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NO3  + Cl- / Br- / I- (aq)  NO3
- (aq) + Cl / Br / I (aq)

Experimental data

Parameter Aqueous solution Temp./K Reference Technique/
Comments

Uptake coefficients,  

0.9 – 3.5  10-3 I- (5 10-6 – 0.4 M) 273  1 Rudich et al., 1996a WWFT-AS (a)
0.8 – 6.0  10-3 Cl- (0.01 – 0.5 M) 273  1 Rudich et al, 1996b WWFT-AS (b)
1.6 – 5.5  10-3 Br- (0.1 – 0.01 M) 
1.1 – 2.0  10-3 Cl- (0.125 – 1  M) 293  1 Schütze et al., 2005 (c)
> 2  10-3 Cl- (0.1 M) 293 Thomas et al., 1998 (d)

Accommodation 
coefficient, b  
> 4  10-2 I- (5 10-6 – 0.4 M) 273  1 Rudich et al., 1996a (a)
> 2  10-3 Cl- (0.1 M) 293 Thomas et al., 1998 (d)

2.2
7.12.4 

  10-3 Cl- (0.125 – 1  M) 293  1 Schütze et al., 2005 (c)

Comments

(a) Flow tube operated at 12-23 mbar. NO3 (2-10  1011 molecule cm-3) was formed by the thermal
dissociation  of  N2O5 and  detected  by  diode  laser  absorption  at  662  nm  over  a  12.6  m
pathlength.  The salt solution had a pH of 5-6.5. The dependence of the experimental  NO3

uptake coefficient on the I- concentration was used to derive a value of H2Dlk of (1.75  0.5) 
104 M atm-2 cm2 s-2. Using a previously determined value for HDl

0.5 (Rudich et al., 1996b, this
datasheet) this leads to an aqueous-phase rate constant for NO3 + I- of (4.6  0.5)  109 M-1 s-1

at  273  K.  A  lower  limit  for  b was  estimated  from the  maximum  values  of  the  uptake
coeficients. 

(b) Same set-up as in comment (a). The dependence of   on salt concentrations was combined
with a literature value (Exner et al., 1992) for the rate coefficient for Cl - with NO3 (2.76  106

M-1s-1 at 273 K) to determine (for chloride) a value of 5.0
lHD of (1.9  0.4)  10-3 M atm-1 cm

s-0.5. Assuming a value of Dl enabled a solubility of NO3 in H2O of (0.6  0.3) M-1 atm-1 to be
derived. 

(c) Single droplet ( 7 mm3) suspended from a pipette in a flow tube (10 mbar He) with UV-Vis
absorption spectroscopy for concentration measurement in both gas and aqueous phases (NO3-
at 235 nm, NO3 using the 662 nm feature. NO3 was generated by reacting NO2 with O3 at 393
K to keep the N2O5 level low (  5 %). HNO3 was formed at  the same concentration as NO3.
Uptake of NO3 to the droplet was monitored by nitrate anion absorption. A value of HDl

0.5k0.5 =
(1.9  0.2) M atm-1 cm s-0.5 was derived.

(d) Uptake of NO3 (generated by mixing NO with O3 at high  400 C) to 0.1 M chloride solution
was monitored using three serial  coiled glass denuders (2 mm id).  Nitrate in solution was
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determined following reduction to NO2
- and the Saltzman reaction. Large diffusion limitations

result in only a lower limit to .

Preferred Values

Parameter Value T/K
b  1.3  10-2 273

kCl(M-1s-1)  2.76  106 273
kBr(M-1s-1) 1.02  108 273
kI(M-1s-1) 4.6  109 273

Reliability
 log ( ) 0.5 273

Comments on Preferred Values

The detailed  studies  (Rudich et  al.,  1996b,  Schutze et  al,  2005)  on the  uptake  of  NO3 to
aqueous chloride solutions of various  ionic strength use very different  methods and return
values of the common observable (HDl

0.5k0.5) which differ by  70 %, which can be considered
to be in reasonable agreement. Some of this apparent disagreement  will be related to different
NO3 solubilities (H) at 273 and 291 K. The derivation of the accommodation coefficient is not
exact in either Rudich et al (1996a) nor in Schütze et al. (2005) and the results differ by at least
a factor of 6. The need to correct data due to aqueous nitrate formed from large impurity levels
of HNO3 in the work of Schütze et al. (2005) leads us to prefer the results of Rudich et al.
(1996). The accommodation coefficient chosen is slightly lower than the lower limit given by
Rudich et al., as this better represents their dataset within the parameterisation listed below. 
The rate coefficient for the aqueous phase reaction of NO3 with Cl- was taken from Exner et al.
(1992),  though there is  some disagreement  concerning this  number  (Herrmann,  2003).  We
adopt this rate coefficient and the solubility derived by Rudich et al (1986b) as it allows us to
present  an  internally  consistent  set  of  parameters  based  on observations  of  the  composite
HDl

0.5k0.5  term. The rate coefficient listed for the reaction of NO3 with Br- was taken from the
ratio kCl /  kBr = 37  4 as reported by Rudich et al. (1996b). The reliability of the parameters
listed above cannot be given individually,  but an assessment of the overall uncertainty in  
(calculated as below) is given. 
Parameterisation  of  the  net  uptake  coefficient  for  interaction  of  NO3 with  halide  aerosol
requires  components  for  the  hydrolysis  term  and  the  reaction  with  the  halide  ions  (see
expression below).  There  is  large uncertainty association  with the hydrolysis  rate  constant
(VI.A1.04), though we note that for sea-salt aerosol (5 M NaCl), neither bromide, iodide nor
hydrolysis  contribute  significantly  to  NO3 loss  when compare  to  chloride.  The net  uptake
coefficient can be calculated from:
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  where k' = kCl [Cl-] + kBr [Br-] + kBr [I-] + k’H2O  and [X-] are the

activities of the respective anions. 
We recommend use of Dl = 1  10-5 cm2 s-1, H = 0.6 M atm-1 and kH2O = 23 (see VI.A1.04).

There are some studies of the uptake of NO3 to solid salt surfaces (Seisel et al., 1997, 1999;
Gratpanche et al., 1999; Gerschenzon et al., 1999). All suggest larger uptake coefficients to
bromide surfaces compared to chloride, in line with the larger uptake coefficient listed above.
There is also some indirect evidence of halogen atom release to the gas-phase (Seisel et al.,
1997).
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Dependence of net uptake coefficients on chloride activity. IUPAC recommendation is based on 
the data of Rudich et al. (1996b) but with a  slightly reduced accommodation coefficient. 


