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The role of BrNO3 in marine tropospheric chemistry: A
model study

R. Sander1, Y. Rudich2, R. von Glasow1, and P. J. Crutzen1

Abstract. Laboratory studies have shown that bromine ni-
trate (BrNO3) reacts on sulfuric acid and on ice particles.
Here we investigate the potential role of BrNO3 in the ma-
rine boundary layer (mbl) assuming that it reacts on sea-salt
particles as well. Using the chemical box model MOCCA we
find that heterogeneous reactions of BrNO3 on aerosol parti-
cles could affect the chemistry in four major ways: 1) They
increase loss of NOx (=NO+NO2) from the gas phase; 2)
They accelerate loss of bromide and chloride from sea-salt
aerosols. This dehalogenation occurs without the consump-
tion of aerosol acidity; 3) The resulting loss of NOx and
the increase of gas-phase bromine species both lead to O3

destruction; 4) The resulting increase of reactive chlorine
species affects gas-phase hydrocarbons as well as S(IV) oxi-
dation by HOCl in sea-salt aerosols.

Introduction

There is growing evidence from field measurements that
reactive, inorganic halogen species play an important role
in the tropospheric chemistry of the mbl [Pszenny et al.,
1993; Singh et al., 1996; Spicer et al., 1998]. Heterogeneous
reactions of the nitrogen oxides N2O5 and NO3 interact
with halogen chemistry [Finlayson-Pitts et al., 1989; Rudich
et al., 1998]. Nitrogen and halogen chemistry are also cou-
pled through the gas-phase reactions XO + NO2 → XNO3

(X =Cl,Br). On sulfate aerosol particles BrNO3 hydrolyses
and can also react with HCl [Hanson et al., 1996]. There are
several investigations of these reactions under stratospheric
conditions (e.g. Lary et al. [1996]; Erle et al. [1998] and
references therein) but BrNO3 has so far been neglected in
tropospheric studies. Here we investigate its role in the mbl
using MOCCA (Model Of Chemistry Considering Aerosols).

Model Description

MOCCA is a box model of the marine boundary layer
at mid-latitudes [Sander and Crutzen, 1996; Vogt et al.,
1996]. It describes gas-phase chemistry as well as reactions
in/on sulfate and deliquesced sea-salt aerosol particles. We
use lognormal size distributions based on measurements by
Kim et al. [1995, 1990] with number concentrations of N =
2.8×108 m−3 and N = 6.6×105 m−3 and median radii of
r = 90 nm and r = 1.7 µm for sulfate and sea-salt parti-
cles, respectively. Photolysis rates are calculated for equinox
conditions at mid-latitudes using the method of Brühl and
Crutzen [1989]. Heterogeneous surface reactions of N2O5,
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ClNO3, and BrNO3 on the aerosol particles are included
(Table 1). These species can either hydrolyze or react with
the halide ions. The relative reactivities of H2O/Cl−/Br−

towards N2O5 are 3.3×10−6/1.7×10−3/1. Based on experi-
mental observations, these values were chosen such that the
rates of N2O5+Cl− and N2O5+Br− are roughly equal for
sea water [Behnke et al., 1994] and such that the halide re-
actions dominate over hydrolysis at about [Cl−] > 0.1 M
(see Fig. 3 in Behnke et al. [1997]). We assume the same
relative values for reactivities of ClNO3 and BrNO3. A cor-
rection factor has been applied where necessary to account
for aqueous-phase concentration gradients of reactive species
[Schwartz and Freiberg , 1981]. The most important bromine
reactions are shown schematically in Figure 1. More infor-
mation about MOCCA is available at our website [Sander ,
1999].

Results and Discussion

For the base run we chose initial conditions of a clean,
remote mbl with 20 nmol/mol O3, 600 pmol/mol H2O2,
20 pmol/mol NO2, 5 pmol/mol HNO3, 70 nmol/mol CO,
60 pmol/mol CH3SCH3, 90 pmol/mol SO2, and 500 pmol/
mol alkanes (nmol/mol = ppbv, pmol/mol = pptv). Start-
ing on Julian day 80 (equinox), the model is run for 3 days.
Initially, there are no reactive halogen species in the gas
phase. Several reactions can initiate the activation of sea-
salt bromide. The main reactions are:

Br− + OH → Br + OH− (1)

Br− + NO3 → Br + NO−3 (2)

Br− + N2O5(g) → BrNO2(g) + NO−3 (3)

Br− + HSO−5 → HOBr + SO2−
4 (4)

Results of the base run are shown in Figure 2. The het-
erogeneous chemistry of BrNO3 leads to denitrification, en-
hanced halogen activation, and lower ozone concentrations.
The model-calculated pH of the sea-salt particles is about
5.5. Also shown in Figure 2 are sensitivity studies in which
the uptake coefficient of BrNO3 is reduced from γ = 0.8
to γ = 0.01 and γ = 0 (i.e. no heterogeneous reactions of
BrNO3 at all). The differences between these runs show
the significance of BrNO3 in mbl chemistry, even if a low
(but non-zero) value of γ is assumed. Note that gas-phase
BrNO3 is higher for γ =0.01 than for γ =0. This is caused
by the overall increase of bromine chemistry triggered by
heterogeneous reactions of BrNO3.

Hydrolysis of BrNO3 on sulfate particles (6) and reaction
with chloride or bromide on sea-salt particles (7,8) both de-
crease gas-phase NOx concentrations by converting it into
highly soluble nitrate:

BrO(g) + NO2(g) → BrNO3(g) (5)

BrNO3(g) + H2O → HNO3 + HOBr (6)
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Figure 1. Simplified reaction scheme of the bromine chem-
istry in MOCCA. Thick lines show the bromine-catalyzed
ozone destruction cycle. Red lines show the heterogeneous
production of aqueous-phase BrCl via HOBr. The green
lines show an additional contribution via BrNO3. If suf-
ficient Br− is available, Br2 is formed and escapes into the
gas phase (orange lines). In bromide-depleted aerosols, BrCl
escapes directly (blue lines). This reaction scheme is imple-
mented in MOCCA for both, sulfate and sea-salt particles.
However, reactions involving halides are obviously restricted
to sea-salt particles and to those sulfate particles that have
scavenged some HBr and HCl from the gas phase.

BrNO3(g) + Cl− → NO−3 + BrCl (7)

BrNO3(g) + Br− → NO−3 + Br2 (8)

Reaction (7) has been observed on sulfuric acid and on ice
doped with HCl [DeMore et al., 1997]. Here we assume that
it is also possible on liquid sea-salt particles.

Figure 2. Molar mixing ratios in the base run of the model with γ(BrNO3) = 0.8 (black, solid) and in sensitivity studies
with γ = 0.01 (red, dotted) and γ = 0 (green, dashed). A mixing ratio of 1 pmol/mol is equivalent to a concentration of
2.5×107 cm−3 . The runs simulate clean marine air.

Table 1. Reactive uptake coefficients γ describing the total
uptake, i.e. the sum of the reactions with H2O, Cl−, and
Br−. Due to lack of more experimental data, the values for
ClNO3 and BrNO3 are used for both, sulfate and sea-salt
particles.

species γ surface reference

N2O5 0.1 sulfuric acid DeMore et al., (1997)
N2O5 0.032 NaCl solution Behnke et al., (1997)
ClNO3 0.1 dry NaCl Koch and Rossi, (1998)
BrNO3 0.8 sulfuric acid Hanson et al., (1996)

In addition to reducing NOx , these reactions also accel-
erate halide depletion from sea-salt particles. Combining
equations (5) and (7) we see that BrO is converted to BrCl
(green lines in Figure 1):

BrO(g) + NO2(g) + Cl− → BrCl + NO−3 (9)

An interesting feature of this reaction sequence is that it
produces halide deficits in the particles without consuming
aerosol acidity. It may therefore be able to dehalogenate
alkaline particles. In acidic particles, reaction (9) supple-
ments the sequence via HOBr that was proposed by Vogt
et al. [1996] (red lines in Figure 1):

BrO(g) + HO2(g) → HOBr(g) +M O2(g)

(10)
MHOBr(g) → HOBr(aq) (11)

HOBr + Cl− + H+ → BrCl + H2O (12)

BrO(g) + HO2(g) + H+ + Cl− → BrCl + H2O + O2

(13)

In fresh sea-salt particles, BrCl produced via (9) or (13)
reacts with bromide and forms Br2 which readily escapes
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Figure 3. Same plots as in Figure 2 but for a polluted air parcel

into the gas phase (orange lines in Figure 1). As long as there
is enough bromide, BrNO3 may also react directly with Br−

(8). This rapidly depletes bromide. In particles with large
bromide deficits, BrCl escapes into the gas phase, thereby
increasing the chloride deficit (blue lines in Figure 1). Once
BrCl and Br2 are photolyzed in the gas phase, the resulting
Br atoms affect O3 through a catalytic cycle involving Br,
BrO, and HOBr (thick lines in Figure 1).

Indirectly, BrNO3 would also affect chlorine chemistry.
Photolysis of BrCl produced in reaction (7) leads to modeled
gas-phase concentrations of Cl of almost 104 cm−3 during
the day. This is too small to affect ozone significantly but
it would affect hydrocarbon oxidation. Some Cl atoms are
oxidized by O3 and HO2 to HOCl. Scavenging of HOCl by
sea-salt particles accelerates the oxidation of S(IV):

HOCl + HSO−3 → Cl− + SO2−
4 + 2H+ (14)

Figure 2 shows that the inclusion of BrNO3 chemistry leads
to more S(IV) oxidation in sea-salt particles (even though
the reaction S(IV)+H2O2 is slightly slower due to lower
H2O2 concentrations).

In addition to the heterogeneous sinks for BrNO3 de-
scribed above we also consider its gas-phase sinks. Using
the spectrum given by DeMore et al. [1997] we obtain a
daytime-average photolysis rate constant of J(BrNO3) ≈
7×10−4 s−1. Additional potential sinks for BrNO3 are ther-
mal decomposition (k = 1.3×10−5 s−1 at T = 293 K) and
the gas-phase reaction Br+BrNO3 (k = 4.9×10−11 cm3 s−1),
which were both measured by Orlando and Tyndall [1996].
We have included both processes but found that they are not
important here. We also made model runs in which iodine
chemistry was included as described by Vogt et al. [1999]
and found that the relative importance of BrNO3 remains
about the same whether iodine chemistry is included or not.

In addition to the studies above, we also ran the model
under polluted conditions (Figure 3). Using initial mixing
ratios of 60 nmol/mol O3, 1.5 nmol/mol H2O2, 1 nmol/mol

NO2, 1 nmol/mol HNO3, 200 nmol/mol CO, 1 nmol/mol
SO2, and 3 nmol/mol alkanes we tested again the effect
of setting γ(BrNO3) to either 0.8, 0.01, or 0. Contrary to
our initial expectations, the higher levels of NO2 do not en-
hance the importance of BrNO3. Instead, the main reactions
responsible for the depletion of sea-salt bromide are now
NO3+Br−→NO−3 +Br and N2O5+Br−→BrNO2+NO−3 .
Most of the bromide has already reacted after the first night.
The reaction BrNO3+Cl− increases the concentrations of
gas-phase Cl and HOCl only when γ(BrNO3) = 0.8 is used.
At γ = 0.01 this reaction does not affect the chlorine chem-
istry in the polluted air mass much.

In analogy to BrNO3, we also implemented a similar re-
action scheme for ClNO3. However, due to the fast thermal
decomposition of ClNO3 (k = 1.2×10−3 s−1 at T = 293 K)
[Anderson and Fahey, 1990], its mixing ratio is always be-
low 0.3 pmol/mol. Switching the heterogeneous reactions of
ClNO3 on and off only had a negligible effect.

Conclusions

In summary, our model calculations show that hetero-
geneous reactions of BrNO3 on both sulfate and sea-salt
particles could play an important role in mbl chemistry by
lowering NOx, accelerating halogen activation cycles, reduc-
ing ozone levels, and enhancing S(IV) oxidation. Therefore,
reactions of BrNO3 on particles should be considered in the
chemistry of the remote marine boundary layer. The ef-
fect of ClNO3 is much smaller. To reduce the uncertain-
ties associated with our model results, we encourage labora-
tory experiments investigating the heterogeneous reactions
of BrNO3 on deliquesced sea-salt particles.
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