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of Transportation's Climatic Inpact Assessment Program. Continued 
stimulation is needed to insure that the remaining charged-particle 
and neutral reaction-rate coefficients are measured. 
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INTRODUCTION 

The earth's atmosphere is ionized by several types of radiation 
during the course of a day.* In addition to the natural sources of 
ionization, the atmosphere can be ionized by different types of radia¬ 
tion from nuclear bursts. The ionization, and accompanying excitation 
and dissociation, initiate reactions which form the chemistry of the 
atmosphere. The inportance of a particular reaction varies with time 
and location, especially with altitude. This report surveys the two- 
body and three-body reactions occurring in the ionized stratosphere 
and mesosphere, the altitude region approximately between 15km and 85km. 

The reactions listed in this report constitute most of the chemistry 
included in the AIRCHEM computer code under development at the Ballistic 
Research Laboratories. Not included are reactions involving photons as 
a reactant nor energetic particle reactions producing ionization, ex¬ 
citation, and/or dissociation. The chemistry has undergone a number of 
changes as new information became available. The current set of reactions 
is not the final word. From this observer's viewpoint, the rapid advances 
in laboratory measurements during the past decade seem to have slowed 
down. This uifortunate circumstance should allow this report to be 
disseminated before it becomes totally obsolete. 

The prime source of information for reaction-rate information of 
the type needed for the AIRCHEM code is the Defense Nuclear Agency's 
Reaction Rate Handbook. In this handbook, many more reactions are 
listed than deemed necessary for the AIRCHEM code. As usual in a field 
where active work is on-going, better values exist for some of the 
reactions than are given in the handbook. In this survey we give the 
rate coefficients listed in the handbook to identify changes from the 
handbook values, to point out the estimated uncertainty associated with 
each rate coefficient, and tc indicate the data base on which the rate 
coefficients have been selected. Reactions whose rate coefficients have 
been estimated are clearly identified. These reactions are included in 
the AIRCHEM code even though measurements of their rate coefficients 
have not been made. To omit them is to assume that the rate coefficients 
are zero — an assunption which would be surely false. These estimated 
rate coefficients are the ones most urgently in need of measurement. 

* 

Referenoea are Hated on page 29. 



Only gas-phase reactions are given. So little is known about 
reactions on the surfaces of aerosols, or even what aerosols are present 
in the stratosphere and mesosphere, that we cannot say whether or not 
these types of reactions are important. 

The reactions and their rate coefficients will be discussed in five 
sections. Section 1 presents the positive-ion reactions other than 
ionization, ion-electron recombination, and ion-ion recombination. Types 
of reactions presented are positive-ion charge transfer, positive ion- 
atom interchange, three-body positive-ion-neutral association, and 
positiye-ion collisional dissociation. Section 2 presents the reactions 
involving electrons other than ionization and photodetachment. Types of 
reactions presented are three-body attachment, collisional detachment, 
associative detachment, dissociative attachment, and dissociative re¬ 
combination. Section 3 presents the negative ion-reactions other than 
electron attachment, electron detachment, photodissociation, and ion-ion 
recombination. Types of reactions presented are negative-ion charge 
transfer, negative ion-atom interchange, three-body negative-ion-neutral 
association, and negative-ion collisional dissociation. Section 4 pre¬ 
sents ion-ion recombination for positive ions and negative ions. Section 
5 presents the reactions between neutral species. Types of reactions 
are radiative neutral recombination, three-body neutral recombination, 
neutral rearrangement, radiative electronic-state deexcitation, and 
collisional electronic-state quenching. 

The species within the reactions are ordered as reactants or as 
products according to the listing in Table I. It is presumed that the 
measurements refer to ground state unless explictly indicated. The re¬ 
actions are listed in the tables according to the reactant within each 
reaction appearing first in Table I with the exception that endothermiw 
reactions are listed with the exothermic reaction involving the same 
species. The tables are devided into two parts. Those reactions in¬ 
cluded in the AIRCHEM code are given first and then those omitted are 
given. 

As can be seen from Table I, 58 species are considered to undergo 
reactions in the AIRCHEM code. (The code can accommodate more species 
and more reactions with very little change in coding.) The symbol M is 
used to denote aay third body. In the atmosphere, M can normally be 
considered to be and at altitudes of interest to this report. 

Only the first hydrate of any of the negative ions is included in 
the AIRCHEM code. This is solely because of our lack of knowledge 
regarding the formation and destruction of hydrated negative ions. 
Multiple hydrates have been observed in laboratory experiments and in 
the mesosphere. 

For very few of the reactions involving ions are there enough 
measurements to make a critical review. Especially needed are rate- 
coefficient measurements over the temperature range 150K to 600K. 

12 



Several reviews of neutral reactions have recently been given. These 
have been utilized to provide the rate coefficients given in Section 5. 

1. POSITIVE-ION REACTIONS 

Table II lists two-body and three-body, positive-ion reactions 
and their rate coefficients with the exception of initial ionization, 
excitation of ions, positive ion-electron recombination, and ion-ion 
recombination. Table II is in two parts. Part A gives the reactions 
in the current versions of the AIRCHEM computer code. Part B gives 
some of the reactions deliberately omitted from the AIRCHEM code. 
Figure 1 is a schematic representation of the reactions in Part A. A 
solid line indicates that the rate coefficient or equilibrium coefficient 
for the reaction connecting two species has been measured at room tem¬ 
perature. A dashed line indicates that the rate coefficient for a re¬ 
action connecting two species has been estimated. 

Cosmic rays, energetic particles. X-rays, and gamma-rays can 
ionize all of the neutral constituents of the stratosphere and mesosphere; 
but, since N2 and 02 are by far the major constituents, the principal ions 

produced are N+, N2+, 0+, and C>2+. In the mesosphere, Lyman-a radiation 

ionizes the minor constituent NO. This is the dominant ionizing process 
between about 65km and 85km at mid-iatitudes under normal conditions. 
Below 65km, ionization by cosmic rays is the dominant ionizing process 
under normal conditions. 

The reactions readily divide into two sequences as illustrated in 
Figure 1. One sequence has NO4- as the precursor ion; the other sequence 

has 0-+ as the precursor ion. Before examining these two sequences, we 

will look at reactions other than direct ionization producing NO and 02 . 

In the atmosphere the reaction of N*, N2*, and 0+ with any gas other 

than N2 or 02 can be neglected. First we will look at the reactions in¬ 

volving N+. The reaction with 02, reactions IIA9a and IIA9b, rapidly 

converts N+ into 02+ and NO*. Next, looking at the reactions involving 

N2\ we see that the reaction with 02, reaction IIA23, converts N2* into 

02+ and will normally be more important than me reaction with 0, reactions 

IIA22a and IIA22b, over the altitude interval of concern in this report. 

Both N+ and N2+ can react with N2 to form N^* and N^+ via reactions 

IIB19 and IIB40a, respectively. Also N3+ is produced from N2+ via reaction 



IIB39. Once produced, both N3+ and N^+ react rapidly with to form 

via reactions IIB44 and IIB45 so that the formation of N,* or N.+ cannot 

alter subsequent reactions significantly. Hence and and their 
reactions are omitted from the AIRCHEM code. " 

Hie reaction of 0+ with 0. via reaction IIA26 is straightforward; 
4. 

but the reaction of 0 with Nj, reactions IIA24 and IIA25, is not. The 

two-body reaction of 0+ with to produce N0+ has received a lot of 

experimental and theoretical attention. The rate of the reaction depends 
on the population of the vibrational states of For the altitude 

region of concern in this report, collisional quenching is sufficiently 
rapid that only the lowest vibrational level is included. The three-body 

reaction of 0* with N2 to produce NO* has received very little attention. 

Let us examine the rate coefficient for the three-body reaction in 
-29 6 more detail. The only measured value is 5.4 x 10 cm /sec at 82°K 

with He as the third body. We would like to know the rate coefficient 
at 300®K with N2 as the third body. We can obtain an approximate value 

by assuming reaction IIA25 is analogous to other three-body, positive- 
ion-neutral association reactions. 

The effect of the third-body on positive-ion-nei-tral association 
reactions is revealed in Table III. We have enough information on the 
four reactions indicated to determine mean values for the ratios of the 
rate coefficients with either Ar, 02, N2, or NO as the third body to the 

rate coefficient with He as the third body. This provides a factor by 
which the rate coefficient obtained with He as the third body needs to 
be multiplied in order to obtain the rate coefficient with N2 as the 

third body. The factor is about 4. This factor should be used to 
convert all rate coefficients for positive-ion-neutral-association 
reactions measured with He as the third body into rate coefficients 
suitable for atmospheric calculations. Similarly the same factor, about 
4, is needed to convert collisional-dissociation rate coefficients measured 
with He as the third body into rate coefficients suitable for atmospheric 
calculations. Likewise the rate coefficients measured with Ar or 0- as 
the third bodies should be multiplied by a factor of 1.5 to obtain ¿ 
atmospheric values. 

2 
The temperature dependence is given in the Reaction Rate Handbook 

♦1 
as (T/300) -2. To go from B2°K to 300°K results in an unacceptably 
broad spread. Examining the reported measurements, we find that 02 



reacting with to form , reaction IIA33a, N reacting with ^ to 

form N3+, reaction IIB19, and N2+ reacting with N2 to form N4 , reaction 

IIB40a, have been measured at both 82°K and 300“K. For reaction IIA33a 

the mean value at 300°K is 2,65 x 10 cm /sec with 0_ as the third 
¿ — 30 6 

body. For He as the third body, the value becomes 1.77 x 10 cm /sec 
using the correction factor of 1.5. Consequently the ratio of rate 
coefficients at 80°K and 300°K is 17.5 for reaction IIA33a. 

Assuming the 280°K value of Bohme et al» is the same as the 300 K 
values of reactions IIB19 and IIB40a, the ratios of rate coefficients 
at 82°K and 300°K are 8.4 and 6.3, respectively. Bohme et aZ.+also 
give the rate coefficients for the reaction Ar+ + Ar + M -+■ Ar2 ♦ M 

with He as the third body. The ratio of rate coefficients at 82°K 
and 300°K is 17.5. The mean value for the ratio for these four reactions 
is 12.4. This suggests that the temperature dependence for positive-ion- 
neutral association is close to (T/300)"2. 

Using these correction factors, the rate coefficient for the three- 
body reaction of 0+ with N2 at 300°K with N2 as the third body is about 

1.6 x 10-29 cm6/sec. Comparisons of reaction frequencies for 0+ reacting 
with N2 to form N0+ in a two-body reaction and in a three-body reaction, 

reactions IIA24 and IIA25, respectively, are given in Table IV for 
altitudes of 20, 40, 60, and 80km. The three-body reaction is seen to be 
more important in the stratosphere and the two-body reaction is more 
inport ant in the mesosphere. Experimental verification is needed. 

The reactions from N+, N2+, and 0 have created NO and 02 . Now 

02+ can be converted into N0+ by reaction with N, reaction IIA28, reaction 

with NO, reaction IIA29, and possibly reaction with N2, reaction IIA31. 

The two-step process of 02+ reacting with N02 to form N02 , reaction 

IIA30, followed by N02+ reacting with NO, reaction IIA21, also converts 

02+ into N0+. 

In analyzing the relative importance of the two sequences, one 

with 02+ as the precursor ion and i ¡ie other with NO as thexprecursor 

ion, an important question is whether the rates of formation of NO from 

02+ are greater than the rates for the formation of 0^ . In the stratosphere 

and mesosphere, they nonnally are not. If N0+ were not formed from the 

ionization of NO by Lyman-a radiation, then the NO sequence would 

definitely be secondary to the 02+ sequence. In the nuclear disturbed 
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atmosphere, the N0+ sequence can become important as well as the 02+ 
sequence. 

The formation of 04+ occurs two ways. The direct formation is by 

the association cf 02+ and 02, reaction IIA33a. The rate coefficient 

for this reaction may need to be multiplied by the factor 1.5 to account 
for N2 being the dominant third body in the atmosphere. On the other 

hand, since the reactants are homonuclear and homonuclear reactions tend 
to be faster than heteronuclear reactions, a correction factor may not 

be necessary. The indirect formation of 04+ occurs through the associa¬ 

tion of 02+ and N2 forming 02+(N2), reaction IIA32a, followed by a 

switching reaction with 0-, reaction IIA37. Considering both the third- 
^ 4* + . 

body effect and the indirect path, the formation of from 02 could 

be about twice that normally employed in atmospheric models.5'6’7 

The continuation of the 02+ sequence depends on the ratio of the 

concentration of atomic oxygen to that of water vapor. If the ratio 

exceeds 5, the sequence is stopped by the reaction of with 0, 

reaction IIA41. If not, the reaction of 0^* with H20, reaction IIA38a, 

continues the sequence. In the upper part of the mesosphere, the con¬ 

centration ratio of 0 to H20 probably exceeds 5.5 

In Figure 1 we show that and 02+(H20) can react with NO and N02 

via reactions IIA35, IIA39, and IIA40. The rate coefficients for these 
charge transfer reactions have not been measured. The concentration of 
H20 should exceed the concentration of either NO or N02 by oruers of 

magnitude. Hence these reactions do not hinder the formation of the 
hydrated protons. 

The main flow of charge is from 02+(H20) to HjO+(OH) to H+(H20)2 

via reactions IIA34b and IIA3, respectively. A lesser flow of charge is 

from 02+(H20) to H30+ via reaction IIA34a and then to H+(H20)2 directly 

via reaction IIAla or indirectly through H30+(N2) to H+(H20)2 via 

reactions IIA2a and HAS, respectively. Similar indirect paths may 
occur between the higher proton hydrates. However, the chemical equilib¬ 
rium ultimately established between the higher proton hydrates would 
probably be affected very little. 

The hydrated protons can also be produced from NO*. The only 
observed reaction connecting the hydrated N0+ with the hydrated 
protons is reaction of N0+(H20)3 with H20, reaction IIA18. Since there 
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is a need for a rapid conversion between NO and the hydrated protons in 

the normal D region reaction of NO (HjO) with HO and/or IK^, reactions 

IIA14 and IIA15, have been proposed.8*9*10 The rapid conversion of 

N0+ to H^0+ also requires the rapid formation of NO (H^O). The direct 

fomation via reaction of N0+ with H_0, reaction IIA11, is too slow; 

however, the indirect formation through NO and NO (CO^) using the 

recent measurements of Heimerl and Vanderhoff^ may be sufficiently 

rapid. The major mcertainty is the collisional breakup of i'O ^). 

The outstanding problems in the positive-ion reactions of the stratosphere 
and mesosphere are the establishment of an additional sink for NO and 
the establishment of an additional source for HjO* and hydrates. Current 
ideas have attempted to solve these problems by creating a fast path 
between N0+ and H2Û+. 

2. ELECTRON REACTIONS 

For many purposes the most important property of ionized air is 
the concentration of free electrons. Free electrons are created by 
several ionizing processes.They are also released by detachment 
from negative ions. They are removed by attachment to neutral species 
to form negative ions and by recombination with positive ions. The 
latter process has neutral products and truly results in the loss of 
free electrons. The former process creates a reservoir of charge in 
the form of negative ions from which the electron can be removed. 

The omission of photodetachment in this report means that one of 
the most important atmospheric processes will not be discussed. This 
is an area of considerable interest at this time as are other detachment 
processes, for example, collisional detachment, for which very little 

experimental data exist. 

Reactions involving an electron are given in Table V. Electrons 
combine readily with positive ions via different ion-electron recombina¬ 
tion processes. Except for highly ionized regions where collisional- 
radiative recombination, reaction VB3, VB4, VB6, VB7, VB10, and VB11, 
can become important, the most important recombination process in the 
ionized stratosphere and mesosphere is dissociative recombination. 
Three-body ion-electron recombination, reaction VB12, can become 
important in the ionized troposphere. 

The rate coefficients for dissociative recombination divide roughly 
into two groups. Those involving positively-charged cluster ions have 

values in the 10-6 cm3/sec range. Those involving diatomic and triatomic 

molecular ions have values in the 10"7 cm3/sec range. Experimental identi 
fication of the products of dissociative recombination has, in general, 

not been made. 
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The primary electron attachment process is three-body attachment to 
molecular oxygen reactions VA20a and VA21a. Only in rare cases will the 
saturated three-body attachment to NO^, reaction VA19, and the dissociative 

attachment to 0^, reaction VA22, be important. After O2” is formed by 

three-body attachment, reactions as discussed in the following section 
form the other negative ions of the ionized stratosphere and mesosphere. 

Associative detachment of the electron from O" by CO, Hj, N, NO, 0, 

and 02(^) is quite rapid. Likewise associative detachment of the 

electron from O2" by N and 0 is quite rapid. Consequently, whenever 

the concentrations of these 've neutral species are large, associative 
detachment will be importan.. 

Collisional detachment jen measured only from O2”, reactions 

VA20b, VA21b, and VA31. Except for the last listed reaction, collisional 
detachment can be neglected in the normal stratosphere and mesosphere. .- 
For the nuclear disturbed case, collisional detachment may be important. 

3. NEGATIVE-ION REACTIONS 

As mentioned in the preceding section, negative-ion reactions are 
initiated primarily by the three-body attachment of electrons to molecular 

oxygen forming O2”. °nly under special conditions will the attachment to 

Oj forming 0“ and to N02 forming N02" be important. Once 02~ is formed 

reactions create the negative ions as illustrated in Figures 2, 3, and 4. 

Figure 2 gives a schematic representation of the reactions which 
do not involve negatively charged cluster ions. Figure 3 shows the 
reactions which do involve the negatively charged cluster ions included 
in the AIRCHEM code. A solid line indicates that the rate coefficient 
for the reaction connecting two negative ions has been measured, although 
the product ion may not be unique. A dashed line indicates that the rate 
coefficient has been estimated. Figure 4 shows the reactions involving 
negatively charged cluster ions not yet included in the AIRCHEM code 
whose rate coefficients or equilibrium coefficients have been measured 
as well as those in Figures 2 and 3. 

In these figures, the negative ion NO^- has been treated as an 

uiclustered negative ion whereas its peroxy form, OONO”, has been treated 

as a cluster ion. (In this report NO^ is also used to denote OONO .) 

Different forms with the sane mass for other negative ions exist. These 
are not differentiated in this report. The existence of different forms 
with the same mass will make the understanding of negative-ion chemistry 
of the ionized stratosphere and mesosphere challenging. 
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of îaborator“<1iSf:re.ïïon“SO!P'‘ere "ÍU be f0r,,,ed prlmaril>’ the b“is 

pic altitude at v*ich the cluster-ion-chemistry becomes important 
is primarily determined by the altitude at which the rate for reacting 

with 02 to form 04", reaction VIA25a, exceeds the rate for reacting 

with 03 to form 03 , reaction VIA26. The rates are equal in the ricinity 

hí ^hiS altitude* the short-term chemistry is dominated 

îs ^SÄTüusrei'i»8:!0" thiS altitude’ the neBaU— 

or stl^i"^10:/0 need ír0m the laborat°ry? First, the form 
or state of the negative ions needs to be determined for the reactions 

ÂaLrîCtantp 30(1 aS Pr0dUCtS- Second* the processes a^at« 
d£t£Ïm^Lf0rÎK°fja n!ga!ive lon chan8es into another form need to be* 

d* • Iïl^d, influence of Photons through photodetachment and 
Fourth^SthaÍfnf?" detemined as a function of wavelength. 
detaSroit te™Peraiures possibly causing collisiona 
ra ea1rf i^Í H1810"*1 dlssociatlon needs ^ be determined. Fifth, 
rate coefficients for reactions of multiple hydrated negative ions with 
minor neutral species need to be measured. Sixth, rat£ £oiïfici££ts f£r 

Kth6 ZITITIT, recombinatÍon We inFra) need to be measured. 
SJ« b. dïîÂ" t'mP<,ratUre dep“dences aC the ">« coefficients 
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4. ION-ION RF,ACTIONS 

Table VII lists rate coefficients for ion-ion recombination. The 
theoretical investigations of Huestis1^ seem to indicate that most 
rate coefficients for two-body ion-ion recombination will be 

-7 3 2 X 10 cm /sec within a factor of 2. Except for those few reactions 
whose rate coefficients have been measured, this value has been assumed. 

In the AIRCHEM code there are 21 positive ions and 14 negative ions. 
To include all possible two-body ion-ion recombination reactions would 
require that 294 reactions be included. Most of these would never be 
important. We have taken the approach that only the five hydrated 

protons, N0+, and will ever react with a negative ion faster than 

with a neutral species. We let these 7 positive ions react with each 
of the 14 negative ions so that we list 98 ion-ion reactions. We give 
wily one set of neutral products, although more than one are generally 
possible. The set picked may not be the most likely set. Neutral 
chemistry will probably dominate the formation of neutrals so that an 
exact description of the products of ion-ion recombination may not be 
necessary. Work is needed to verify this. 

What is almost certainly true is that ion-ion recombination 
involving a hydrated proton will yield at least one odd hydrogen 
molecule. The molecule may be H, HO, HO^, or HNO^. Thus ion-ion 

recombiration or ion-electron recombination along with the release of 
HO due to positive ion reactions, reactions IIA34a or IIA3, means that 
up to two odd hydrogen molecules will be formed per each ion pair pro¬ 
duced by ionization.^6 

In the lower stratosphere, three-body ion-ion recombination may be 
more inportant than two-body recombination. Since there are no mea¬ 
surements for atmospheric ions and the theoretical values are little 
more than estimates, we see no compelling reason to include three-body 
ion-ion recombination at this time in the AIRCHEM code. 

5. NEUTRAL REACTIONS 

The Climatic Impact Assessment Program (CIAP) of the Department of 
Transportation has given considerable impetus to the measurement and 
review of neutral reactions involving atmospheric constituents. The 
National Bureau of Standards (NBS) has published several critical 
evaluations of neutral reactions as part of their involvement in CIAP. 
Prior to and coincident with the NBS work, the group headed by 
D. L. Baulch at the University, Leeds, England published a serios of 
critical evaluations of high temperature reaction rate data. Other 
critical reviews have recently been made, notably those by 
V. N. Kondratiev, K. Schofield, and W. E. Wilson, Jr. The values given 



in these reviews, in the DNA Reaction Rate Handbook^ and recent mea¬ 
surements are given in Table VIII. 

Hie neutral reactions included in the AIRC1IEM code are those which 
may affect the chemistry of charged particles shortly after the strato¬ 
sphere or mesosphere has been ionized. Consequently, reactions involving 
hydrocarbons and those with long time constants have been omitted. 

TTie neutral chemistry can conveniently be divided into three classes 
viz., (1) odd hydrogen chemistry, (2) odd nitrogen chemistry, and (3) odd 
oxygen chemistry. Odd hydrogen species are H, HO, H02, HN02, and HNO . 

Odd nitrogen species are N(2Ü), N, NO, N02, HN02, and IINOj. Odd oxygen 

species are Of1!)), 0, and 0^. Within each class the chemistry can be 

divided into three types, viz., (1) reactions which create the odd 
species, (2) reactions which destroy the odd species, and (3) reactions 
which rearrange the odd species. 

In general the formation of the odd species can be traced back to 
the photodissociation of H20 for odd hydrogen and 02 for odd oxygen. The 

formation of odd nitrogen can be traced back to reactions of energetic 
species with N2, N20, or 02. 

Neutral reactions, other than photodissociation, creating odd 
hydrogen are : 

0(^) + H2 -*■ H + HO (VIII A 3) 

O^D) + H20 -*• HO + HO (VIII A 4) 

H202 + 0 -► HO + H02 . (VIII A 45) 

Reaction (A 44) in Table VIII has been found to be too slow to be 
important. 

As mentioned previously, charged particle reactions produce odd 
hydrogen. In the stratosphere where cosmic ray ionization occurs 
during the night as well as during the day, these reactions are a 
continuing small source of odd hydrogen. The reactions have been 
shown to be important in the mesosphereduring the time of increased 
particle flux. They can be important in nuclear disturbed regions,, 
Tbe reactions are: 

H30+(H0) + h2o -► h+(h2o)2 + HO 

no+(h2o)3 + h2o-- h+(h2o)3 + hno2 

o2+(h2o) + h2o -► h3o* ♦ HO + o2 

H+(H20)n + e -*• H + nH20 

H+(H20)n + X" -*■ H + nH20 + X . 
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(II A 3) 

(II A 18) 

(II A 34 a) 

(V A 1-7) 

(VII A 1-60) 



A schematic representation of the odd hydrogen chemistry is shown 
in Figure 5. The interconnection of two species by reactions is shown 
by the solid lines with the arrowhead pointing to a product and the 
tail coming from a reactant. The destruction of odd hydrogen is pri¬ 
marily the return to HJ). A lesser amount goes to H- and H-CL. Some 

¿B 2» ¿a 

is lost through aerosol formation and HNOj precipitation. The reactions 

destroying odd hydrogen are: 

H + + M (VIII A 

H + HO - H2 + 0 (VIII A 

H + HO + M -*■ H20 + M (VIII A 

H + K02 ^ H2 + °2 (VI11 A 

H + H0? H20 + 0 (VIII A 

HN02 + HO H20 + Nû2 (VIII A 

HN03 + HO H20 + N02 * 0 (or NO^) (VIII A 

HO + HO -► H20 + 0 (VIII A 

HO + HO ♦ M ->■ H202 + M (VIII A 

HO + H02 -► H20 ♦ 02 (VIII A 

H02 + H02 ^ H2°2 * °2 (VIII A 

Several reactions convert one odd hydrogen species into another. 
These are: 

CO + HO -► C02 ♦ H (VIII A 

H + H02 -*• HO + HO (VIII A 

H + H202 -► HO + H20 (VIII A 

H + H202 -*• H02 + H2 (VIII A 

H + N02 HO + NO (VIII A 

H + N20 -*• HO + N2 (VIII A 

H + 0 + M->-H0 + M (VIII A 

H + 02 + M -► H02 ♦ M (VIII A 

18) 

19) 

20) 

21b) 

21c) 

28) 

29) 

30) 

31) 

32) 

40) 

16) 

21a) 

22a) 

22b) 

23) 

24) 

25) 

26) 
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H ♦ 03 > HO ♦ 02 

HO ♦ M2 -*■ H + H20 

HO + H202 -> H02 + H20 

HO + N ->• H + NO 

HO + N02 + M -► HN03 + M 

HO + O Í H + 02 

HO + 0 + M -»• H0o + M 
im 

HO ♦ 03 - H02 ♦ 02 

H02 + NO -*■ HO + N02 

H02 + 0 -*• HO + 02 

H02 + 03 HO + 202 . 

(VIII A 27 

(VIII A 33) 

(VIII A 34) 

(VIII A 35) 

(VIII A 36) 

(VIII A 37) 

(VIII A 38) 

(VIII A 39) 

(VIII A 41) 

(VIII A 42) 

(VIII A 43) 

Taken by themselves, reactions VIII A 39 and VIII A 42 form a pair 
in which HO acts like a catalyst. The net effect is 0 + 03 -► 202> Thus 
the odd hydrogen chemistry is closely coupled to the odd oxygen^chemistry. 

Odd nitrogen species are created by energetic particles. Reactions, 
other than ionization, dissociation, and excitation, creating odd nitrogen 
are: 

O^D) + N20 NO ♦ NO (VIII A 6) 

N2+ + 0 -*■ NO+ + N(2D) (II A 22a) 

N2+ + 0 -*■ N0+ + N (II A 22b) 

0+ + N2 -► NO* + N (II A 24) 

0* + N2 + M NO* + N + M (II A 25) 

02* + N2 •+ NO* + NO . (II A 31) 

A schematic representation of the odd nitrogen chemistry is shown 
in Figure 6. The destruction of odd nitrogen is through the return to 
N2 and N20 and through the continuation of reactions via HN03 into 

aerosol formation and precipitation. The latter processes take a greater 
amount of time and are beyond the scope of this report. The reactions 
destroying odd nitrogen are: 
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's 1 

N + N + M-*-N2 + M 

N + NO -*• N2 + 0 

N + NO -*■ O^D) + N2 

N + N02 -*■ N20 + 0 

(VIII A 46) 

(VIII A 47a) 

(VIII A 47b) 

(VIII A 43b) 

Note that all four reactions require atomic nitrogen whose concentration 
is very small in the normal stratosphere and mesosphere. 

Several reactions convert one odd nitrogen species into another. 
These are: 

N(2D) 02 -► NO + 0 (VIII 

H ♦ N02 -*■ HO + NO (VIII 

HN02 ♦ HO H20 + N02 (VIII 

HN03 ♦ HO -*■ H20 + N02 4 0(or NOj) (VIII 

HO + N -► H + NO (VIII 

HO + N02 + M -+■ HNO, ♦ M (VIII 

H02 4 NO -4 HO 4 «O, (VIII 

N 4 N02 s NO 4 NO (VIII 

N 4 0 4 M -4 NO 4 M (VIII 

N 4 02 -► NO 4 0 (VIII 

N 4 03 -4 NO 4 02 (VIII 

NO 4 NO 4 02 -4 N02 4 N02 (VIII 

NO 4 0 -4 N02 4 hv (VIII 

NO 4 0 ♦ M 4 N02 4 H (VIII 

NO 4 03 -4 N02 4 02 (VIII 

N02 4 0 -4 NO 4 02 . (VIII 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Taken by themselves, reactions VIII A 55 and VIII A 56 form a pair 
in which NO acts like a catalyst. The net effect is 0 4 o. -► 20,. Thus 

odd nitrogen chemistry, like odd hydrogen chemistry, is closely coupled 
to the odd oxygen chemistry. 

1) 

23) 

28) 

29) 

35) 

36) 

41) 

48a) 

49) 

50) 

51) 

52) 

53) 

54) 

55) 

56) 
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The primary source of atomic oxygen is the photodissociation of 
0., or Oj. The primary source of is the reaction of atomic oxygen 

with molecular oxygen via reaction VIII A 58. Reactions which create 
odd oxygen are: 

N(2D) + o2 -*• NO + 0 

H HO -*■ H2 + 0 

H + H02 -*■ H20 + 0 

HO + HO -*■ H20 + 0 

N + NO N2 ♦ 0 

N + NO -* 0(^) + N2 

N + N02 -► N20 + 0 

N ♦ 02 -*• NO + 0 . 

(VIII A 1) 

(VIII A 19) 

(VIII A 21c) 

(VIII A 30) 

(VIII A 47a) 

(VIII A 47b) 

(VIII A 48b) 

(VIII A 50) 

A schematic representation of the chemistry, other than photon 
processes, affecting odd oxygen is shown in Figure 7. The odd oxygen 
species are shown in block I. Since HO and NO have so great an effect 
on the odd oxygen species by acting as catalysts, they are shown in 
block II. The species outside blocks I and II are sources or sinks for 
odd oxygen and for HO and NO. Interconnecting reactions between the 
odd oxygen species, HO, and NO and reactions which contribute to the 
creation or destruction of these species are shown. The arrowhead points 
to a product species; the tail comes from a reactant species. One of 
the goals of CIAP is to determine the reictions and their rate coefficients 
for reactions affecting the 0_ concentration. CIAP considers several 
more reactions than shown here. 

The reactions destroying odd oxygen are: 

0(^) + H2 -*• H ♦ HO (VIII A 3) 

0(^) ♦ H20 -► HO + HO (VIII A 4) 

0(^) ♦ N2 ♦ M -*■ N20 ♦ M (VIII A 5) 

0(^) ♦ N20 •> NO + NO (VIII A 6) 

0(^) + 03 -> 02 + 02 (VIII A 8) 



H + O + M + HO + M 

H + 03 -*■ HO ♦ 02 

HO ♦ 0 H + 

HO ♦ 0 + M -► H02 + M 

HO + 03 -*• H02 + 02 

H02 ♦ 0 -*■ HO + 02 

H02 + 03 -► HO + 202 

h2o2 + 0 -► HO + ho2 

N + 0 + M-*-N0 + M 

N + 03 -*■ NO + 02 

NO + 0 ->• N02 ♦ hv 

NO + 0 ♦ M -*• N02 ♦ M 

NO ♦ 0, 
N02 + °2 

N02 + 0 NO + 02 

o*o + m-»-o2 + m 

0 ♦ 03 > 02(^) ♦ 02 

0 + °3 - °2 + °2 • 

(VIII A 25) 

(VIII A 27) 

(VIII A 37a) 

(VIII A 38) 

(VIII A 39) 

(VIII A 42) 

(VIII A 43) 

(VIII A 45) 

(VIII A 49) 

(VIII A 51) 

(VIII A 53) 

(VIII A 54) 

(VIII A 55) 

(VIII A 56) 

(VIII A 57) 

(VIII A 59a) 

(VIII A 59b) 

The rate for reaction VIII A 59 in the stratosphere is normally less 
than for the catalytic reaction involving NO and probably for the ones 
involving HO. 

Reactions which convert one odd oxygen species into another are: 

O^D) ♦ 02 -► O^Z) + 0 (VIII A 7) 

O^D) ♦ M -*• 0 ♦ M (VIII A 9) 

0,(1^) +0. + 0+20,, 

o + o2 + m + o3 + m 

(VIII A 14) 

(VIII A 58) 

Reactions affecting HO and NO involving odd oxygen species have 
already been identified. Other reactions affecting HO and NO and shown 
on Figure 7 are: 
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'V 

CO + HO -► C02 + H 

H + HO ♦ M > H20 ♦ M 

H + H02 -► HO HO 

H + H202 -*■ HO + H20 

H ♦ N02 HO ♦ NO 

H ♦ N20 -► HO + N2 

hno2 ♦ HO -*• h2o + no2 

HO + HO + M H202 + M 

HO ♦ H02 -*• H20 ♦ 02 

HO ♦ H2 -*• H + H20 

HO ♦ H202 -»• H02 + H20 

HO ♦ N ->■ H + NO 

HO + N02 + M + HN03 + M 

H02 ♦ NO -► HO ♦ N02 

N + N02 -> NO + NO 

NO ♦ NO + 02 -*■ N02 + N02 . 

(VIII A 16) 

(VIII A 20) 

(VIII A 21a) 

(VIII A 22a) 

(VIII A 23) 

(VIII A 24) 

(VIII A 28) 

(VIII A 31) 

(VIII A 32) 

(VIIT. A 33) 

(VIII A 34) 

(VIII A 35) 

(VIII A 36) 

(VIII A 41) 

(VIII A 48a) 

(VIII A 52) 

The reactions and their rate coefficients affecting the short-time 
neutral chemistry are fairly well established. The effects of photons 

on the neutral and negative-ion chemistry are incertain. The neutral 

chemistry in the atmosphere is influenced by transport processes and 

reactions having long time constants. Since the AIRCHEM code is con¬ 

cerned with the short-time response of the atmosphere to ionizing 

radiation, transport processes and reactions having long time constancs 

can be neglected without compromising the worth of the code. Good 

quantitative calculations cannot te made yet. In addition to the rate- 

coefficient requirements listed in this report, good models of the 

initial atmospheric minor constituents and of radiations from nuclear 

bursts must be obtained before truly quantitative calculations can be 

made of the response of the stratosphere and mesosphere to ionizing 

radiation. 
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Figure 1. Schematic representation of the formation of positive Ions 1n the 
stratosphere and mesosphere. 
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TABLE I 

Order of Ranking for Species 

1. h3o+ 

2. HjO+(HO) 

3. H30+(N2) 

4. H+(H20)2 

5. H+(H20)3 

6. H+(H20)4 

7. H+(H20)5 

8. N+ 

9. N0+ 

10. N0+(C02) 

11. N0+(H20) 

12. N0+(H20)2 

13. N0+(H20)3 

14. N0+(N2) 

15. N02+ 

16. N2+ 

17. 0+ 

18. 02+ 

19. 02+ (^0) 

20. 02+(N2) 

21. 04+ 
22. e 

23. C03" 

24. C03 (HjO) 

25. C04‘ 

26. C04"(H20) 

27. N02" 

28. NO^C^O) 

29. NO“ 

30. N03‘(H20) 

31. 0" 

32. 02- 

33. 02"(H20) 

34. 03- 

35. 04" 

36. NOj"* 

37. N(2D) 

38. 0(^) 

39. 02(^) 

40. O^1!) 

41. CO 

42. C02 

43. H 

44. HN02 

45. HN03 

46. HO 
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47. H02 

48. H2 

49. H20 

50. H202 

51. N 

52. NO 

53. N02 

54. N2 

55. N20 

56. 0 

57. 02 

58. 03 

59. M 
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TABIr III 

Third-Body Effect on Positive-Ion-Neutral Association 

Reaction IT. 
Number 17 

kx/^He 
W 

* 

References 

IIA11 3.4(-29] 2.65 2.65 4.12 
2.29 4.71 

4.71 

Howard et al*, 1971 
Fehsenfeld et al., 1971a 
Puckett 6 Teague, 1971 

IIA16a 3.0(-28] 3.33 2.67 4.00 
2.67 3.33 

3.67 

Howard et al.,1971 
Fehsenfeld et al,1971a 
Puckett 6 Teague,1971 

IIA17a 3.65(-28] 3.29 
4.11 

2.47 3.84 
5.48 

5.21 

Howard et al,1911 
Fehsenfeld et aZ.,1971a 
Puckett 6 Teague, 1971 

IIA27 8.85(-29] 2.15 
2.26 3.16 

Howard et aZ.,1972 
Fehsenfeld et aZ.,1971b 

Mean Values 2.94 2.49 4.09 4.53 

See referenoee for Table II. 

56 



T
A
B
L
E
 
I
V
 



!■ 

'f- 

li 

f 
l 

f 

S 
â 

î 

§ 
•H 

> 2 
a § 
3 " 

u 

ï s 

I 

g 
.5 

«/> 

§ 

h 

X 

I 
I 

: 
. a 

K 

BBW 

s 
•O 

< 
N 

8 
+i 

8 
«*4 
O 
M 
•H 

g 
B 

S 

Ä S 

I 

1 -8 
♦J V» 

! ! 
o i/> 
S 5 

s a § 
Ä ^ K) 

X M 
I O) X 
>*■4 0» 

S ? ï s 
* s ? ï 
111 1 

I Ok 
> *-« 

3 ? 

1 S 

m k> 
»■4 X 
t Ok 
> ^ 

3 ? S - 
U i J 

r? 
? 

?? 
M 

>0 »O XK» 
i-» X »H X 

I O» I Ok 
> •* > ^ 

3 ? S? 
Cft «* 5 4J 
*H V —i 4« 

^ Il 

O O ♦ I 

>o >o * 
I I I I I 

O 
« •? f 

<r K) * X^OkOO M« m(M 

odd dddd ^ d 
♦I ♦! ♦! 41414141 41 41 414» 

00 O <M O CM O o» O 

CM CM CM in^d’kf X O 

•O ^ CM 

4 

X if ; 

t ♦ 

o t> 

5 £ o 
w w _JM 

» •: 
t- 

!• 
4 

X 

t- 

o 
d 

f 
4 

X 

♦ 

o 
4 

i/) 
/“> o 

58 

0
*

1
 
Ï
»
 
l9

-]0
'T
 
P
»
*
a
 



r 

•H 

I î i S s s 
IM 

r s £ I 
s 

I I J 

O 
£ 

t 

•—• •—• •— *—* h. fsi r>» 
>o 
d 

i 
IN *—• h* 

KJ IM O Ift OJ ^ IM Ift lO KJ 

d d ♦• d ^ 
♦ I ♦ I 

••« *> IA 

?0 O ^ 
I ♦_• <M ^ 

^ K> IA * 
IA 

IA 

O O 

m* m+ 
I I 

O O d d 
O 
♦ 

O ^ O 
♦ fM 

S 

à é 

% 
ï 

? ? 7 

I I I 
****** 
M M M 
w ua M 

s 
IA 
IM 
IM 

w • 

§ 1 

2 S 
> > > *m M M 

S S S 
Ot 9» cr> 

5 3 5 
1 s 

I 2 2 

IM 

d ♦ï 
IM 

S 
KJ 
"S. 
H 

1 § i 
t È t 
7 ? ? 

«■■i ^ ta« h1» •—* 

O O IM O 

♦I O d ♦» 

Ä to 
im 

IM IM 

1^ 
IM 

O 
d 

Õ 
d 

s s 8 8 
♦ 

Q> 

♦ 
C> 

X 

♦ 
O 
♦ 

8M 2^ if sT 8 s 
♦ f ♦ ♦ 

• • • 
♦ ♦ • 

* NM* 

Í ï ^ ï s* / 
*8 *8 *8 "a *s a” 

Ol O 

59 

1 
- - ■>■- 



r 

K 

i 

£ 
m- 

8 
h IM Q 

f Z * 

X X 
UK** 
§ g § 5 S 
K) tO K) 00 UJ 1 I 

$ *-• 
S £; 

♦J o 
o> 

a» 

• T3 »/) 
5 1 s 
g a ~ 

s 2 

ä ä g 2 i» •* 
M ft 

SO U5 H 

w? h O 
u i 2 

S 
S 

i 1 .- I i I 

ä 
» M 
•-• it 

i I 

S s 
o 
i 

i 
§ 
t 
r—i 
vO 

<N 

d 
cm m 

do—* 
b 
o* o *— kO 

IA 
d 

1/) O rO «—• taarf O sO O O 
<N — (N — (N (M — pH 

8 — 
« 
> SO 

4> 

3 
vO 

i/» 

o 
I 
o 

d^ 
o 

«“4 
W 

O 

♦ 
O «N 
xN 8 

Z 
♦ 

cT 

« 
♦ 

o 
*" 

z 
♦ 

♦ ♦ 
o" d* 

o 
♦ 
it 

60 

ft- 
1, 

g »o 

» • • 
§ g g 
'©'Of'* i i M *c u m •.•••••••• 
S sgggsggs 
K> — to »o n — to to »/> 

I £ 
* £ - 

W) O t 
X 

o. 
g 

« « o 
♦» £ +» 
0» _ c 
X - a 

s *8 g 
s 
3! 

O. > 

2 ¿ 
O (M • Ò5 

S « 2 
So* — ox 
III 

<u 
ë 

o 
« 
a. 

¡ i s s 

8 I 
to m 

w m 

s-o- 
it i 

U g 
i§ 

m — 
—* • • 
— o o 

H 
w 

M 
h* —* —* P— & o O Q 
—* to to to 
O) I t • 
ÍM I— t_ I_p 

" s 
to I o o *n to 

i 

d d 
a % 

•— tO IN tN 

— d d 
O ♦! ♦! ♦» 
♦I 
*» *© — m 
— m n — 

m m 
d d 
♦i 
o ao 
d in 

oN 

O 
♦ 

o 
♦ 

g 
M 

(0 — 
«M 

/ 
/ 

mnt ¿km 



(9 
> AB 

4» 

•8 
U 

I K * tat I « • • • • • • 
^ ^ ^ S g g 

I/» C4 fN* CM 

i * 

w» 

* i i i 
S 

* i 
£ 
S 

• t> 

£ £ 

S a. 

»H *H *-« « 
X « KM 

n *2 ^ *o 
«KM 

« £ 

5 S 
0» 
£ 

I» 
*■» 
(/i 

• o> s - 
S M 
-• c 

4« 

$ S 

s . 
g ° 5 - 

8 'S S 

^ 2 i £ 2 1 

« 

«! 

•I M «rf M 

• *0 

ä ï 
O N 

* 2 
3 g 

3 
S 

S* I 
S ■* 2 g 

2 I i « 
a u. I I 

H 

a 

s- 
« 

m 

o 

o o o 

H H ^ 
ww O M «O O O t/> 

K> M ^ O MM 
. (M »N *h 

O < I I I • 

♦n « 

M « <¿ 

O 

K O M O 

♦I ♦! ♦» 

m o M 
M M M 

O 

♦I 

o o 
m4 ** 

H ^ I 

O « M 

M M 

S 
iT> 
Wi 

lA 

O 

O 

oî 
U» 

M 

O 
•—» 
I 

Õ 

O 

♦ 

o 
♦ 
« 

M M 

° 8 S" o 
♦ 

• T* 

3 • 
3 g 

I 
O O 

♦I 

O 
- « 

2. I 

O 

K> 

O 

♦ 
«» 

o 
♦ 

8 
♦ ♦ 

O 

X 

♦ 
s 
♦ 

o 
♦ 

o 
♦ 

» 

I 

$ g! 

K «I K « K t> 

• *o 

3 S 
S 1 

2 i 
O Ut 

IA O 

»4 I 

O 

*î 

S 
♦ 

X 

♦ 
o 
♦ 

o 
♦ 

61 

i 
■MB Û^-L a 

3.
0(
-1
0]
 

(3
 
t 

1.
5)
(-
10
] 

D
K
A
 
19
48
H,
 
X
I
I
-
1
0
 

3 
(-

10
] 

F
e
h
s
e
n
f
e
l
d
 
et
 
al

.,
 
19
69
b 



1 

i 



r 



REFERENCES 
FOR 

TABLE V 

DNA 194SH Defense Nuclear Agency, Reaction Rate Handbook. 2nd Edition, 
Published by DASIAC, DOD Nuclear Information and Analysis Center, General 

ni!CSîiC’ ÏEMP0» Santa Barbara. California, March 1972 (numbers following 
DNA 1948H refer to reaction number in Table 24-1). * 

Fehsenfeld, F. C., A. L. Schmeltekopf, H. I. Schiff, and E. E. Ferguson, 
Laboratory Measurements of Negative Ion Reactions of Atmospheric Interest," 

Planet. Space Sai. IS, 373 (1967). ’ 

Fehsenfeld, F. C., D. L. Albritton, J. A. Burt, and H. I. Schiff, "Associa- 

1793"(Í969¡0ent ReaCtÍOnS °f ° and 02_ ^ Canadian J' 

Fehsenfeid, F. C., E. E. Ferguson, and D. K. Bohme, "Additional Flowing 
Afterglow Measurements of Negative Ion Reactions of D-Region Interest," 
Planet. Spaoe Soi. 17, 1759 (1969b). 

Ferguson, E. E., F. C. Fehsenfeld, and A. L. Schmeltekopf, "Ion-Molecule 
Reaction Rates Measured in a Discharge Afterglow," Adv. in Chem. Series 
oO» 83 (1969)e 

Gunton, R. C^ and T. M. Shaw, "Electron-Ion Recombination in Nitric 
Oxide in the Temperature Range 196 to 3S8#K," Phya. Rev. 140, A756 (1965). 

Hirsh, M. N., P. N. Eisner, and J. A. Slevin, "Ionization and Attachment 

C? by ‘•5-MeV 

i^sner, W. H., and M. A. Biondi, "Electron-Ion Recombination in Nitrogen," 
I%0. Rev. 137, A317 (1965). * 

Kasner, W. H., "Study of the Temperature Dependence of Electron-Ion Re¬ 
combination in Nitrogen," Phya. Rev. 164, 194 (1967). 

Ka|ner, W. H., and M. A. Biondi, "Temperature Dependence of the Electron- 
02 -Ion Recombination Coefficient," Phya. Rev. 174, 139 (1968). 

Leu, M. T., M. A. Biondi, and R. Johnsen, "Measurements of the Recombina¬ 
tion of Electrons With HjO • (HjO^-Series Ions," Phya. Rev. A 7, 292 (1973). 

Lindinger, W., "Reaction Rate Constants in Steady-State Hollow-Cathode 
Discharges: Ar ♦ H20 Reactions," Phya. Rev. A 7, 328 (1973). 



Mahan» B. H.»and I. C. Walker» "Rate of Attachaent of Gaseous Electrons 
to Nitrogen Dioxide," J. Chem. Phye. 47, 3780 (1967). 

Mahdavi, M. R., J. B. Hasted, and M. M. Nakshbandi, "Electron-Ion Re¬ 
combination Measurements in the Flowing Afterglow," J. Phye. B: Atom. 
Moleo. Phye. 4, 1726 (1971). 

Mehr, F. J., and M^ A. Biondi, "Electron Temperature Dependence of Re¬ 
combination of 02 and N, Ions With Electrons," Phye. Rev. 181, 264 

Mentzoni, M. H,, "Electron Removal During the Early Oxygen Afterglow." 
J. Appl. Phye. 36, 57 (1965). 

Mentzoni, M. H., and J. Donohoe, "Electron Decay Following d-c Discharge 
Ionization in NO and NO-Ne Mixtures," Cañad. J. Phye. 45, 1565 (1967). 

Moruzzi, J. 1., J. W. Ekin, Jr., and A. V. Phelps, "Electron Production 
by Associative Detachment of 0" Ions With NO, CO, and H •' J. Chem. Phye. 
48. 3070 riOâSI. 2 ^ 

Pack, J. and A. V. Phelps, "Electron Attachment and Detachment. I. 
Pure 02 at Low Energy," J. Chem. Phye. 44, 1870 (1966a). 

Pack, J. L., and A. V. Phelps, "Electron Attachment and Detachment. II. 
Mixtures of 02 and C02 and of 02 and HjO," J. Chem. Phye. 45, 4316 (1966b). 

Parkes, D. A., "Oxygen Negative Ion Reactions With Carbon Dioxide and 
Carbon Monoxide, Part I," J, Chem. Soo. Faraday Trane. I 68, 627 (1972a). 

Parkes, D. A., "Reactions of the 0 Negative Ion With Hydrogen and the 
Lower Hydrocarbons," J. Chem. Soo. Faraday Trane. I 68, 613 (1972b). 

Phelps, A. and J. L. Pack, "Collisional Detachment in Molecular Oxygen," 
Phye. Rev. Lettere 6, 111 (1961). 

Puckett, L. J., M. D. Kregel, and M, W. Teague, '•New Technique for the 
Measurement of Electron Attachment in Afterglows," Phye. Rev. A 4, 1659 
119711• 

Spence, D, and G. J. Schulz, "Ihree-body Attachment in 0, Using Electron 
Beams," ifye. Rev. A 5, 724 (1972). 2 

Stelman, D., J. L. Moruzzi, and A. V. Phelps, "Low Energy Electron Attach¬ 
ment to Ozone Using Swarm Techniques," J. Chem. Phye. 56, 4183 (1972). 

Truby, F. K., "Low-Temperature Measurements of the Three-Body Electron- 
Attachment Coefficient in 02," Phye. Rev. A 6, 671 (1972). 

65 



foî çíní*í V‘ J,* * J‘ Perez» D* L* Trueblood, and M. E. Wyatt "Techniques £ Mi“ tarin‘ ,0nUati0n «‘«.lows," Reo. Sei. ï„îr 
Weller, C, S.,and M. A. Blondi, "Recombination, Attachment, and 
Ambipolar Diffusion of Electrons in Photo-Ionized NO Afterglows " 
Phya. Rev. 172, 198 (1968). 

Wyatt, M. E.,and R. Denson, "Attachment and Recombination Processes 
in Atmospheric Gases," AFWL-TR-67-105, February 1968. 

Young, R. A., and G. St. John, "Recombination Coefficient of NO* With 
e," Phya. Rev. 152, 25 (1966). 

Zipf, E. C., "The Dissociative Recombination of 0,* Ions into Specifically 
Identified Final Atomic States," Bull. Am. Phya. Soo. 15, 418 (1970). 

66 



TA
BL

E 
V

I 

«*
d 

T
hr

ee
-B

od
y 

N
e
g
.t

iv
e
-I

o
o
 R

ea
ct

io
n

s 
O

th
er
 T

ha
n 

E
le

c
tr

o
n
 A

tt
a
c
h

-e
n

t.
 

E
le

c
tr

o
n
 D

et
ac

h
n

en
t,
 

P
h
o
to

d
is

so
c
ia

ti
o
n
. 

an
d 

g 
•H 

s •H 

? s 

g 

5 

£ 

r 

N 

M 

i 

> m 

î ; 
* i 

I 

ë I % 

§ § § 
2 o4 a 
• • « 
* * * 

K> 

o\ 
•o 
•V 
Ok 

Ok 

* 
Ok 

O r- 
Ok 

2 & 
I <1 

s « 

& s 
S $ S 

M 
I « 

•o 
O s ? 

ë g 
5 c 
? I 

1 ! i 
Urn 

• 

S I 
11 
- I 

a s 
« « 
a s 

K> r. 
Ok 

i ! % a 

*o • "o 
ä Î 5 5 

ä s 
il il 

ï î I ; ; 
J i ; i ä 
i s i i ! 

S Ch — fM PH ^ *o *■<•■* ** — 
t s 

i ♦< I 
r ^ ° ° ° o « 
J • «0 

MM o o *“« 
hie 1 ' 1 
• • i/k i/i 

« O Ok Ok 
ÍN «N «M 
hi ♦* ^ 
•O K) nr 

• • • <• 
l 

o 

I 

I I 
Õ ST 

** Ok 
N pa* 

« I I 
o m 

M 

8N s 
—T* mT^ 

5. 8 8 
5 • • 
o’ o* 8 S 

8 
« 

* * n 5? S' ö P. O 

oN 8 a 
♦ ♦ ♦ 

af ¿V 
QN q* rT 8 8 S 

o 
♦ 

mn s? s? 
! 

8 
t ♦ 

ow i 8 
t t 

J* 8 
♦ ♦ 

8 
♦ 

O 
♦ 

8 8 
á4 ♦ “ 

• _ I • 

O 
♦ 

o 
*4 

s 
° °n. ♦ a ♦ 

8 8 8 8 8 8 
( • I <0 w 
8 8 8 

I 

67 

i 
- 



• 
• 

• 

r 



C
o
d
e
 
V
a
l
u
e
s
 



- 
,
 

• 
. 

1 



R
ea

ct
io

n
s 

G
a
it

te
d
 
fr

o
a
 A

IR
C

II
tN

 

1 



I 

¢. 

I 

ï 

»H 
« 

•H 

< 
6 

< 

5 

g 
I 

S 

! § 

S'" 

> 

'S 
O M 

-1 o 

s & 
Si , 

s 

M 
o. 

I 

¿ Î 

c? t 

? s 
1 " 
o 5 

• I 

ac 
4 

M 

4 

-f 4 

X 
4 

*© o 

a a « 

A. 

1 



r ; _ ■■ 

L ^ V . 1 



REFERENCES 
FOR 

TABLE VI 

Adams, N. G., D. K. Bohme, D. B. Dunkln, F. C. Fehsenfeld, and 
E. E. Ferguson, "Flowing Afterglow Studies of Formation and Reactions 
of Cluster Ions of 0^, 02", and 0~," J. Chem. Phye. 52, 3133 (1970). 

Bohme, D. K., D. B. Dunkln, F. C. Fehsenfeld, and E. E. Ferguson, 
"Flowing Afterglow Studies of Ion-Molecule Association Reactions," 
J. Chem. Phye. 51, 863 (1969). 

Dunkln, D. B., F. C. Fehsenfeld, and_E. E. Ferguson, "Thermal Energy 
Rate Constants for the Reactions N02" + C¿2 -* C¿2~ * N02, C¿2" ♦ N02 -► 

C¿~ ♦ N02 Cl, SH~ ♦ N02 N02" ♦ SH, SH" * Cl2 + Cl^ ♦ SH, and 

S‘ ♦ N02 ^ N02' ♦ S," Chem. Phye. Letten 15, 257 (1972). 

Fehsenfeld, F. C., A. L. Schmeltekopf, H. I. Schiff, and E. E. Ferguson, 
"Laboratory Measurements of Negative Ion Reactions of Atmospheric Interest, 
Planet. Spaoe Soi. ¿5, 373 (1967). 

Fehsenfeld, F. C., and E. E. Ferguson, "Further Laboratory Measurement 
of Negative Reactions of Atmospheric Interest," Planet. Spaoe Soi. 16, 
701 (1968). ” 

Fehsenfeld, F. C., E. E. Ferguson, and D. K. Bohme, "Additional Flowing 
Afterglow Measurements of Negative Ion Reactions of D-Region Interest," 
Planet. Spaoe Soi. 17, 1759 (1969). 

Fehsenfeld, F. C.,and E. E. Ferguson, "New Laboratory Results on D-Region 
Negative Ion Reactions," DNA Atmospheric Effects Symposium, San Diego, 
California, 9-12 April 1973. 

Fehsenfeld, F. C., private communication, 1973. 

Ferguson, E. E., "Ionospheric Ion-Molecule Reaction Rates," Rev. of 
Geophyeioe 5^, 305 (1967). 

Ferguson, E. E., "Negative Ion-Molecule Reactions," Canadian J. Chem. 
47, 1815 (1969). 

Ferguson, E. E., F. C. Fehsenfeld, and A. L. Schmeltekopf, "Ion-Molecule 
Reaction Rates Measured in a Discharge Afterglow," Adv. in Chem. Series 
80, 83 (1969). 



LC- ^hsenfeld- <>• »• Ounkin, and E. E. Ferjuson, 
802 (Î97I)! R,ictl0ns ln N2° at u“ En.rgi.s," Bull. Am. Phya. Soo. 18, 

:“.s isr- •' 
Moruzzi, J. L., and A. V. Phelps, "Survey of Negative-Ion Molecule 
Pressures * a?* jnd Mixtures 0f These Gases at High 

essures, "* c,lem» Phya. 45, 4617 (1966). 

NeutraMleactions^nf^r Rutïerford' “d “• *• Vroom, "A Study of lon- 
Intelcom Rad T.ch 8086^"“^ îoÎ! ^ At,1<>sPhe”." “A 313dF. 

Zu. L.'sC1. '('^!lon of 0l)',en Ne!,tlv' Io"s>" 

în,rF";S^;E™F^X.aN‘nta97.T’MoIecul‘Re,ctions 

cpS‘^¿í¡d."0s2riN»‘;tiíL'o"i!,cíionLwióh c*rbon Dioxide ,nd 

U«"AyL«; *5' “>" «th Hydro,™ and th. yarocarbons, J. Chem. Soo. Faraday Trane. I 68, 613 (1972b). 

Nitroi' L^:,ErleCrtTOn îttacïraen^ Negative Ion-f4olecule Reactions in 
Nitrous Oxide, J. Chem. Soo. Faraday Trane. I 68, 2103 (1972c). 

Paulson, J. F., "Some Negative Ion Reactions in Simple Gases " 
Ado. in Chem. Seriee 58, 28 (1966). * 

oa*rHm Jt:nD^w n‘ Kebarle* "Kinetics of Reactions Leading to 
°2 ^H2°^n in Moist 0xyien» J. Chem. Phye. 56, 3482 (1972). 

rînÎîîît J; D:i A* J* Cunnin8h«». and P. Kebarle, "Kinetics and Rate 
Leading to Hydration of NO “ and NO,- in Gaseous Oxyaen. Araon 

and Helium Containing Traces of Wate?," (private communicating72^ 

i-^sZ‘7òrmiw-,m RMctio,,> in ^-¾° 

Tranafo^Fro**«"** o“" ‘A 8- Turnert "The Production of NO," 8y Elactron 
cm?)! 0 • °2 • °3 • *nd OH to N02." J. Oecphya. h,. 72, 3795 

f"““\R'u^: Oatland, J, H. Schuaaaers, D. W. Martin, 
and E. W. McDaniel, "Ion-Molecule Reactions Between 0" and 0 at Therm*! 
Energies and Above," Phye Rev. A3, 487 (1971). 2 

75 



Tieman, T. 0.,and B. M. Hughes, "Negative Ion Reactions of Significance 
to the Atmosphere," Office of Aerospace Research Application Conference, 
13 March 1969. 

Truby, Frank K., "Low-Temperature Measurements of the Three-Body Electron- 
Attachment Coefficient in 02," Vhye, R*v. A £, 671 (1972). 

! 

f 



■ 

r 

*9 i 



I 

L 

'll i 



1 



1 





1 

- ^^ * 

-¾ 

2.
0
(-

2
5
] 

-2
.5

 



REFERENCES 
FOR 

TABLE VII 

Aberth, W., J. T. Moseley, and J. R, Peterson, "Two-Body Ion-Ion Neutraliza¬ 
tion Cross Sections," SRI Project PAU-7579 AFCRL-71-0481, September 9, 1971. 

Eisner,_P. M.,and M. N. Hirsh, "Two-Body Recombination of N0+ With NO,“ 
and NO, Measured in a Thermal Plasma at 300*K," Phwa. Rev. Letters 2 
26, 874 (1971). 

Moseley, J. T., W. Aberth, and J. R. Peterson, "Two-Body Mutual Neutraliza¬ 
tion Rates of 0-4, ♦ 0", N0+ ♦ 0“ and Na4 ♦ 0“ Obtained With Merged Beams," 
J. Geophys. Rest 77, 25S (1972). 

Moseley, J. T., private communication, 1973. 

Peterson, J. R., W. H. Aberth, J, T. Moseley, and J. R. Sheridan, 
"Ion-Ion Mutual Neutralization Cross Sect4ons Measured By a Superimposed 
Beam Technique. II. 0,+ ♦ 0,’, 0,* ♦ NO,“, and NO* ♦ NO,“," Phys. Rev. 3, 
1651 (1971). 2222 2^ 

Smith, F. T., D. L. Huestis, and S. W. Benson, "Neutralization Rates of 
Clustered Ions in the D-Region," DNA Sponsored Atmospheric Effects 
Symposium, San Diego, California, 9-12 April 1973. 

83 



1 



r 1 Tf 

► 

> 

i 

i 

h- 

r 

00 
o\ 

T. 
O 
3 

¢0 

O 
y 

s 
o 

♦ I 

l/> l/> 

»N fN 

O 

I 

ÍN s 
t 

K> 
O 

Q 

w 
O 

-_^ ^ 



1 

» 

I 

I 

I 

I 

r 

\ 



1 

«fl 
-X 
U 

S 
O 
-X. 

■S! 

U 
c 

X 

f. 

I 
> 

O 
U 

U 
O 



R
e
a
c
ti

o
n

s 
A 

!'. 
(.
 

R
e
fe

re
n

c
e
 
V

a
l
u
e
s
_

l<
e
fe

re
n

c
e
s_

kc
.T

.a
rk

s 



‘iwrfit 
vvi 

Sï' 

O 
? s § 

m 
fN 

O 

• * U 
h* > a> 9k > 
M TJ © 

IA V • 
> 

00 K! 
9» — 
«N r* § ¿ 

S 

b TJ 
«* 4» 4> *J 

0> «i I 
00 u 
Sí 

O ri H 

T 
* ° 0> -+ 
a. a 

M («4 
4» 

4> 

-3,¾ 

• c a» 
-• o -* 
(4 «-* 
l> 3 • 0^-4 

O CTJ 
9k o -■3-4 0 

¡> » <o 
X • Ok 
X -4 -4 a ^ 

• S ÿ X 
"9 9 J U >» jC i/l — 
c U - 3 
- O ^ .T 
-J H U- ac 

u -3 
4> — 

4) 

U C 

J I 
“ i 4)-4-4 

i- X 
'J 

1 

— fi 
\ - 

O 
♦ 

O 

< 
s 

s 
•3 

3 
O 

g § 
C c 
-8 -8 
5 5 

8 
C 

O 
—4 
9k 

H 
•N. 
O 
—4 
9k 

a 
P S 

*—• <N « r* _, 

o a. — 

« 9k 

rA — 

O -4 00 
S i w a, 

• *— a h w —> K 4) 
C. 00 4) /-s 

2 o P 
-♦■7 7? 

O S* 
S i 

fO K 
IA ri 

IA 

O 

fO 

O ■N — — —4 —« 

O O 
<N -! 

X 

♦ 

X 

♦ 

s 
♦ 

i 

89 

(fl 
(J 

ri 
»A 

O 

> - • 
X • • 
X — — 

« C4 

9k x: 
-4 U 

<33 
Z « «4 Q 00 00 

1 

O 
O 
iA 

I • ri ^ 

. rj -i 

^-- - 

J.
0
6
(
-
1
1
]
 

Sc
ho

fi
el

d,
 
19

67
 

50
0-

90
0°

K 

(4
.1

S 
t 

1.
66

)(
-1

1)
 

Ni
ls

on
, 

19
*J
 

5
0
0
-
2
0
0
0
°
K
 

(4
.2
 
± 

1.
7)

(-
11

] 
üa
rv
in
, 

19
75
a 

5
0
0
-
1
0
0
0
°
K
 



3
7

b
. 

H
 
♦ 

0
, 

+
1
1
0
+

0
 

3
.7

[-
1
0
| 

84
5(

1 
(3

.7
 

* 
1.

 1
) 
|-

I0
jc

*
p

(-
8

4
5

()
/1

 )
 

B
au

lc
h
 
c
t 

a
l.

. 
1
9
7
2
 

7
0
0
-2

5
0
0
°K

 

(3
.7
 

« 
1
.9

J[
-l

O
jp

x
p
f-

8
4
0
0
/T

J 
B

au
lc

h
 
e
t 

a
l.

,N
o
.3

, 
1
9
6
6
 

3
0

0
-3

0
0

0
°K

 

1 



Cl
in

ic
* 

V
a
lu

e
 

R
ea

ct
 i

o
ti

s 
A
 

11_
c
:
_

R
ef

er
en

ce
- 

V
a
lu

e
s_

K
c
fc

rc
n

c
e
s_

k
e
a
a
rk

s 

1 

K5 0 
O 00 J 

<n «J 

5 3 

♦ O 

o> 8 
n o 
-• 
3 
O •• 
jC 
i« 

X Ç X) 
X *S ^ 

O Is* 
• 3» 

z: 

3» C 
ftl .#4 
c > < X u 

z — (1 3S U 

O to O 
to 4» 9» 
II C ^ 
> e i 

o rie O u »o 

o 
o 
o 

s 
Ê 

o 
o 
to 

a\ 

3 
«fl 00 

C 

> 

3 

-34 
C C 

¡I 
X a> a* 
• »4 Cl 

1-5 fi 7*. 

» 2 

I 44 O 
—• 4h x: 

2« 

I 
I 
o 4 

C 

c 8 
O «O 

3» iO sO 
o a» 
C7> -I 

ffl -4 

I 44 

:- i 

< -H 
ä f 

3> 
NO 
a> 

X • 
X 

*« 

a 
2 2 -5 

3 
«TÎ 

CO 

§ 8 

5 t - 

-¾ 
O 
o 

? 
o 

8 
8 8 

-H O 
»i r- 
> a> 
X 

• > 
X a> w 00 -. a 
•» *4 
av i« X 
-4 U O 

•3 -4 
< C 3 
2 0« 

H 

3 
2 8 

a 
X to 

t^ 

o 
■fl 

»45 

o 
♦I 

1^ 

to 
o 
♦I 

O lO 
~ o 
♦ I 

»0 «t 
I o o — ♦ I 
« 
t -4 

M —i — -• 

o 
lO 
—4 
to 

t*> 

00* 

«N 
—4 

I 

o 
oî 

91 



C
o

d
e 

V
a
lu

e
 

K
e
a
c
ti

o
n

s_
A

_
B

_
C

_
R

e
fe

re
n

c
e
 
V

a
lu

e
s 

k
c
fc

rc
n

c
L

ü
_

R
em

ar
le

s 

1 



R
e
fe

re
n

c
e
 
V

a
l
u

e
s
_
 

R
e
fe

re
n
c
e
s_

('
e-

m
ar

ks
 

O 
cr» 

> 
ft> 

T» 
C 
c 

(9 
fN 
OV 

(9 

«-* 
O 

5 

i 
<7V 

r^- 
o 
o» 

sO 
CT> 

TJ *0 
«H —a 
4) ft> 

O 
£ U 
!/) 

O 

o 
• (9 

•»a »-a 
^ co 
•»a 
25 uO 

«*9 la 
« 

(/1 (/) 

5 
r-' 
o\ 

u 
(fl 
a 

jO 
vO 

s 
X 

5 
n 
o\ 

< 
1 

1/) 

X 
X 

5 n 
9) 

< 
2 



1 

I 

. 

fl 

r 



1 





R
e
a
c
ti

o
n
s
 
o

f
 
A

tm
o
s
p
h
e
ri

c
 
S

p
e
c
ie

s
 
n
o
t 

in
 

A
IR

C
II

Q
1

 

c 
‘> u 
■3 

o o 

5 
t 

0 

w 
o 

4? 

o\ 

i 
I 

J- J- ^ “ 
JrL * 

♦ i 

o 

♦ 

u 

♦ 

a 

♦ 

♦ 

a 
w 
o 

a 
w 
O 

I i 

u s 
♦ 

•o 

5 

A 
o» 

S 3 CS 
O 

O 

Ok 

3 
r^ 
o> 

« 

5 o 

t 

o 
♦ 
•o 

5 

r- 
o 

00 

t 

2 S 2 2 Æ 
«> -• TJ ^ Z« 

2 5 

44 
O 

•C 
« 

M 
4» 

i 
3 

CS 

«Ö 

J 

44 
O 

■s 
e 
•a 
c 
5 

O 
x: 
u 

U5 

I 
3 

t P 
S 
CO 

H 

§ 

S 
2 £ 

in 

►— "N* 
s 
m 
co 

o 
»"4 Ok 

O 
co 
m 

o 
m 
m 

t; X 
e- 
4> 8- 

V 
8- 
« 

I •— 

& tt 
oo m i—« o ao oo 

o . . »4 0 o o 
♦ i ♦ » 

• oo 
00 • 
»4 ro o O <-4 tn co 1-4 

m 

in 
»o co 

s 
t 

5 S S 
t 

s 
♦ 

5 5 
i*» » 

5 5 5 

3 
C' 
Ok 

•O »4 

• CO 4^ 4» ^ 

& ^ Ç W P W t 

& 
4) /-N 
^ o oo 

8- 
V 

I 
c* 

X 
u 

« 
<u 
z 

S’ 00 

o 
u 8 

i 

§ § 

o 
c> c- 
Ok sO 
4-4 Ok 

44 0> 

s c 
1 - S ü 

h* 
'v. ^ 

S Î- 
o 

co ro 
I ro 

8- i 
Ä 8- 

00 

I cT 
k-4 «M 
CO I 

in »4 

2 
a 

»4 ci *n 

97 

ai 



C U 
■Sí TJ 
— c — o 
* ^ 3 

I 

•*4 *+ • • 

7 7?? 

K> 00 ^ 

00 CT> 

2 
u 

i 

o 

o 
r» 
o» 

«o 
£ 

o\ -* ^ 

a» 
z 
Õ 

• c 
-O -H 
>. > 
o c •—• ^ 

-a 
c 
o 

c a 

i 1 
K> ro 

a a 
X X 
a> o 

a 
X 
a> 

^-4 fN 

B- sO 

O 
00 
• • 
o o 

^ r-* r- ^ «M 

s 
a 

°r. 
5 

8 
4 

5 

H 

S 

O 
fM 
X 

X 
«H 
u 

“Ki ^ 
u u 

X X 
♦ 

s 
o 
x^ 
u 

°K, 

s X 
rsi 
u u u 

»H *h C*4 
3 8- 

•O 
O 

& " 
ft> 

1 
§ i 

3 

(0 
-¾ 
c 
o 

H 
O 

^ & 
w h 'r' 

& 
«i 

o 
00 

H 
>v 
O 

- i & ¿ a ^ & 

I 

a% 
-X .-4 1/1 

m 
rs| 

u 

5 
♦ 

°N 
5 

m 
C 
u 

^ =04 
u u 

o 
I/) vO 

=>, ^ 
u u 

§ I t/i T3 

- i 
X * 

I 

^ p S* P 
£ i 
O CT> 
-4 <7> 

I ^ 
I 

•-4 O O 

h* n 
-+ rM 

O -4 

-4 fM 

in 

u 

x'0 

T3 
X 
O 

2 
73 
C 
O 

4- 
■ 
£ 

O 
O 
o 

«!- B 
B- 
4) 

O» 
O 

O X 
• 4) 

° Õ 

§ 

X 
fM 

u 

ifí 

< 
u 

o 
♦ 

SO 

u 

o 
SN 
u 

98 

te * 



u o 

§ 
I 
8 

8 8 

O 
8 

O 
8 
O 
8 

O O 
o o 
r-4 M 
n rvi 

I i o 
8 

o 
8 

3 O 
O 

o 

8 
»O 

u 

«/> 

4 
s 
a 

s 
♦ 

u 

n 

♦ 

♦ ♦ft 

X o 
♦ ♦ 

>6 
no 
u 

o 

u 

r** 

u 

00 

u 

8 S 
« 
8 5 

99 

1 







REFERENCES 

FOR 

TABLE VIII 

Anderson, J. G.,and F. Kaufman, "Hie Kinetics of Reactions Between 

Hydroxyl, Nitric Oxide, and Nitrogen Dioxide," Trane. Am. Geophye. 
Union 53, 1063 (1972a). 

Anderson, J. G.,and F. Kaufman, "Kinetics of the Reaction OH ♦ N02 + M -* 

HNOj + M," Chem. Phye. Letters 16, 375 (1972b). 

Anderson, J. G.,and F. Kaufman, "Kinetics of the Reaction 0H(v=o) + Oj - 

HO, ♦ 02," SRCC Report No. 183, University of Pittsburgh, Pittsburgh, 

Pennsylvania, February 1973. 

Bahn, G. S., "Chemical Kinetics," Pyrodynamice 1_, 147, 271, 335 (1964), 

2 91, 197, 315 (1965), 3 245 (1965), 6 101 (1968), cited by Garvin 8 

Gevantman, 1972. 

Bascombe, K. N., "Reactions Rate Data: The Hydrogen/Oxygen System," 

Ministry of Aviation, Explosives Research and Development Establishment, 

Waltham Abbey, Essex, England, E.R.D.E. Report 1/5/65, cited by Garvin 

8 Gevantman, 1972. 

Baulch, D. L., D. D. Drysdale, and A. C. Lloyd, "Critical Evaluation of 

Rate Data for Homogeneous, Gas-Phase Reactions of Interest in High-Tem¬ 

perature Systems," High Temperature Reaction Rate Data No.l, May 1968. 

Department of Physical Chemistry, The University, Leeds 2, England. 

Baulch, D. L., D. D. Drysdale, and A. C. Lloyd, "Critical Evaluation of 

Rate Data for Homogeneous, Gas-Phase Reactions of Interest in High-Tem¬ 

perature Systems," High Temperature Reaction Rate Data No. 2, November 

1968, Department of Physical Chemistry, The University, Leeds 2, England. 

Baulch, D. L., D. D. Drysdale, and A. C. Lloyd, "Critical Evaluation of 

Rate Data for Homogeneous, Gas-Phase Reactions of Interest in High-Tem¬ 

perature Systems," High Temperature Reaction Rate Data No.3, July 1969, 

Department of Physical Chemistry, The University, Leeds 2, England. 

Baulch, D. L., D. D. Drysdale, D. G. Horne, and A. C. Lloyd, "Critical 

Evaluation of Rate Data for Homogeneous, Gas-Phase Reactions of Interest 

in High-Temperature Systems," High Temperature Reaction Rate Data No. 4, 

Dec. 1969, Department of Physical Chemistry, The University, Leeds 2, 

England. 

102 



Baulch, D. L., D. D. Drysdale, and D, G. Home, "Critical Evaluation of 
Rate Data for Homogeneous, Gas-Phase Reactions of liierest in High Tem¬ 
perature Systems," High Temperature Reaction Rate Data No. 5, July 1970, 
Department of Physical Chemistry, The University, Leeds 2, England. 

Baulch, D. L., D. D. Drysdale, D. G. Home, and A. C. Lloyd, Evaluated 
Kinetic Data for High Temperature Reactions. Volume 1, Homogeneous Gas 
Phase Reactions of the System, CRC Press, Cleveland. 5hio. 1972. 

Benson, S. W., and H. E. O'Neal, "Kinetic Data on Gas Phase Unimolecular 
Reactions," Nat. Stand. Ref. Data Ser., Nat. Bur. Stand. (U.S.) 21 
(1970), cited by Garvin § Gevantman, 1972. 

Black, G., private communication, 1973. 

Clyne, M. A. A., and D. H. Stedman, "Rate of Recombination of Nitrogen 
Atoms," J. Phya. Chem. 71, 3071 (1967). 

Clyne, M. A. A., and H. W. Cruse, "Atomic Resonance Fluorescence Spectro¬ 
metry for Rate Constants of Rapid Bimolecular Reactions. Part 1. Re¬ 
actions 0 ♦ N02, Cl * C£N0, Br ♦ CfNO," JCFTBS 68(8), 1281 (1972). 

Davis, D. D., W. Wong, W. A. Payne, and L. J. Stief, "A Kinetic Study 
to Determine the Importance of H0_ in Atmospheric Chemical Dynamics: 
Reaction With CO," Symposium in "Sources, Sinks, and Concentrations of 
Carbon Monoxide and Methane in the Earth's Environment," St. Petersburg 
Beach, Florida, 15-17 August 1972a. 

Davis, D. D., J. T. Herron, and R. E. Huie, "Absolute Rate Constants for 
the Reaction 0(3P) ♦ NO- -*■ NO ♦ 0_ Over the Temperature Range 339-230K, 
J. Chem. Phya. 58, 530 f1972b). 

Davis, D. D., W. W. Wong, S. D. Fischer, R. L. Schiff, J. 0. Lephardt, 
J. E. Prusaczyk, W. A. Payne, L. J. Stief, R. E. Huie, and J. T. Herron, 
"Recent Kinetic Measurements on the Reactions of 0(3P), H and HO,," 
Second Conference on CIAP, Department of Transportation, p.126, November 
1972c. 

DeMore, W. B., "Rate Constants for the Reactions of Hydroxyl and Hydro- 
peroxyl Radicals With Ozone," Seienoe 180. 735 (1973). 

Findlay, F. D.,and D. R. Snelling, "Collisional Deactivation of 0,(lA )," 
J. Chem. Phya. 55, 545 (1971). ¿ g 

Friswell, N. J.,and M. M. Sutton, "Radical Recombination Reactions in 
Flames: Participation of the HO, Radical," Chem. Phya. Lettere 
1972). ¿ ïf,Æ( 

103 



Garvin, D., and L. H. Gevantman, "Chemical Kinetics Data Survey. Ill, 

Selected Rate Constants for Chemical Reactions of Interest in Atmospheric 
Chemistry," National Bureau of Standa ds Report 10867, June 1972. 

Garvin, D., and R. F. Hampson, "Evaluated Rate and Photochemical Data 

for Modeling of the Stratosphere," Second Conference in CIAP, U. S. Depart¬ 
ment of Transportation, p. 114, November 1972. 

Garvin, David, editor, "Chemical Kinetics Data Survey. IV. Preliminary 

Tables of Chemical Data for Modelling of the Stratosphere," NBSIR 73-203, 
Interim Report, May 1973a. 

Garvin, David, editor, "Chemical Kinetics Data Survey. V. Sixty-six 

Contributed Rate and Photochemical Data Evaluations on Ninety-four 
Reactions," NBSIR 73-206, Interim Report, May 1973b. 

Gilpin, R., H. I. Schiff, and K. H. Welge, "Photodissociation of 0, in 

the Hartley Band. Reactions of 0(and 0,,(^ ) With 0, and 0-,"3 
«7. Chert\ Phys. 55, 1087 (1971). ¿ g 3 2 

Golde, M. F., A. E. Roche, and F. Kaufman, "Absolute Rate Constant for 

the 0 ♦NO Chemiluminescence in the Near Infrared," SRCC Report No. 187, 

University of Pittsburgh, Pittsburgh, Pennsylvania, May 1973. 

Gray, D., E. Lissi, and J. Heicklen, "The Reaction of Hydrogen Peroxide 

With Nitrogen Dioxide and Nitric Oxide," J. Phye. Chem. 76, 1919 (1972). 

Hampson, R. F., R. L. Brown, D. Garvin, J. T. Herron, R. E. Huie, 

J. D. McKinley, and W. Tsang, "Chemical Kinetics Data Survey. I. Rate 

Data for Twelve Reactions of Interest for Stratospheric Chemistry," 
National Bureau of Standards Report 10692, January 1972a. 

Hampson, R. F., W. Braun, D. Garvin, J. T. Herron, R. E. Huie, M. J. Kurylo, 

A. H. Läufer, H. Okabe, and W. Tsang, "Chemical Kinetics Data Survey. II. 

Photochemical and Rate Data for Fifteen Gas Phase Reactions of Interest 

for Stratospheric Chemistry," National Bureau of Standards Report 
10828, April 1972b. 

Hampson, R. F., editor, D. Garvin, J. T. Herron, R. E. Huie, M. J. Kurylo, 

A. H. Läufer, H. Okabe, M. D. Scheer, and W. Tsang, "Chemical Kinetics 

Data Survey. VI: Photochemical and Rate Data for TVelve Gas Phase Reactions 

of Interest for Atmospheric Chemistry," NBSIR 73-207, Interim Report, 
August 1973. 

Heidner, R. F., Ill, D. Husain, and J. R. Wiesenfeld, "Kinetic Investigation 

of Electronically Excited Oxygen Atoms, 0(2^.), by Time-Resolved Attenua¬ 

tion of Atomic Resonance Radiation in the Vacuum Ultra-Violet. Part 2. 

Collisional Quenching by the Atomospheric Gases N_, 0-, CO, C0-, H„0 and 0,." 
JCFTBS 69, 927 (1973). 2 2» ’ 2* 2 3* 

104 



Hochanadel, C. J., J. A. Ghormley, and P. J. Ogren, ’’Absorption Spectrum 
and Reaction Kinetics of the HO, Radical in the Gas Phase," J. Chem. Fhya. 
56, 4426 (1972). 

Huie, R. E., J. ï. Herron, and D. D. Davis, "Absolute Rate Constants for 
the Reaction 0+0~ + M-»-0_ + M Over the Temperature Range 200-346K," 
J. Phye. Chem. 76, 2653.(1972). 

Johnston, H. S.,and D. M. Yost, "Kinetics of the Gas Reaction Between 0_ 
and N02," J. Chem. Phye. 7_1, 386 (1949). 0 

Johnston, H. S., "Gas Phase Reaction Kinetics of Neutral Oxygen Species," 
Nat. Stand. Ref. Data Ser., Nat. Bur. Stand. (U.S.) 20 (1968), cited by 
Garvin 6 Gevantman, 1972. 

Kondratiev, V. N., English edition: "Rate Constants of Gas Phase Reactions - 
Reference Book," R. M. Fristrom, editor, National Technical Information 
Science, Springfield, VA, COM-72-10014, January 1972, cited by Garvin and 
Gevantman, 1972. 

Krezenski, D. C., R« Simonaitis, and J. Heicklen, "The Reactions of 0(3P) 
with Ozone and Carbonal Sulfide," Interrational J. Chem. Kinetioe III, 467 
(1971). 

Kurylo, M. J., "Absolute Rate Constants for the Reaction H + 0» M -► HO, + M 
Over the Temperature Range 203-404K," J. »hye. Chem. 76, 3518 (1972). 

Lin, C. L., and F. Kaufman, "Reactions of Metastable Nitrogen Atoms," 
J. Chem. Phye. S5, 3760 (1971). 

Lloyd, A. C., "Evaluated and Estimated Kinetic Data for the Gas Phase 
Reactions of the Hydroperoxyl Radical," Nat. Bur. Stand. (U.S.) Report 
10447 (1970), cited by Garvin § Gevantman, 1972. 

Mandelman, M., T. Carrington, and R. A. Young, "Predissociation and Its 
Inverse, Using Resonance Absorption N0(C2it) * N + 0," J. Chem. Phye. 58, 
84 (1973). 

McCrumb, J. L.,and F. Kaufman, "Kinetics of the 0+0, Reactions," J. Chem. 
Phye. 57, 1270 (1972). * 

Morley, C.,and I. W. M. Smith, "Rate Measurements of Reactions of OH by 
Resonance Absorption. Fart 1. Reactions of OH With NO, and NO," JCFTBS, 
68(6), 1016 (1972). ¿ 

Noxon, J., "Optical Emission from O^D) and Ojib1! ) in Ultraviolet Photolysis 
of 02 and C02," J. Chem. Phye. 52, 1852 (1970J. 8 

105 



Phillips, L. F., and H. i. Schiff, "Mass Spectrométrie Studies of Atomic 
Reactions. I. Reactions in the Atomic N-O3 System," J. Chem. Phya. 36, 
1509 (1962). 

Phillips, L. F., and H. I. Schiff, "Mass-Spectrometric Studies of Atomic 
Reactions. V. The Reaction of N Atoms With NO2," Chem. Phya. 42., 3171 
(1965). 

Schiff, H. I., "Laboratory Measurements of Reactions Related to Ozone 
Photochemistry," Ann. Geophya. 2Ji, 67 (1972). 

Schofield, K., "An Evaluation of Kinetic Rate Data for Reactions of 
Neutrals of Atmospheric Interest," Planet. Space. Sat. lj>, 643 (1967), 
cited by Garvin Ç Gevantman, 1972. 

Schofield, Keith, "Evaluated Chemical Kinetic Rate Constants for Various 
Gas Phase Reactions," J. Phyaical and Chemical Reference Data 2_, 25 (1973). 

Simonaitis, R.,and Julian Heicklen, "Reaction of HO2 With C. Phya. 
Chem. 77, 1932 (1973). 

S langer, T. G.,and G. Black, "Reaction Rate Measurements of 0(3P) Atoms 
by Resonance Fluorescence. I. 0(3P) + O2 ♦ M -► 0^ ♦ M and 0( P) + NO ♦ M 
NO2 + M," J. Chem. Phya. 53, 3717 (1970J. 

Slanger, T. G., B. J. Wood, and G. Black, "Kinetics of 0(3P) + CO + M 
Recombination," J. Chem. Phya. £7, 233 (1972a). 

Slanger, T. G., B. J. Wood, and G. Black, "Investigation of the Rate 
Coefficient for 0(3P) + N02 ■+ NO + 02," Second Conference on CIAP, U.S. 
Department of Transportation, p. 144, November 1972b. 

Stuhl, F.,and H. Niki, "Measurements of Rate Constants for Termolecular 
Reactions of 0(3P) With NO, 02, CO, N , and C02 Using a Pulsed Vacuum- 
UV Photolysis-Chemiluminescent Method," J. Chem. Phya. 55, 3943 (1971). 

Walker, R. W., "Activation Energies of the Reversible Reaction Between 
Hydrogen Atoms and Methane to Give Hydrogen and Methyl Radicals," J. Chem. 
Soo. Sect. A, 2391 (1968), cited by Garvin § Gevantman, 1972. 

Wayne, R. P.»and J. N. Pitts, Jr., "Rate Constant for the Reaction 
0.,(¼ ) + 0, -*■ 20_ ♦ 0," J. Ct.em. Phya. 50, 3644 (1969). 2 ^ g' 3 z 

Wilson, W. E.*Jr., and D. Garvin, "Kinetics Tables for the Reaction 
N + 0o •+• NO ♦ 0 (K ) , and NO + 0 -+■ N + 0_ (K_)," in "A Compendium of 
Evaluated and Estimated Rate Coefficients, "‘NBS Report 9884, (1968) 
cited by Garvin and Gevantman, 1972. 

Wilson, W. E.jJr., "A Critical Review of the Gas-Phase Reaction Kinetics 
of the Hydroxyl Radical," J. Phya. Chem. Ref. Data 1., 535 (1972). 

106 



Young, R. A., G. Black, and T. G. Slanger, 
0(1D)," J. Chem. Phya, 49, 4758 (1968). 

"Reaction and Deactivation of 

107 




