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Kinetic and Photochemical Data for

Atmospheric Chemistry Reactions of the Nitrogen Oxides

R. F. Hampson

This report contains 24 individual data sheets for thermal and photochemical

	

i	 reactions of importance in the atmospheric chemistry of the nitrogen oxides.

For each reaction the available experimental data are summarized and critically

	

Lill	 evaluated:, and a preferred value of the rate coefficient is given. The selection

of the preferred value is discussed and an estimate of its accuracy

is given. For the photochemical process the data are summarized, and

	

L

	 preferred values for the photoabsorption cross section and primary quantum

yields are given. These data sheets were prepared by the author for the

	

3	 evaluation by tha CODATA Task Group on Chemical Kinetics to be published

in the Journal of Physical and Chemical Reference Data.
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1. Introduction

This report contains individual data sheets for 16 chemical reactions

and 8 photochemical processes of importance in the atmospheric chemistry 3

of the nitrogen oxides.	 These data sheets were prepared by the author

for the evaluation by the CODATA Task Group on Chemical Kinetics to be

published in the Journal of Physical and Chemical Reference Data.	 The

Task Group convened to prepare this evaluation in a series of working

sessions, the last held in May 1979 to put the manuscript in final form

prior to submission for publication. The last meeting at which new data

was considered for evaluation was held in December 1978. 	 At that time

the Task Group restricted its consideration to data published in the

scientific literature, preprints of journal articles and significant new

results presented at open scientific meetings.	 The evaluations contained

in this report reflect the combined Judgment of the entire Task Group

whose membership consists of: J. A. Kerr (Chairman), D.	 L. Baulch, R. A.

Cox, R.	 F. Hampson, J. Troe and R. T. Watson.

2. Guide to the Data Sheets

The data sheets are of two types, (i) those for the thermal reactions

and (ii) those for the photochemical reactions.

2.1. Thermal Reactions

The data sheets begin with a statement of the reactions including all

pathways which are considered feasible. This is followed by the corresponding

enthalpy changes at 298 K.

The available kinetic data on the eactions are summarized under

three headings, (i) Absolute Rate Coefficients, (ii) Relative Rate Coefficients

2



u
and (iii) Reviews and Evaluations. Some of the earlier data summarized in

previous evaluations have been omitted, except where the data have a direct

bearing on the preferred data selected here. lender all three of the headings

above the data are presented as absolute rate coefficients. If the temperature

coefficient has been measured the results are given in a temperature-dependent

form over a stated range of temperatures. For bimolecular reactions the

temperature dependence is expressed in the normal Arrhenius form, k = A exp(-C/T)

where C - E/R.

Single temperature data are presented as such and wherever possible

the rate coefficient at 298 K is quoted directly as measured by the original

authors. This means that the listed rate coefficient at 298 K may differ

slightly from that calculated from the Arrhenius parameters dete^mined by

the same authors. Rate coefficients at 298 K marked with an asterisk indicate

that the value was calculated by extrapolation of a measured temperature

range which did not include 298 K. The data listed under Reviews and

Evaluations are from the most recent source if that source contains the same

recommendations as earlier reviews.

The tables of data are supplemented by a series of comments summarizing

the experimental details: For measurements of relative rate coefficients

the comments contain the actual measured ratio of rate coefficients together

	

^.	 with the rate coefficient of the reference reaction used to calculate

	

^•	 the absolute rate coefficient listed in the data table. The absolute value

or the rate coefficient gi^,en in the table may be different from that reported

by the original author owing to a different choice of rate coefficient of the

reference reaction. Whenever possible the reference rate data is that

preferred in the present evaluation.

The preferred rate coefficients are presented, (i) at a temperature
s

	

a ^:

	 of 298 K and (ii) in temperature-dependent form over a stated range of

i4 q

3



ON W

k

temperatures. This is followed by a statement of the error limits in

`	 log k at 298 K and in (E/R) for the temperature range of the preferred rate

coefficient. Some comments on the assignment of errors are given later

in this Introduction.

The "Comments" on the preferred values describe how the selection was

made and give any other relevant information. The extent of the comments

depends upon the present state of our knowledge of the particular reaction

in question. The data sheets are concluded with a list of the relevant

references.

2.2 Photochemical Reactions

The data sheets begin with a list of feasible primary photochemical

transitions for wavelengths usually down to 170 nm, along with the corresponding

enthalpy changes at 0 K and calculated threshold wa-sl engths. This is

followed by tables summarizing the dvilable experimental data on, (i)

absorption cross sections and (ii) quantum yields. These data are supplemented

by a series of comments.

The next table lists the preferred absorption cros s section data and

the preferred quantum yields at wavelength intervals of 5 nm where possible.

The comments again describe how the preferred data were selected and include

any other relevant points. The photochemical data sheets are also concluded

with a list of references.

2.3 Asignment of Errors

Under the heading "reliability", estimates have been made of the

absolute accuracies of the preferred values of k at 298 K and of the preferred

values of E/R over the quoted temperature range. The accuracy of the

4



preferred rate coefficient at 298 K is quoted as the term A log k, where o log

k = D and D is defined by the equation, lcgl0 k = C + D. This is equivalent

to the statement that k is uncertain to a factor of F where D - log 10 F. The

accuracy of the preferred value of E/R is quoted as the term A(E/R),

where A(E/R) = G and G is defined by the equation E/R = H + G.

The assignment of these absolute error limits in k and E/R is a

subjective assessment of the evaluators. Experience shows that for

rate measurements of atomic and free radical reactions in the gas phase, the

precision of the measurements, i.e. the reproducibility, is usually good.

Thus, for single studies of a particular reaction involving one technique,

standard deviations, or even 90% confidence limits, of ± 10% or less are

frequently reported in the literature. Unfortunately, when evaluators

come to compare data for the same reaction studied by more than one group

of investigators and involving different techniques, the rate coefficients

often differ by a factor of two or even more. This can only mean that

one or more of the studies has involved large systematic errors which are

difficult to detect. This is hardly -urprising since, unlike say molecular

reactions, it is not possible to study atomic and free radical reactions in

isolation and consequently mechanistic and other difficulties frequently

The arbitrary assignment of errors made here is based mainly on our

state of knowledge of a particular reaction which is dependent upon

factors such as the number of independent investigations made and the

number of different techniques used. On the whole, our assessment of error

limits errs towards the cautious side. Thus, in the case where a rate

coefficient has been measured by a single investigation using one particular

technique and is unconfirmed by independent work, we suggest that minimum

5



error limits of + 100% are appropriate. At the present time we do not feel

justified in assigning error limits to the parameters reported for the

photochemical reactions.

6
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46 C A c cc 01.^-- .-- C7
S A r A

wO N N ^ r Â
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i C^ r Ĉ1 y v•• O w' 4! v

> 7 L
r-

r N) .
c4!L N >f41

w
L 4;

ma r
r• .— O N - N M

w
3

H> M b = m > ^ ^' `r'( rvi a w .--

•^ Ln I ''^LL L71 4J 4J C 0 cl r
r L Rf N
L N ^ r •r ^ w N •^ - w

L O
>^ _

N O O N' t 41 it CA w
0 41 41 4- L Cr 4J N N w C U ^ r-

VN r- +0 +3 41 N Z >̂ _ r0 r- v
rO 0 ►••4 N L 4- a N v e••►

.-^- > v C O Or- C C C' Ll1 M Z
w

L> L N r-^ C -o r4 4J w 41 r-
7 C N O r- M 4J w N U C r w r-

C 4-) O u •r 41 u N C r 7 0 rzO i0 U !t•r L 41 N >f 01 E O O w
in.

N`
Ln

U E
a Y C V E 0^1 t C7 9 Lr_ ••

C
v01

E
L r-

r-
Q 4J O w e W co E tm 40- go 9% CLH 00 U O > V LN 9 O 41 (a 7 •r t 3 w C V 4J

L
L a

'O L O 41 C L w •r
U L.

0M1 U. L b t N
N co0 >>

r13 U

L ^O 4- 41 C 0 0 V S C u•r i0 4- > 4- 0 r- c 0 7 O4•1 O d; O (1 O O •• 0 v V 1J
La 4L- rN w

41 - 0) d a C N O O 0 w to R1 c O a .- LL. CC a
N •— N r 10 •r • 7 O z

f0 > L •r a > N N a ]L Z w
w Co 0

OO 0 F-- 7 4^ 7 (A O w 4^ C w L=
L r0 41 .0 4-

L
L b N N N 4J N O C 41O r• a v d O 41 c 3 M N d N r.0

4- = E b •1.► 4- > 4-) U t r- L 41 4-) '90 W 0
41

J2
41 7 N N C C O 41 R1 L i0 7 L Y

d M
4J

N c05 4 "O N C C m :i O Oa S.

> 041 41 L a L. r-I r-I r-I r•-4 r " r-I r-+t t •r O 4- t 0 4J r N M •Cf Ln LO N 001- F- 4- 4- O 1-- C Q u u u u u u u u

j

N
41

RS
>

L
4J
4-
47La
C
O

N
C

V

72



Ln L9)

Vim' N
r

1R3
T

tv

V
CO
4J
V
O
sn

N
NO
S.

cn
Vco 41t CV)

N Rr
C
r41
CL
L
ON
Q

^v Nv Mv

a D
M ^ v

O O O

C
O

41
u
i0

Z + +

NO N C
Z Z Z

L
t ? ?

t
4J
Of

+ ^ M M
O 2b 1n ^

Z 3 N N

73

.0

r®®
;- y

Z
4J

f<

r
1

E

Y

2
4

V
v

r

C
v

M
u

M
i

w
N
r _

C u

O m

V Vr
AA

D.

x Z

L^O
N

O O	 y

N
co

kD ^D

O O
11	 11

O O
N NZ Z

9 $

ee

N M
u

b

n ^

J
4J	 C

cr
O

3 ^
C

eC0 i0

N
O tC b
7 0

- N
41
C

d ^V
C

dV-

N
41
C

A•

V

C

t
4J
Cf
C
O

a

3

41
C

L

^l

XT

i
j

_	 ^ f

i

j

i

1 O

+
^

^
^ b

V L
+^

F

V

i RfD. u
? E

t V

+^.
O

Ln
O a

Li

i

d



d
vc

V wc N
to

E c
m c a •^

°z c
2 N •r dlr L

10 d uM > c
O L •^d ^

I c O 41
.r N "

^
10

^
41

C!
4A

r
C ¢!

t0
.0 O
10 •yD L ^
L 41 N O
O b A3 4J

d .G 4J
^ 10 >

+► L

C!a ^ n
N N O

qL)
3 N 41

b
V

O ig a
•^ N

u 4- 13/1 N
O 10 10 ♦1

O +N•/ 7
U CT

O O
N N NrZ Z ^

4- 4- L
•^ O O N

M N >
u u O

10
O > c c

L 10 /0
4- IV L L N
O O

c 41 0
c •^ a ao a a c

10
4-) N N
3 •^ •r N

►n V Z
]L C
CO N 4J L S.

0N 4- 4- O
^ V

4J t N 'G N
10 4./ 4-) r r ep

.,- /0 O N ^O Of

N
O

CA N t1f c c +-E 0ro O^+ > > 0

O Iy ? r r 1 L
E
"

N41 rd b Ir0 O
0 N • t - L r NN d b N tp Cl 0

0
c Ia Z t!3 O O O

to V b
V v v v v

14



j

4..

1

7	 ,s:

\
ONOr

	f^ M M t0 N N 1A ^ d' N	 O O.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
O d0 tD of M N r 0 0 0 0 0 0 0
r

CD O
kn  

001 in O O 
r0 

N M Ott 0 s O^ RN N N N M M M M M M M M M M

M N fl% N to
O O O 10 r M	 n Ln tC r I-Z 1lf N01 N M M M f*- 1n V M N N r r r
1C Ln M N r

1n O in O 411 O Ln O in O &0 O 1n O 611
O r r N N M M 4e V &D in %0 %0 f.% f^N N N N N N N N N N N N N N N

U1cO
v-

Va
N	 rC

NN
OLU
C
O.r.

fS
L
ON
Q NEfJ

dONOr

CN	 \a7r
b

L
a
w

0.

c
O

Uf .41

V ro
'aa 
q
c.	 ^^ E

nv
.^ a
c i
R1

O
O' 2

75



1

ri

o a r a ^'
Ln

4-3 IM

tG/1
G

c
t

ZO ++
^ r••• N fl.w

! -f^f n YI tJ aN V r-• O b O t ^_u u •^ 3 'g u 4J
p^

&
a

GO a C L L C 4- •^
Ch

to

C c c c orm o
rc^ c + a+ c

N C r Vb NN a L •r •r p•G r-- G N '0 4-0 IA

'•°9 4b3r •gi e~«
L^

v
0
4j

p

A
S. V

•^C O
V

O ^ a

S.
4

a a t Li0 a 4- L 4-) N ^oL O N
.°C

4-
° a

i
r o v

a

c 4-
o c a o a10 =

to

4-) +J ++4 ^ cc
t r ^ z

a aii aci ^i 4A 4J •o =
d t b oIM
b H v

a
a=a r 0N 3 L L CO a :.^ O

-C
444J b C r-01 ^O VG! N r-I r C a M L aS. M CV •r- •r. 4- aL...1

V
L

L 1••'7
N

N O a 4J r a a La 4- U Vd •r = •r.
3 C N 4J :01 r- a_

> +1> L J a i0 C >
La. rte-C P-% a C Op L +J 4a-

L
•y

7 4J
J °• >' a

a
a

N O 4J a 0 C

3
L.

N 0 O N O a Oa L V C. N 4- t Cr ++U C a N a ++'a L
N .O- '0 L0 C ^ O

7 L E b EM +J C Im4AL. >'0 C d NL. C

4a- •^.0 a -P O O 4 O10 t 4J •r- • r- cagĈ YC. -0 C a R! c OaJ r0
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