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THE OXIDATION OF NOz TO NITRATE
DAY AND NIGHT 

In a recent article Richards (1983) has suggested a chemical 
reaction mechanism, given in Table I, for night-time NOz 
oxidation. Richards makes several qualitative statements 
concerning the ability of this mechanism to represent 
measured night-time NO, concentrations but does not 
present simulated results based on this mechanism. In order 
to assess the validity of Richards' suggested mechanism, we 
have integrated the rate equations corresponding to the 
reactions in Table 1 under the following conditions: ( 1) There 
is a constant source of NO, SNo (ppm min-') during the 
night, (2) At t = 0 (1800 PDT) the initial concentrations are 
those reported by Platt eta/. (1980) from the Los Angeles 
area. These initial conditions are summarized in Table 2 
Since the NO concentration at 1800 PDT was not reported by 
Platt et a/. (1980), to obtain an initial condition we have 
assumed that the concentration of NO at this time can be 
obtained from the N01 and 0 3 concentrations through the 
photostationary state relation with an approximate NOz 
photolysis rate of 0.1 min - 1

• The NO emission flux, SNo• 
must be specified to carry out the calculation, and we have 
considered values typical for Los Angeles. The object of our 
calculation is, as we noted above, to ascertain if the reaction 
set in Table 1 is capable of explaining observed night-time 
NO, chemistry. 

Based on the reactions in Table 1, we can suggest the 
behavior of night-time NO, chemistry. First, assuming no 
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Table 1. Proposed mechanism for night-time NO, chemistry 
(Richards, 1983) 

Reaction 

(I) N0+03 -.N02+02 
(2) N02 +03 ->N03 +02 

(3) N03 + N02 ~ N20 5 

(4) N 20 5 ~ N03 + N02 
(5) N20 5 +H20-. 2HN03 

(6)• N205 +H20~ 2HN03 

(7) N02 +N03 -> N02 +N0+02 
(8) 2N03 -> 2N02 + 0 2 

(9)* N03~N02 +!02 
(10) N03 +NO-. 2N02 
(11) NH4 N03 (s) +! HN03 + NH3 

k@298K 
ppm-min units 

24 
0.050 

3900 

7.02 min - • 
<3x10· 6 

0.84 
0.34 

28000 
Keq=5x 10- 5 ppm2 

• Rate constants estimated using simple hard-sphere kinetic 
theory. 

Table 2. Assumed initial conditions for night-time NO, chemistry 

Species 
Initial 

concentration (ppm) 

0 
0.07613 
0.2335 
0.001353 

15630 
0.012 
0.01 

Comments 

Platter al. (1980) 
Platt er al. (1980) 
Platt er a/. (1980) 
Photostationary state with 
kNo, ~ 0.1 min -• 
Assume 50 ~~ r.h. 
Russell er a/. (1983) 
Russell er a/. (1983) 

• The source rate of injection of NO, SNo was estimated as the order of 
10- 3 ppm min - • in the Los Angeles area. 

tThe source rate of injection of NH3 was estimated as 8.3 x 10- 6 ppm 
min - 1 in the Los Angeles area. 
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Fig. 1. Night-time N03, N02 and 0 3 concentrations as predicted by the mechamsm in 
Table 1 with SNo = 10· 5 ppm min - 1 and SNH, = 8.3 x 10- 6 ppm min -• and with k 5 

= 3 x 10- 6 ppm·• min·•. 
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replenishment from the upper atmosphere, the OJ present at 
sunset will be continually removed by reaction with both NO 
and N02 , so we expect a declining OJ concentration. NO is 
initially depleted by reaction with OJ faster than it is 
replenished by the source flux, SNo· If SNo is sufficiently 
large, when the rate of influx of NO from sources exceeds that 
of removal by reaction with OJ and NOJ, especially when OJ 
has been substantially depleted, the NO concentration will 
begin to increase. Platt's data ( 1980) indicate a slight increase 
in the NO concentration as the night progresses. N02 may 
initially decrease or increase depending on the relative 
amounts of NO and OJ. Finally, NOJ is expected to increase 
after sunset due to the N02-QJ reaction but reach a 
maximum and decrease as OJ is consumed. 

Figures I and 2 show the predicted concentrations ofNOJ, 
N02, OJ and NO over the period 1800 to 2400 PDT for SNo 
= 10- 5 and 10- J ppm min- 1 NO injection rates. At the 
lower NO source rate, NOJ and OJ persist longer, and the 
N02 concentration falls to zero within 4 hs. On the other 
hand, with a higher NO source rate, the NOJ and OJ 
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concentrations reach zero in 3 hs, and the N02 concentration, 
after a small initial drop due to reaction with OJ, rises and 
levels out. In both cases, the equilibrium HNOJ and NH3 
concentrations are unaffected by the value of SNo· A change 
in the NH3 source rate was found to have virtually no effect 
on the predicted concentration profiles for the gaseous 
species. 

Night-time NOJ concentrations in Los Angeles have been 
reported by Platt et a/. ( 1980) as noted above. The maximum 
NOJ concentration reported was -300 ppt at 2000 PDT on 
12 September 1979. By 2400 PDT, the NOJ concentration 
had fallen markedly. This observed maximum NOJ concen
tration is of the same order of magnitude as that predicted by 
the mechanism in Table I. On less polluted days, the reported 
N03 concentrations of IQ-40 ppt are an order of magnitude 
smaller than predicted. The OJ and N02 concentrations 
predicted by the mechanism display the correct behavior and 
are of the correct order of magnitude at the higher SNo value 
of 10- 3 ppm min-•. 

In addition to the variable NO and NHJ source strengths. 
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Fig. 2. Night-time NOJ, N02 and OJ concentrations as predicted by the mechanisms 
in Table I with SNo = 10-J ppm min- ~!nd SN_I\> =8.}
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k 5 = 3 x 10 ppm mm . 
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Fig. 3. Night-time N03, N02 and OJ concentrations as predicted by the mechanism in 
Table I with SNo = 10- J ppm min -• and SNH, = 8.3 x 10- 6 ppm min - • and with k5 

= 3 x 10- 7 ppm-• min-•. 
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Fig. 4. Solid ammonium nitrate concentration predicted by the mechanism in Table I 
with SNo = 10· 3 ppm min - 1 and SNH, = 8.3 x 10· 6 ppm min_, and with k5 = 3 

x 10- 6 ppm- 1 min- 1 . 

the rate constants for reactions 5, 6 and 9 of Table I arc 
inaccurately known. Simple hard-sphere kinetic theory was 
used to approximate k6 and k 9 • A change in these values 
produced a negligible change in the profiles. On the other 
hand, reducing k5 by an order of magnitude resulted in a 
dramatic change in the N03 curve as can be seen in Fig. 3. 

It is interesting to note that Richards states "It was 
observed in both cases that the concentration ofN03 during 
the night was less them (our emphasis added) predicted by the 
above set of reactions and rate constants". Our calculations 
indicate that this is dependent upon the NO source strength 
and the rate constants used. 

The particulate nitrate concentrations predicted by the 
mechanism (Fig. 4) are slightly higher than those cited by 
Richards, ranging from 20 to 40 J.tg m- 3 from 1800 to 2400 h, 
while the measured values cited were constant at -10 J.tg 
m - 3. The predicted values do show an upward trend, and 
from 2400 to 0600 h the actual measurements increase from 
10 to 20 J.tg m· 3

. 

The mechanism predicts that the N03 concentration peaks 
approximately one hour after sunset 'lnd then slowly declines, 
whereas the observed N03 does not reach a maximum until 
about 2 h after the measurements started. One problem, of 
course, with performing such simulations is that sunset did 
not occur untill900 h (60 min) so some photolysis reactions 
are still proceeding in the first hour of the measurements. 
Accounting for a delayed sunset will affect the time of the 
N03 peak. Although this mechanism does not include 
reactions with organic species (e.g. aldehydes) or coupled 
HONO and N03 chemistry, the results are of the same order 
as the data of Platt eta/. on smoggy days. It should be noted 
that the initial conditions we have assumed apply to ground 
level in a populated area. At night, the NO emitted during the 
day tends to remain near the surface, isolating much of the 0 3 

and NO, in the upper atmosphere. The results we have 
calculated are thus applicable only to a limited portion of the 
atmosphere. Current photochemical air pollution models 
simulate multiday episodes and therefore include night-time 
chemistry (McRae and Seinfeld, 1983). Because the behavior 
ofN03 is not central to the overall chemistry in these models, 

reasonable accuracy in simulating night-time chemistry can 
be maintained without a detailed understanding of N03 
chemistry. 

In summary, we find that the mechanism in Table 1 
suggested by Richards does predict the correct order of 
observed night-time N03 concentrations. Richards' sugges
tion that the mechanism predicts N03 concentrations in 
excess of those observed is dependent on the conditions used 
in the simulation; in fact, observed N03 concentrations, as 
reported by Platt et a/. (1980), can be in excess of those 
predicted. 
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