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A substantial data base concerning the rate constants for the gas-phase reactions
of the nitrate (NOs) radical with organic compounds is now available, with rate con-
stants having been determined using both absolute and relative rate methods. To
date, the majority of these kinetic data have been obtained at room temperature
using relative rate techniques utilizing both the reactions of the NO; radical with
other organic compounds and the equilibrium constant for the NO; + NO; & N2O:s
reactions as the reference reaction. In this article, the literature kinetic and mech-
anistic data for the gas-phase reactions of the NOs radical with organic compounds
(through late 1990) have been tabulated, reviewed and evaluated. While this avail-
able data base exhibits generally good agreement and self-consistency, further abso-
lute rate data are needed, preferably as a function of temperature. Most
importantly, mechanistic and product data for the reactions of the NOs radical with

organic compounds need to be obtained.
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mechanisms.
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TaBLE 8. Rate constants k and temperature-dependent parameters, k = Ae~57, for the gas-phase reactions of the NOs radical with oxygen-
containing organic compounds

102 x A4 B k
Oxygenate (cm® molecule™ 571 (K) (cm® molecule~!s™") at T (K) Technique Reference
Formaldehgrde (5.89 = 0.48) x 10°¢ 298 = 1 RR [relative to Atkinson et al ¥
Ks(N03 + NO; = NzOs)
= 341 x 107HP°
56 x 107 298 £ 2 S-A Cantrell et al ¥
(87 £ 0.6) x 107 . 298 + 2 RR [relative to Cantrell et al

Ks(NO3 + NO; = NZOS)
= 341 x 10-1]

(79 = 1.7) x 107" 295 2  RR({relative to Hjorth et al &
K5(N03 + N02 z2 NZOS)
= 5.00 x 10-1p°
Acetaldehyde (2.54 = 0.64) x 107 300 RR [relative to Morris and Niki*®
Ks(NOs; + NO, = N;05)
= 265 x 10-1J°
(244 = 0.52) x 1075 298 = 1 RR {[relative to Atkinson et al »
Ks(NOs + NO; = N;Os)
= 3.41 x 1071
(3.15 £ 0.60) x 107 299 = 1 RR [relative to Cantrell et al #
Ks(NO; + NO; = N;05)
= 3,00 x 10-1p
i (126 = 0.16) x 1075 264 F-LIF Dlugokencky and Howard®
f (274 = 033) x 107 298
(527 £ 0.63) x 10~ 332
144 = 0.18 1860 = 300 (1.00 = 0.12) x 10~ 374
Acrolein (111 £ 017) x 10 298 = 2 RR ([relative to Atkinson et al *
k(ethene)
= 2,05 x 10716}
Crotonaldehyde (512 £ 0.17) x 107% 298 = 2 RR [relative to Atkinson ef al *
k(propene)
= 9.45 x 10~ 5P
Methanol <6 x 10716 298 « 2 FP-A Wallington et al 57
(21 £ 1.1) x 1071% 294 DF-A Canosa-Mas et al %
(4.61 = 0.92) x 10-% 323
(68 = 2.7) x 10716 348
(1.29 = 0.49) x 10-1% 373
(3.11 = 0.84) x 10~ 423
" (251 = 045) x 10715 428
12500 2562 + 241 (632 = 1.35) x 10715 473
Ethano! <9 x 10~ 298 + 2 FP-A Wallington et al.*7
2-Propanol <23 x 10°% 298 2 FP-A Wallington e/ al 57
Dimethyl ether <3x 1075 208x2 FP-A ~ Wallington etal ¢
Tetrahydrofuran (4.90 + 0.28) x 10-15 296 = 2 RR[relative to Atkinson etal &

k(trans-2-buterie)
= 3,80 x 10-V]

(1.44 £ 0.02) % RR [relative to - Atkinson ef gl 102

k(lrans-Z-butene)
=388 x 10°°]
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TaBLE 15. Rate constants k for the gas-phase reactions of the NO, radical with organic radicals

Organic 102 x k
Radical (em® molecule~! s™1) at T(K)  Technique Reference
CH,00 23 =07 298 MP-A Crowley et al %7

Lok

et al 2 obtained rate constants for the reaction of the
NO; radical with CH;CH,CCl=CH; of (1.73 = 0.31) X
10~ cm® molecule s ™! at 299 K and (2.2 = 0.6) x 107"
em® molecule~!s™! at 296 = 1 K, respectively (the latter
reevaluated using the presently recommended value of
Ks). A product study at room temperature and
atmospheric pressure of air of the NO; radical reactions
With CH3CH2CC1 = CHz, CH;CHCICH = CHz, CHsCH =
CHCH,CI and CH;CH = CCICH; was also carried out',

3. Conclusions and Atmospheric
Implications

A substantial data base concerning the rate constants
for the gas-phase reactions of the NOs radical with or-
ganic compounds is now available, with rate constants
having been determined using both absolute and relative
rate methods. To date, the majority of these kinetic data
have been obtained at room temperature using relative
rate techniques utilizing both the reactions of the NOs
radical with other organic compounds and the equi-
librium constant K; for the NO3 + NO; =2 N;Os reactions
as the reference reaction. However, despite significant
uncertainties in the equilibrium constant Ks, the available
data base exhibits generally good agreement and self-
consistency. Clearly, further absolute rate data are
needed, preferably as a function of temperature, before
the NO; radical reactions can be viewed as being on as
firm a base as are the corresponding OH radical reac-
tions.t” As for the reactions of the OH radical with or-
ganic compounds,®* there is a general lack of
mechanistic and product data available for the reactions
of the NOs radical with organic compounds.

From the ambient tropospheric NOs radical concentra-
tion data presented by Atkinson etal.,”” the geometric
mean maximum NO; radical mixing ratio over continen-
tal areas is ~35 ppt (with a two standard deviations
spread of an order of magnitude). Since for a given 12-hr
nighttime period the average NO; radical concentration
is less (sometimes significantly less''*'*'") than the max-
imum, a 12-hr average nighttime NO; radical concentra-
tion in the tropospheric boundary layer over continental
areas of ~5 X 10° molecule cm™ (20 ppt) appears rea-
sonable. This 12-hr average nighttime NO; radical con-
centration is ~300 higher than the global tropospheric
12-hr average OH radical concentration of 1.5 X 10°
molecule cm~? derived from the atmospheric concentra-
tion and emissions data for 1,1,1-trichloroethane
(CH;CCls).”* Thus, since reaction with the OH radical is
a major, if not dominarit, daytime chemical loss process
for organic compounds in the troposphere,” the rate con-
stants for the NOs and OH radical reactions must be in

the ratio knoykou >1072 for the NO; radical reaction
with a given organic compound to be significant as a tro-
pospheric loss process.

The NO; radical reactions are then potentially signifi-
¢ant as a tropospheric loss process for the thiols and alkyl
sulfides, the alkenes other than ethene and the 1-alkenes
(hence including the monoterpenes and compounds such
as acenaphthylene and acephenanthrylene), the hydroxy-
substituted aromatic hydrocarbons, and certain other
specific compounds such as styrene, acenaphthene, azu-
lene and dimethyl selenide. In particular, since the day-
time NOs; radical concentrations may approach the
daytime OH radical concentrations under certain NOy
concentration conditions (see Sec. 1), those organic com-
pounds for which the NO; radical reaction rate constants
are comparable to, or exceed, the OH radical reaction
rate constants (for example, 2,3-dimethyl-2-butene,
a-phellandrene, a-terpinene, terpinolene, pyrrole, azu-
lene, dimethyl selenide, and o-, m- and p-cresol) may un-
dergo significant reaction during daytime hours with the
NO; radical in addition to reaction with the OH radical
and/or Os.
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