to all

to eqiv:

2k 2k
+ k—) explyed) — (k—)} (iv)

1 1
Bro]l, | \[Broi,

where [BrO] and [BrO}, are the BrO concentration at tinte
andt = 0, respectivelyki4 is the rate constant for reaction 14,
and ki is the pseudo-first-order decay rate, whewg =
ki[DMS]. For all fits, the value oki4 was fixed at the value

the data in Figure 9. The uncertainty quoted refers to statistical
scatter at the@level and includes an assessment of systematic
errors including 7.4% in [DMS] (based upon a measured
maximum of 7% drift during experiments and 2.5% uncertainty
in the cross sectiong}. To assess the effect due to the 10%
uncertainty in the BrO cross sectidhsve recalculated and
refitted every BrO concentratiertime profile with the dif-
ferential cross section increased and decreased by 10%. The
effect of this on the rate constant obtained from plot&;gfvs

measured in this work. Figure 8 shows an example of a BrO [DMS] was + 5%.

concentratiorrtime profile, and a fit to eq iv. Also shown for

Tests were performed to seekfs was influenced by the

comparison is a calculated BrO decay in the absence of DMS. initial BrO concentration. With [DMS] and [B} fixed at 2.1

As confirmed above, with the low [§p employed throughout
this study, the regeneration of BrO (reaction 15) from the Br

x 10" and 6 x 10 cm2 respectively, the [g] was held at
approximately 0.5, 1, and 103 cm~3. Thus it was possible

atoms formed in reaction 1 and in the BrO self-reaction 4a was to vary the initial [BrO] over a similar range as the3JONo

unimportant.

systematic dependence kis; on initial [BrO] was observed,

The rate constant for reaction 1 was obtained from the slope thus confirming that the first- and second-order components of

of a plot of the first-order component of the overall BrO decays

the BrO decay were separated reliably. Considering all the
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measurements shown in Figure 9, when we divide the data intoand therefore did not exist long enough to significantly perturb
two sets where the initial [BrO] is:1.3 and>1.6 x 103cm™3, the much slower BrO decay as shown in Figure 8. The data in
the values ofk; obtained from the slopes of plots &fs vs Figure 8 also show that we could separate reliably the absorption
[DMS] are not separable statistically at the Rvel. Thus, the due to BrO and B+ DMS in the first 2 ms where the maximum
value of k; obtained is independent of initial [BrO]. This absorption due to BfDMS occurs.

diagnostic test also serves to confirm there is no detectable Although [O;] is low, we considered also the potential

influence of the B-DMS adduct ork,, since variation of [BrQj reaction of B=DMS with Os (reaction 17) (exothermic by about
results in a similar variation in [Br], and thus [BDMS] (see 68 kJ mot 1) which would be most important at early reaction
later). times before the BfrDMS is removed, and would be a

To test for any pressure dependence in the rate constantSecondary source of BrO. This process can also be ruled out as
experiments were repeated at 60 and 200 Torr. Initial experi- the experimental profile of BrO (see residuals at early reaction
ments at 60 Torr with the BrO self-reaction showed that times in Figure 8) is not consistent with the occurrence of this
diffusion was unimportant in the first 40 ms, and we only reaction. Additionally, the BrDMS profile in the presence and
analyzed the data out to this time; this time period encompassed@bsence of ®is unaffected, i.e., we can fit the profiles well
>80% of the total BrO decay. With [Brheld at 6x 1015 cm~3 with the mechanisms describe_d in t_he text with no evidence of
and [DMS] varied as above, values lof of (4.40 + 0.60) x systematic errors in the chemistry involved.

10713 and (4.364 0.65) x 10713 cm?® s~1 were obtained at 60
and 200 Torr, respectively, and show that there is no measurable O; + Br—DMS—Bro + O, + DMS 17
pressure dependence over this range. Again, a linear dependence
of kist on [DMS] was observed with zero intercepts. The
uncertainty quoted is as described above, and the valuks of
at each pressure are not statistically separable atdHevel.

Diagnostic tests were performed which showed that there was
no influence of laser fluences30—60 mJ cnT?) or repetition
rate (0.3-0.1 Hz) on the value df; obtained. The independence
of ky on laser fluence confirms that there was no measurable

influence of the photolysis of DMS at 248 nmr ¢ 1.28 x that the association complex is thermalized under these condi-

0 . > . -
107 cr.n?).. On consideration of the respective experlmgntal tions. However, the overall effect la of varying pressure from
uncertainties, the value of the rate constant for reaction 1 <4 Torr He to 606-200 Torr N is less than a factor of 2

determined in this work is significantly higher than all of the
previous determinations at low pressures of He. This is

consistent with the proposed mechanism of reaction 1, which yield, and experiments were carried out to check this at higher

mayé re?;nre tf;grm?:l|z?rt]|on tc;]f the alisouatlotn ;:r?rrl%l.eﬁ,!onolr to pressures. In the first set of experiments, we measured absorption
product formation. Furtner, this work supports the "nigh-valué g, 14 the formation of DMSO directly at 210 nm € 8.2 x

of the rate constant relative to the analogous reactions of CIO 1018 ¢nP).3 Experiments were performed with the same

and 10 with DMS. . ~ methodology as the kinetic study of reaction 1 where a
The formation of the Br-DMS adduct is the greatest potential  gjfferential decay due to BrO alone was recorded, and then the
complication in this study (both optically and perhaps chemi- monochromator was shifted to 210 nm and the slit width was
cally), and we tested further the possibility that a reaction such increased to 0.25 mm since the DMSO spectrum is unstructured.
as (reaction 16) can lead to an over-determinatiok;oflhe Initial experiments under conditions designed to maximize
potential reaction 16 of BrO with BfDMS is exothermic by ~ pMSO formation ([BrO} ~ 4 x 103, [DMS] ~ 4 x 10%, and
about 70 kJ mott if the reaction proceeds via Br-atom exchange [Bro] = 6 x 10 cm3) showed there was an initial positive

(reaction 16a), and exothermic by about 260 kJ Thdfl the contribution to the absorption profile at 210 nm prior to the

3.4. Products of Reaction 1Reaction 1 is exothermic by
~128 kJ mot? if the products are DMSO and Br atoms. The
formation of weakly bound adducts between OH radicals, and
Br atoms with DMS is exothermi&3> by around 46-60 kJ
mol~%. Assuming a similar bond strength in the BFOMS
intermediate, then thermal decomposition back to reactants may
be expected. The present value kafhas been shown to be
independent of Mpressure from 60 to 200 Torr, which indicates

Previous low-pressure measurements determined the products
of reaction 1 as DMSO and Br atofdd4in approximately unit

products are Brand DMSO (reaction 16b). rise of DMSO, which was<20% of the maximum absorption.
When the Bs was removed from the system so that all the O
BrO + Br—DMS — Br,0 + DMS (16a) atoms reacted with DMS (reaction 12), the magnitude of this

absorption increased and was characteristic of the rapid (
us) formation of a stable species with no detectable self-reaction.
Further, the magnitude of the absorption was consistent with
We have presented experimental evidence to suggest thathe loss of O atoms by reaction with DMS relative to reaction
reaction 16 does not occur to any significant extent (also with Br,. The stable species is most likely €50/ but was
numerical simulation requires only reactions 1 and 14 to fit the not investigated further since its contribution to the absorption
experimental BrO decay data, and returns valueskofn profile was reduced considerably by selecting conditions where
excellent agreement with that obtained via plotkgf versus virtually all (>97%) the O atoms reacted with B{{BrO], ~
[DMS]). To test this further, a reaction system including 103 [DMS] = 1 x 10 and [Bp] = 9 x 10 cm3).
reactions 4,—4, 5, 14, and reactions 1 and 16 was modeled.  To confirm that the absorption was due to DMSO, diode array
We fixed the values of the rate constants determined in this measurements were made over the wavelength range20m
work, other thark; which was fixed at the recommendedhlue nm at various delays after the laser pulse (1 to 50 ms) with a
2.6 x 10713 cm?® s71, and allowedkss to vary to fit the BrO gate time of 5 ms. The spectra obtained were in good agreement
decays. The initial [Br] was equated to the initial [BrO] obtained with the DMSO spectrum of Hynes and Wiffe.
from the analytical analysis. It was not possible to reproduce Figure 10 shows an example of time-resolved measurements
the experimental decays, since reaction 16 introduces excessivef the BrO decay and the DMSO rise. The solid line is a
second-order character at early reaction times. We show laternumerical fit to the BrO decay with a mechanism including
that the majority of the BrDMS had been removed 2 ms, reactions 1 and 144 was fixed at the value determined above,

— Br, + DMSO (16b)
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Figure 11. An example of the temporal profile of [BIDMS] in the

BrO + DMS system, for initial [Br]~ [BrO] = 1.5 x 10'3and [DMS]

= 2.1 x 10" cm™3. The insert shows the same data on a logarithmic
scale. The lines shown are the result of fits to the-BMS absorption
signals where the Br-atom yield from reaction 1 was fixed at (i) unit
yield (dashed line), (ii) 0.7 yield (solid line), and (iii) no Br-atom
formation (broken line). The data were obtained from the coaddition
of 1500 laser pulses from three separate experiments, with time
resolutions of 20 and 100s for the first 50 and next 400 channels,
respectively.

time [s]

Figure 10. An example of the decay of BrO and the rise of DMSO.
The solid line is a numerical fit to the BrO decay and the broken line
is the predicted rise of DMSO. The dashed line is the predicted DMSO
rise scaled to fit the experimental DMSO rise (data points). [BrO]

1 x 10 [Bry] = 9 x 10, and [DMS]= 1 x 10" cm 2. There is~

30% loss of BrO via reaction 15, and at later reaction times the effects
of diffusion and cell flow-out are observed and account for a loss rate
of ~ 1.7 s'*. 500 and 1500 laser pulses were averaged to obtain the
BrO decay and DMSO rise, respectively, at a resolution of 280

andk; = (4.214+ 0.18) x 103 cm® s~ was returned from the
fit (20 error), in good agreement with the value obtained above. Same processes as described in section 3.1, the only additional
The broken line is the predicted rise of DMSO assuming unit processes are the formation of Br atoms via reactions 1 and
yield of DMSO in reaction 1, and indicates that under the 14a. If this is the case, then we should be able to describe the
conditions selected there 30% loss of BrO via its self-  kinetics of B=DMS formation and loss with reactions 44,
reaction 4. The absorption profile at 210 nm was corrected 5, and reactions 1 and 14 which produce Br atoms over a longer
(~20%) for the loss of DMS via reaction 1 prior to calculating time period than the instantaneous production of Br atoms from
the DMSO concentration via the Bedrambert relationship.  the BrO source chemistry.
This was done by calculating the DMS loss profile in the To measure time-resolved absorption profiles of-BMS
numerical fitting procedure, and converting it to absorption via the following approach was adopted. First, differential absorp-
the known cross section at 210 nm# 1.73 x 10718 cn?). 24 tion measurements were performed at 338.3 and 337.5 nm to
The fit to the data points (dashed line) was obtained by scaling obtain the initial concentration of BrO (reaction 11; and thus
the predicted DMSO profile. At later reaction times the effects Br atoms). Then the monochromator was shifted to 390 nm
of diffusion and cell flow-out are observed and account for a where B—DMS absorbs (see Figure 6) but BrO does not. As
loss rate ofv1.7 s'1. The experimental DMSO profiles display the Br—DMS spectrum is unstructured, it was possible to
the same kinetic behavior as that predicted by numerical increase the width of the monochromator slits to obtain
integration, thus indicating that the DMSO is formed via reaction improved signals. Time-resolved absorption measurements were
1. A value of 1.17+ 0.34 was obtained for the yield of DMSO then performed for a range of initial [BrG¥ [Br] ((0.7—7) x
via reaction 1. The uncertainty refers to statistical scatter at the 10 cm3) and [DMS] ((1.5-5) x 10*4cm™3). Figure 11 shows
20 level, and includes an assessment of systematic errorsan example of the formation and decay offYMS. The [Br—
including 30% in DMSO cross sectiéh,10% in BrO cross DMS] was calculated by use @f(390 nm)= 2.04 x 107
section, and 7.4% in [DMS] (see above). We conclude that cn? obtained earlier. The form of the profile is similar to that
DMSO is the major product of reaction 1, but given the shown in Figure 5 whereby the BDMS is formed rapidly and
uncertainty in the DMSO cross section, this result implies a is then removed by reaction 5.
lower limit of 0.83 for the DMSO yield, and the possibility of Attempts were made to fit numerically the absorption signals
other minor product channels cannot be excluded (see below).employing a mechanism including reactions44, 5, 14, and

In additional experiments, an indirect method was employed 1. ks, k-4, k14, andk; were fixed at the values obtained in this
whereby the temporal profile of BIDMS was used as a  work. The parameterks and o(Br—DMS) have the greatest
spectroscopic marker for Br atoms (the coproduct of DMSO in uncertainty, and were allowed to vary to obtain the best possible
reaction 1) in this system. As described in section 3.1, we fit to the experimental data. Figure 11 shows the results of this
determined the rate constants for the equilibrium process analysis where the Br-atom yield from reaction 1 was fixed at
(reactions 4,—4), and reaction 5 which produces loss from (i) unit yield (dashed line), (ii) 0.7 yield (solid line), and (iii)
equilibrium, and also the cross sections forBIMS. As no Br-atom formation (broken line). It is noted that the values
mentioned above, there is evidence which rules out a significantof ks andg(Br—DMS) returned from the fits were well within
interaction of BrO with B-DMS. Thus the temporal profile  the respective uncertainty limits; e.g. for Figure 11 (ii) the fit
of Br—DMS in the BrO+ DMS system is controlled by the  results werds = (4.74 0.4) x 1071°cm? st andg(Br—DMS)
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= (1.74+ 0.2) x 10717 cn? (errors are &). It is clear that the BrO DMS
profile is dominated initially by the Br atoms formed in the

source chemistry (reactions 44, and 5), but that the Br atoms — — 120 Lo Y
formed on the longer time scale via reactions 1 and 14a influence g 2 g 100 PEITRUR A
the decay at long times. The best fits are given by Figure 11, > > 801 Al
(i) dashed line, and (ii) solid line, which are difficult to separate E g 60 /\/\/\/\/\/\/V\/
given the noise level. We conclude that it is not possible to o o
determine a quantitative branching ratio for reaction 1 from this ola m 40 .
experiment, but the data do support a lower limit of 0.7 Br- 80 82 84 86 88 80 B2 B4 86 88
atom yield. Julian day Julian day
The present yield from direct observation of DMSO of 1.17
+ 0.34 is higher than obtained in previous measurements of DMSO SO
the DMSO branching ratio, but it is within the combined ] 2
uncertainty limits; Bedjanian et &t.report 0.94+ 0.11 from a - — 110
low-pressure discharge-flow/MS study at 320 K, and Barnes et g g 100
all! report 0.9+ 0.2 from an FTIR study in 760 Torr of ~ ~
synthetic air at 298 K. The potential exothermic product ¢ g 90
channels for reaction 1 are o 2 g0
N, 70
BrO + DMS — DMSO + Br 80 82 84 86 88 80 82 84 86 88
AH=—-128.0+£2.6 (la) Julian day Julian day
— CH;SO+ CH,Br Figure 12. Molar mixing ratios of BrO, CHSCH; (DMS), CHS(O)-

AH = —190.8+ 19.5 (1b) CH; (DMSO), and S@ Two model runs are shown: one with the
reaction DMS+ BrO included with a rate constant of 4> 10713
— CH;SBr+ CH,O cm3 (solid line), and one in which the rate constant is set to zero
AH = —113+ 40 (1c) (dotted line). The results for BrO are almost identical for both runs.

resulting in BrO daytime average mixing ratios of slightly above
1 pmol/mol. Model results for BrO, DMS, DMSO, and 50
are shown in Figure 12, where they are compared to a sensitivity

(values of AH; are taken from ref 7 except GHO (—67 kJ
mol~1; estimated via thermochemical data, and we assume 10

k‘g) mor(jl uncertt)ainéyF dgln'd. DM%CS)?B AH’.(CH%B[:) wa}s study in which the reaction of BrO with DMS is switched off.
obtained using bond additivity ruiesassuming 10 kJ mo It is clear that BrO is an important sink for DMS. In addition,
error)_._ChanneIs 1b gnd 1c require hl_ghly strained, four-memberDMSO, of which the only other important source in MOCCA
g?_lnsBltlon dstgtessévhlch are ?n%rgetlczlly utﬂfa\llzo_lff‘éjle{ I(;'de'?d'is the addition of OH to DMS (at 50% yield), is increased
abr an Jk rwere not observed in the siudy o considerably. DMSO is lost by scavanging on aerosol, and
Barnes et al'y who place a very conservative upper limit of reaction with OH. The loss of DMS via reaction with BrO

10% Y'eld. f(_)r bOth. produc@s based upon an a;sessment Oftherefore reduces the DMS concentration and the rate of its OH-
detection limits'® No information about these potential products initiated oxidation by S@ which is consequently also reduced

is given by Bedjanian et 4f L The concentration of BrO is not affected as it is regenerated by
In the present measurement, we are not sensitive t0 theyeacrion of Br atoms with ©

formation of CHSBr and CHBr. Comparison of the cross

sections of CHSBr (4.0x 107 cn?)* and CHBr (6.7 x 10719 BrO + DMS — DMSO + Br (1a)
cn?)*t with DMSO (8.2 x 10718 cm?)36 at 210 nm, shows that

a potential 10% yield (based upon the upper limit of Barnes et Br+ O, —Bro+0, (15)
al.y*0 of either compound would have a negligible%) effect net: DMS+ O, — DMSO+ O,

on our absorption profile. The fact that our DMSO vyield is
greater than unity most likely reflects the systematic error in

th? DMSO cf;r(?]ss lseﬁUoPs. ive identification of GISB and @, although Q concentrations are not affected significantly.
g(\;”eév oft edac Of a po_smvi ! ?nt' |ca|t|(()jn do thDl\r/ISO As DMS is an important reactant for the N@dical, reduced
and CHBr as products of reaction 1, itis concluded that DMS concentrations also result in increasedsN@ncentrations.

is the dominant product, with a yield close to unity. Although  riq i tyrn results in enhancec,®s levels, and increases the
channels 1b and 1c cannot be ruled out absolutely, they are a(i

The net result is a bromine-catalyzed destruction of DMS

most only minor processes, and the scatter in the measure ate of CING formation at night via bOs reaction with sea-
) ' - : L alt. CINQ is rapidly photolyzed at dawn to generate chlorine
DMSO vyields results from the difficulty in calibrating the Q PIEy b y d

f f d that h high affinity i atoms, and the net result is thus an indirect chlorine activation
concentration of a compound that has a high affinity for surfaces. o chanism. To date, there are no measurements of BrO in the

remote marine boundary layer over the ocean, as the present
detection limit3 for differential optical absorpion techniques
We have used MOCCA, a chemical box model, to assess (~1 pmol/mol) is similar to the expected concentration. We note
the impact of the reaction between BrO and DMS in the marine however that 1 pmol/mol of BrO gives rise to a significant
boundary layer. In the model a constant oceanic flux of DMS adjustment of the predicted DMS/DMSO ratio, i.e., DMS/
is assumed. It reacts with OH, NOCI, Br, BrO, and 10. A DMSO = 100 in the absence of BrO, but is reduced<td0 for
detailed model description can be found elsewliéf¢iere we 1 ppt BrO (see Figure 12). As both DMS and DMSO are
simulate clean, marine air of the mid-latitudes at the beginning expected to be present at concentrations well above their
of spring. Bromide from sea-salt particles is converted into detection limits of~1 pmol/mol using selected ion chemical
reactive forms by multiphase reactions involving HOBr,  ionization mass spectromettysimultaneous DMS and DMSO

4. Atmospheric Implications
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measurements may provide an indirect means for confirming
the presence of BrO in remote marine air masses. We note tha

there are indications that both the rate of oxidation of BMS

J. Phys. Chem. A, Vol. 103, No. 36, 1992209

(14) Bedjanian, Y.; Poulet, G.; Le Bras, Git. J. Chem. Kinet1996

23, 383.

(15) Le Bras, GTropospheric Chemistry of Ozone in the Polar Regions
NATO ASI Series 1: Global Environmental Change; Niki, H., Becker, K.

and the seasonal variation in the DMSO to methane sulfonic H., Eds.; 199317, 397.

acid ratié (both of which will be perturbed by the presence of
BrO) are presently not well understood.

5. Conclusions
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0.66) x 10713 cn? s7t independent of pressure from 60 to 200
Torr N, at 295 K. This value is significantly larger than the

current recommendation based upon low-pressure ﬂOW'tUbeCh(em'lggg 102, 2857.

measurements. By observing the formation of DMSO directly,

we obtain a branching ratio of 1.1F 0.34 for its yield in

reaction 1. The reaction with BrO is a significant sink for DMS

and source of DMSO in the marine boundary layer. In addition,

we obtained the first values & = (4.2°29) x 10720 cm? 51

for the fast reaction of Br atoms with the BDMS adduct and
3o = (2.7479 x 10717 cn? for the absorption cross

om ax
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59, 6577.
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sections of the adduct. The uncertainties quoted are based largely (25) Maric, D.; Burrows, J. P.; Moortgat, G. K. Photochem. Photobiol.
upon the potential error associated with laser fluence measure-1994 83, 179.

ments to obtain [Byg
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