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Some 49 reactions involving conlpounds of the type H,O, have been examined in terms
of their possible significance to stratospheric and mesospheric chemistry. Of this set of 49,
some 20 processes were evaluated to be of potential importance. Within this subset of 20,
the rate constants for 8 of these reactions were indicated as either having undergone a
significant reevaluation within the last 2 years or were due to be reevaluated based on n e w
data. A discussion of new experimental data resulting in these reevaluations is presented.
Finally, reconiniendations are made as to the need for new experimental work.
Quelques 49 rtactions irnpliquant des composts de type H,O, o n t Ctk examintes e n
fonction de leur importance possible dans la chimie stratosphtrique et nitsosphtrique. De
ce nonibre, 20 rtactions se sont rtv6lCes d'un inttr&t potentiel.
Dans ce sous-ensemble de 20, les constantes de vitesse d e 8 de ces rtactions sont relikes
soit h une 1.66valuation significative pendant les 2 dernitres annies, soit ttaient dues p o u r
&tre rttvalutes en se basant sur d e nouvelles donntes. On discute des nouvelles donnCes
exptrirnentales rtsultant de ces rttvaluations. Finalenient des reconiniendations sont
faites quant au besoin de nouveaux travaux exptrimentaux.
[Traduit par le journal]
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is to be expected. At the temperatures of the
stratosphere and mesosphere, 21 0-273 OK,
reaction 26 would clearly be unimportant. In
the preceding example, a quick inspection of the
thermodynamics of the reaction was sufficient to
reject the process as not being of atmospheric
[A] H,O, + H,Oy -> products x , y = 0,1,2
importance. For a large number of reactions,
however, careful kinetic comparisons need to be
[B]
H,O, + H,O, -> products x , Y = 0,1,2;
made with other possible competing reactions.
U, U = 0,1,2
In other cases, a modelling sensitivity test can
[C]
H,O, + SO2 -> products
x , y = 0,1,2
be performed in which the rate constant for the
reaction of interest is allowed to take on a range
of
values. The atmospheric importance of a
[El
H,Oy + CH,
products x , y = 0,1,2
partic~~larreaction is then ascertained by a
The possible encounters of type A, B, C, D, and careful examination of the effect that this
E have been summarized in the form of two variation has on the output data of the model.
reaction grids (see Table 1).
In the case of the 49 reactions listed in grids I
From grid I, it can be seen that some 28 and 11, this author has used simple thermodyindependent reactions of type A and B must be namic and kinetic arguments in conjunction with
considered. Grid I1 shows another 21 reactions the modelling results of Crutzen ( l ) , Hesstvedt
of types C, D, and E. An immediate question, (2), Johnston (3), and Nicolet (4), t o reduce this
therefore, is whether or not all 49 processes are set to 20 key processes. These 20 reactions have
of atmospheric significance, and hence must be been labelled in Table 1 by placing the reaction
used in chemical modelling studies. Fortunately, number in parentheses. The list includes procesthe answer to this question is no. Many of those ses 3, 6 , 7 , 9 , 10, 11, 13, 14, 16, 18, 20,23,24,
reactions listed can be ruled out on thermody- 25, 30, 31, 33, 37, 38, and 44.
In the following text, Table 2 is presented
namic or kinetic grounds. For example, in the
case of reaction 26, 0, + 0, -t O,
0, the which gives the experimental status of each of
endothermicity of this process is -93 kcal/mol. the above reactions. In each case, there is first a
Thus, an activation energy of at least 93 kcal/mol qualitative statement given as t o why the

Introduction
In an effort to systematically examine the
stratospheric and mesospheric reaction kinetics
of H,O, compounds, this author has elected to
classify these reactions into five major groups:
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TABLE
1. Reaction grid showing possible encounters of the type* A, B, C, D, E
-

H

OH

HOz

1

2
8

(3)
(9)
(14)

29
36
43

(30)
(37)
(44)

(31)
(38)
45

H202

0(3P)

0 2

0 3

Can. J. Chem. Downloaded from www.nrcresearchpress.com by 74.190.195.149 on 05/04/12
For personal use only.

Grid I
4
(10)
15
19

Grid 11
32
39
46

'Parentheses indicate key reactions.

reaction is considered to be important. Next, a
list of all recent rate constant evaluations is
presented. And finally, if any new kinetic data
has been reported since the most recent evaluation, this work is cited and its possible influence
on previous evaluations discussed. In those
cases where the recommended value for a rate
constant has changed significantly from one
evaluation to another, further discussion is given
explaining the basis for this change.

(7) and Kurylo (8) is nearly 3 times larger than
the old value quoted. The net effect, therefore,
is a rate constant at stratospheric temperatures
(for M = N,) which is 1.5 times larger than
that calculated from the previous evaluation by
Baulch et al.
Although the value of the rate constant for
reaction 13 (OH + 0, + HO,
0,) changed
by nearly a factor of 20 from 1971 to 1973, its
value is now considered to be reasonably well
established. The new evaluation quoted is based
on the work of DeMore (9) and Anderson and
Kaufman (10). These results were recently
corroborated at 300 OK from investigations by
Kurylo (8) and Davis and Schiff (1 1). In all,
three different experimental techniques have now
been used to examine this system: low intensity
steady-state photolysis; discharge-flow with
resonance fluorescence detection; and flash
photolysis - resonance fluorescence.
Reaction 18 (HO, + 0, + OH + 20,) was
believed for many years to be far too slow to be
of any significance in atmospheric chemistry.
The value of the rate constant now recommended,
however, would indicate that this reaction may
be of some importance. The latest results of
Simonaitis and Heicklen (12), involving a
relative rate study of the competing system

-

+

Discussion
Of the 20 reactions listed in the previous text,
the rate constants for 8 of these have either
recently undergone a significant reevaluation or
would now appear to be due for one based on
new rate data. The reactions of interest are 6,
13, 18, 24, 33, 37, 38, and 44.
Reaction 6 was recently reevaluated by the
CIAP Kinetics review group (5), and was
assigned a somewhat lower temperature dependence and a higher pre-exponential factor
than given in the review by Baulch et al. (6)
(CIAP, E = -680 cal/mol, A = 6.7 x
Baulch et al., E = - 1000 cal/mol, A = 4.1 x
for M = Ar or He). The new evaluation
is based on the 300 OK data reviewed by Baulch
et al. and the more recent low temperature work
by Davis and Wong (7) and Kurylo (a), using
HO2 + 0 3 -> OH + 2 0 2
flash photolysis - resonance fluorescence tech- and
niques. A quick calculation shows that at stratoHO2 + H 0 2 -> H202 + 0 2
spheric temperatures of 220 OK, the new rate
constant would be nearly 1.5 times smaller than give a rate constant of -3.5 x 10-l6 cm3
that given by the evaluation of Baulch et al. This molecule-' s - ' at 220 OK. This can be compared
is not the case, however, since the third body with the calculated value from the CIAP
efficiency for N, reported by Davis and Wong evaluation of -2.0 x 10-l6 cm3 molecule-' s-I.
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TABLE2. Table of kinetic rate data*
[3] H

+ H 0 2 + E2 + O2 (a)
OH + OH (b)
H z 0 + 0 (c)
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Atmospheric significance
i. Important source of Hz in the middle and upper mesosphere
ii. Of some importance in the mesosphere and upper stratosphere as a loss reaction for odd hydrogen
Evaluations
Baulch et a/. (6)

(a) 4.2 x lo-" exp (- 350/T) 290-800 "K
(b) 4.2 x lo-" exp (- 950/T) 290-800 "K
(c) No recommendation
Same as above

CIAP (5)
New rate data
Westenberg and deHaas (17)

(a) :(b) :6 )
0.62:0.27:0.11

e.s.r.-discharge-flow technique

300 "K

Will not significantly influence CIAP value

+

+

+

0 2
M + HOz
M
[6] H
Atmospheric significance
i. Major source of H 0 2 in the mesosphere and stratosphere
ii. Major loss reaction for H atoms in the mesosphere and stratosphere
Evaluations
exp (500/T) 300-2000 OK
4.1 x
Baulch et a/. (6)
M = Ar; Ar(1 .O), He(1 .8), N2(2. I), 0,(1.7), H20(70)
6.7 x
exp (290/T) 203-404 OK
CIAP (5)
M = Ar; Ar(1 .O), He(1 .O), N2(3. I), 0,(3.1), H20(25)
New rate data: none

+

+

[7] H
0 3 + OH
0 2
Atmospheric significance
i. Important OH source in the mesosphere and the middle and upper stratosphere
ii. Moderately important loss reaction for H atoms in the mesosphere and upper stratosphere
Evaluations
NBS
CIAP (5)

300 OK
2 . 6 x lo-"
Same as above

New rate data: None

+

+

+

+

[9] OH H02 -> H z 0 0 2
Atmospheric significance
i. Important source of H 2 0 in both the stratosphere and mesosphere
ii. Major loss reaction for odd hydrogen (OH, HO2, H)
Evaluations
k = 1 x lo-"
300 OK
Kaufman (23) (estimate)
1 . 7 x lo-" exp (- 500/T) 300 "K
Lloyd (19) (estimate)
2 x 10-lo
300 O K
Hochanadel et a/. (24)
2 x lo-" ik < 2 x 10-lo 300 OK
CIAP (5)
New rate data: None
[lo] OH Hz02 + H,O
HOz
Atmospheric significance
i. Important loss reaction for OH throughout the stratosphere
ii. Important loss reaction for H 2 0 2 in the stratosphere
Evaluations
1.7 x lo-" exp (-910/T) 30&800 "K
Baulch et a/. (6)
Same as above
NBS
Same as above
CIAP (5)
New rate data: None
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TABLE
2. (Continued)

+

+

+

+

[ i l l OH
0 ( 3 ~ ) + 0 ~ H
Atmospheric significance
i. Major source of H atoms in both the stratosphere and mesosphere
ii. Major loss reaction for OH in both the stratosphere and mesosphere
iii. Major loss reaction for 0 ( 3 P )in the mesosphere
Evaluations
Baulch et al. ( 6 )
Wilson (21)
CIAP ( 5 )
New rate data: None
0 3 + HOz
0 2
[13] OH
Atmospheric significance
i. Possible important loss reaction for O 3 in the middle and upper stratosphere
Evaluations
1.6 x 10-l2 exp (- 1000/T) 220-450 "K
NBS
CIAP (5)
Same as above
New rate data
Kurylo (8)
5.0 x 10-l4 300°K
Davis and Schiff ( 1 1 )
7 . 5 x 10-l4 3 0 0 " ~

+

+

+

+

H02 -> Hz02
OH
[14] HOz
Atmospheric significance
i. Major source of H 2 0 2 in both the stratosphere and mesosphere
ii. Moderately important loss reaction for odd hydrogen ( H , H 0 2 , O H ) in the lower and middle stratosphere
Evaluations
300 "K
3.3 x 10-l2
Baulch et al. (6)
3 x 10-l1 exp (- 500/T) 300-1000 "K
NBS
3 x 10-l1 exp (- 5OO/T) 300-1000 "K
CIAP (5)
New rate data: None
O2
[16] H 0 2 0 ( 3 P )-> OH
Atmospheric significance
i. One of the major loss reactions for H 0 2 in the mesosphere and the upper and middle stratosphere
ii. One of the major OH sources in the mesosphere and the upper and middle stratosphere
iii. One of the major loss reactions for odd oxygen [O(3P);0 3 ]
in the mesosphere and upper stratosphere
Evaluations
Lloyd (19)
8 x lo-" exp (- 500/T) (estimated)
Same as above
CIAP (5)
New rate data: None

+

+

0 3 ->OH
202
[18] H02
Atmospheric significance
i. A possible significant source of OH a t mid-stratospheric altitudes (see discussion section)
Evaluations
CIAP (5)
k = 1 x 10-l2 exp (-1875/T) 220450 "K
New rate data
Simonaitis and Heicklen (12) 3.3 x 10-l4 exp (-1000/T) 225-298 " K
Relative rate measurement, klk., where k , is HOZ H 0 2 -> H 2 0 2 O 2
Assumed k , had zero temperature dependence

+

[20] H 2 0 2

+

+ 0 ( 3 P ) ->
->

OH
Hz0

+ H 0 2 (a)
+ (b)
0 2

Atmospheric significance
i. Moderately important loss reaction for H 2 0 2 in the mesosphere and upper stratosphere
Evaluations
CIAP (5)
k(a b ) = 3.6 x l o - ' ' exp (-2950/T) 283-373 "K
New rate data: None

+
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+

[231 ~ ( ' P I + ~ ( ' P I M -> 0, + M
Atmospheric significance
i. Moderately important loss reaction for 0 ( 3 P ) in the mesosphere and upper stratosphere
Evaluations
T-' exp (- 170/T) 1000 < T < 8000; M = Oz
Johnston (3)
3.80 x
CIAP (5)
Same as above
New rate data
298 OK; M = N,
Campbell and Gray (25) 4.8 x lo-''
196 OK; M = N,
10.1 x
Should not alter evaluation by Johnston significantly

+

+

+

M --f 0 3
M
[24] 0(3P) 0 2
Atmospheric significance
i. Major reaction of 0(3P) in the stratosphere and mesosphere
ii. Only known source of O3 in the stratosphere and mesosphere
Evaluations
Johnston (3)
4.6 x
exp (10SOIT) 200-1000 OK; M = 0 3
exp (1050/T); M = Ar
1.2 x
CIAP (5)
6.6 x
exp (510/T); M = Ar; 200-346 "K
Relative M efficiencies: Ar (1.0) N, (1.6) 0, (1.7) HzO (15)
New rate data: None

+

[25] 0(3P) 0 3 -> 202
Atmospheric significance
i. An important loss reaction for 0' in the upper and middle stratosphere
Evaluations
2 . 0 x lo-'' exp (-2410/T) 200-1000 "K
Johnston (3)
2 . 0 x l o - ' ' exp (-2410/T)
188-1000 OK
NBS
1.9 x lo-'' exp (-2300/T) 220-1000 "K
CIAP (5)
New rate data: None

+

+

+

SO2 M
HSO,
M
[30] O H
Atmospheric significance
i. A possible important reaction in the conversion of SO, to sulfuric acid aerosol
Evaluations: None
New rate data
Davis et al. (20)
-3 x lo-"; M = H Z O ;
Relative rate measurement 300 "K (The
reference reaction in this system was OH
CO -> COz
H)
Flash photolysis - resonance fluorescence
Reaction is in the high
Davis and Schiff (I 1)
pressure fall region
300 OK
above -10 Torr of
He. At 500 Torr He,
the effective bimolecular rate constant is
2.5 x 10-3
J

+

+

+

[31] HOz
SO2 -> O H SO3
Atmospheric significance
i. A possible important reaction in the conversion of SOZ t o sulfuric acid aerosol
Evaluations
CIAP (5)
8.7 x lo-'= 300 " K
New rate data: None

+
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0 ( 3 P ) M + SO3 M
[33] SO,
Atmospheric significance
i. Considered to be of possible importance in the conversion of SO, to sulfuric acid aerosol
Evaluations
Schofield ( 1 5)
1 x
exp (500/T)for M = Ar, O,, N2, He; 250-1000 "K
CIAP (5)
Same as above
New rate data
Davis el a[. (16)
3.4 x
exp (- 1120/T) for M = N,
353-220 "K
Flash photolysis - resonance fluorescence
Relative efficiencies N,: He:Ar:SO, 1 . 0 : 0 . 4 5 : 0 . 8 7 : 6 0
New data will have a significant effect on previous evaluations

+

+

+

+

H
[37] OH CO + COZ
Atmospheric significance
i. Only important atmospheric process known to convert CO to CO, in the stratosphere and mesosphere
ii. Important loss reaction for O H in the lower stratosphere
Evaluations
Schofield (15)
1.1 x 10-l2 exp ( - 5 1 5 / T )
Baulch, Drysdale, and Lloyd
9 . 3 x 10-l3 exp ( - 5 4 0 / T )
Wilson (21)
5.1 x 10-l3 exp (- 300/T) 200-2000 "K
CIAP (5)
5.1 x 10-l3 exp (- 300/T) 200-2000 OK
New rate data
1.33 x 10-I3 exp (-O.O/T) 450-300 "K
Westernberg and deHaas (17)
Zellner and Smith (18)
2.1 x 10-l3 exp ( - 5 0 / T )
470-215 OK
373-220 "K
Davis et al. (16)
2.05 x 10-l3 exp ( - 7 0 / T )
New rate data will have a moderate effect on previous evaluations
[38] HO,
CO -> CO,
OH
Atmospheric significance
i. Considered at one time to be of possible importance in the conversion of CO to COZin the stratosphere
Evaluations
Lloyd (19)
-1 x
CIAP ( 5 )
< I x lo-lg
New rate data: None

+

+

Hz0
[44] OH CH4 -> CH,
Atmospheric significance
i. Major initial step in the oxidation of CH, in the stratosphere
Evaluations
Wilson (21)
4.77 x lo-'' exp (- 2500/T) 300-2000 "K
CIAP ( 5 )
Same as above
New rate data
Flash photolysis - resonance fluorescence
Davis et al. (26)
2 . 5 x 10-l2 exp (- 1700/T) 240-373 "K
New data will have a significant effect on previous evaluation
'The units for all rate constanls reported in this table are in cm3 molecule-' s - ' and cm6 molecule-2 s r 2 .

Although the disagreement is only a factor of 2 it
must be pointed out that all reported studies on
this system have involved indirect measurements,
with complex chemistry. It is not unreasonable,
therefore, that the value of this rate constant
could change in future evaluations by as much
as a factor of 3. A final point that should be made
in regards to reaction 18 is the role it might play
in defining the ozone profile in the stratosphere.
Whereas, it might first appear that an increase in
the value of k , , would necessarily cause a reduc-

tion in the predicted ozone profile, Crutzen (1)
has recently carried out calculations which
indicate something quite different. Crutzen's
argument is that an increase in k,, would cause
an increase in the stratospheric O H concentration and this in turn would reduce the level of
NO, via the reaction
OH

+ NOz + M + H N 0 3 + M

The subsequent reduction in NO, could then
cause a lowering of the efficiency of the NO-

DAVIS: KINETICS REVIEW OF ATMOSPHERIC REACTlONS
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NO, catalytic cycle and thereby preserve 0 , .
His calculations show, in fact, that the faster
value of k,, now being used could cause a very
slight increase in the predicted profile of 0,.
Reaction 24 is one of the key reactions in the
stratosphere. It is believed to be the single
important source of ozone, and hence, any
variation in the value of k,, has nearly a linear
effect on an atmospheric model of the stratosphere. From Table 2, it can be seen that a significant change in the rate expression for this
process took place from the 1968 Johnston
review to the 1973 CIAP evaluation. This reevaluation was based on the recent work of
Huie, Herron, and Davis (14), who made direct
measurements of the rate constant for this
system using the technique of flash photolysis resonance fluorescence. The temperature range
covered was 200-346 OK. From Fig. 1, it can be
seen that the agreement between Johnston's
evaluation (derived from the equilibrium constant and the k value for the reverse reaction)
and the results of Huie et al. is within 10% at
298 OK. At stratospheric temperatures of 220 OK,
the difference in /c values is a factor of 2, the
newer value (5) being a factor of 2 lower.
Reaction 33 has received considerable atten-

1411

tion the last few years due to its possible importance in the conversion of SO, to sulfuric acid
aerosol in the now well-known Junge aerosol
belt (16-22 km). Nearly all of the work reviewed
by Schofield (15) was carried out at 300 "K and
the experimental techniques employed were
mainly either discharge flow systems with e.s.r.
detection or indirect photochemical methods.
Because the reaction was known to be third
order, Schofield assigned a negative temperature
dependence to the reaction of - 1000 cal/mol.
More recently, Davis, Schiff, and Fischer (16)
using the flash photolysis - resonance fluorescence technique examined this reaction over a
temperature range of 353-220 OK for M = N,,
He, Ar, and SO,. In this study a static reaction
cell configuration was employed in which
pressures as high as 1500 Torr could be used.
Their results indicated lower values for the third
order rate constants at 300 OK for all M gases
employed; most importantly, the results showed
the reaction to have a positive temperature
dependence of 2000 cal/mol. The explanation
given for the observed positive temperature
dependence was that the third order reaction
proceeded via a two step mechanism. The first
step would involve the formation of the spin
allowed triplet SO, molecule. The second step,
the intersystem crossing of the SO3 triplet to the
single ground state SO,, could then give rise to
the observed positive temperature dependence.
A comparison of the rate constants at 220 OK
shows the results of Davis et al. (16) nearly 2
orders of magnitude lower than that predicted
from Schofield's equation (15). If the results
from this new study are correct, the importance
of reaction 33 to the SO, aerosol conversion
mechanism would appear to be negligible. A
possible exception to this conclusion, however,
would be if the reaction of triplet SO, with H,O
was found to be much faster than for the same
reaction involving ground state singlet SO3. The
latter species would be formed from reaction 31
(HO,
SO, + OH
SO,).
x
50 torr
o 100 torr
The rate expression for the reaction of OH
v 500 o r r
with CO (process 37) has undergone several
0 I50 torr
changes in the last 10 years. In 1963, for example,
the activation energy was listed as 10 kcal/mol;
in 1965, 7.7 kcal/mol; in 1967, 2.5 kcal/mol;
again in 1967, 1.0 kcal/mol; in 1972, 0.6 kcall
FIG. 1. Arrhenius plot for the reaction 0 ( 3 P ) + O 2
+M+Oa+M;Johnston (3), (-..-)
Mul- mol; and finally in 1973, E:,,, -0.06 kcal/mol.
The near zero activation energy now being
cahy and Williams (27), (-----)Clyne e t a / . (28), (- - -)
Huie et a / . (14).
suggested is the result of new studies in 1973 by

/

i

+

+
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Westenberg and deHaas (17), Zellner and
Smith (1 8), and Davis, Schiff, and Fischer (16).
The techniques employed in these three independent studies include discharge flow - e.s.r.
detection, flash photolysis - absorption spectroscopy, and flash photolysis - resonance fluorescence. All three involved direct measurements
of the O H radical concentration us. reaction
time. Below 373 O K , the data all lie within JOY,
of each other. Since the temperature dependence
for this reaction now appears to be very small it
is quite possible that it does not, in fact, reflect a
small threshold energy for the reaction but rather
a small temperature dependence in the preexponential factor. The fact that the low
temperature data d o not extrapolate linearly into
the high temperature results on this reaction
could be due to two reasons: (I) the high temperature data are systematically in error because
of the much more complex nature of the chemistry at these temperatures; or (2) the simple
Arrhenius expression is inadequate for treating
this system over an extended temperature range.
The latter possibility has been considered by
both Westenberg and deHaas and Zellner and
Smith who applied transition state theory to this
system. Both sets of calculations predicted strong
curvature in the In k us. l/Tplot at temperatures
above 500 OK.
The rate constant for the reaction of HO,
with CO (process 38) has also undergone some
enormous fluctuations in the last 2 years. This
reaction was listed in the set of 20 important
atmospheric reactions because of the recently
reported k value for this process of lo-'' cm3
molecule-' s-'. This result, reported by
Westenberg and deHaas, would have made this
reaction the single most important atmospheric
oxidation path for conversion of C O to CO,.
Previous to the Westenberg and deHaas measurement, Lloyd's 197 l evaluation (1 9) (based
primarily on high temperature data) listed the
value of the rate constant as
cm3 molecule- s- '. The 1973 CIAP evaluation is based
on the newer results of Davis, Payne, and Stief
(20) and Simonaitis and Heicklen (12). Both
studies gave values in the range of lo-'' cm3
molecule-I s-I, making reaction 38 of negligible
importance to atmospheric modelling efforts.
Two of the major differences between the
experiments carried out by the latter two
groups and those by Westenberg and deHaas

-

-

'

VOL. 5 2 .
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were the total pressure and gas compositions.
In Westenberg's experiments a low pressure
discharge flow system with e.s.r, detection of H,
0 , and O H was employed, whereas Davis et al.
(20) and Simonaitis and Heicklen (12) used
high pressure photochemical methods containing
large amounts of water vapor. It has been
suggested by Davis et al. that a possible explanation for the 8 orders of magnitude difference
might have been the presence of vibrationally
and rotationally excited OH or HO, in Westenberg's experiments (1 7).
A final reaction whose rate expression would
appear to be due for a reevaluation is process
44. The 1972 evaluation by Wilson (21) gives
the activation energy as -5 kcal/mol. This
evaluation excluded (or minimized) the low
temperature data of Greiner (22) and instead
relied more upon the numerous high temperature results. However, the newer low temperature data (373-240 OK) of Davis, Schiff, and
Fischer (16) corroborate the earlier results of
Greiner, giving a n activation energy of -3.4
kcal/mol. In the latter study by Davis et al., low
flash energies which produced n o more than
1010-1011 O H radicalslcc were used in combination with resonance fluorescence detection.
The probability of secondary reactions being
important, therefore, appears to be quite small.
As in the O H f C O system, the low temperature data for process 44 d o not extrapolate
linearly into the high temperature results. The
explanation for this behavior is probably similar
t o that for the OH-CO reaction.
Recommendations for New Experimental Work
Thus far very little has been said about the
reliability of the rate constants quoted in the
text. However, since the recommending of new
experimental work necessarily reflects the uncertainty in available rate data, a n acceptable
magnitude for this uncertainty must now be
indicated. In this case, those reactions which
this author feels are in need of additional work
would typically have uncertainties of no smaller
than f50%, and in some cases the uncertainties
might be as high as plus or minus a factor of 5.
It is this author's opinion that there are three
general areas where additional experimental
work would be desirable. These include: (1)
ozone reactions, 7, 13, and 18 ; (2) SO, reactions,
30, and 31 ; and (3) radical-radical reactions, 3,
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9, 11, 14, and 16. In the case of the first group
mentioned, there have been no direct measurements of the temperature dependence of process
7 (presumably small) and only two measurements at 300 O K . The value of the rate constant
for reaction 13 appears to be well established at
300 OK, but additional direct measurements of
the temperature dependence of this process
seem to be justified at this time. As pointed out
earlier in the text, there have been no direct
measurements of the reaction of HO, with 0 , .
The two homogeneous gas phase reactions
which now appear to provide a possible explanation for the presence and location of the Junge
aerosol belt are processes 30 and 3 1. Only
preliminary data at 300 OK are now available for
reaction 30 and only relative rate measurements
at 300 OK have been con~pletedfor reaction 31.
Both must be studied as a function of temperature, and reaction 30 must be investigated also as
a function of total pressure.
One of the most neglected areas of experimental kinetics has been that of radical-radical
reactions. These measurements are necessarily
difficult since absolute concentrations of transient species must be determined. In most cases,
the rate constants quoted for these fast reactions
have been estimated only. With the possible
exception of reaction 14, very few direct measurements exist at 300 OK, and almost no ternperature de~endencestudies have been carried out.
~rocesse's3, 9, 11, 14, and 16 are of critical
importance to present modelling efforts since in
many regions of the atmosphere they control
the important ratios H 0 , : O H ; 0 : O H ; and
H :OH.
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