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1. Introduction

A set of individual data sheets on the chemical kinetics and photo-

chemistry of neutral species is presented. They are designed for use in

modeling the chemistry of the stratosphere and, to a more limited

extent, the polluted troposphere and also the interpretation of laboratory

experiments.

The coverage of this initial set of data sheets issued in February

1980 corresponds to the approximately 400 reactions listed in NBS Special

Publication 513, "Reaction Rate and Photochemical Data for Atmospheric

Chemistry - 1977", R. F. Hampson and D. Garvin, May 1978. Approximately

one quarter of these reactions were among those considered by the NASA

Panel for Data Evaluation in June 1979 at the Stratosphere Workshop in

Harpers Ferry, West Virginia. The Panel recommendations are given in

NASA Reference Publication 1049, "The Stratosphere: Present and Future",

R. D. Hudson and E. I. Reed editors, December 1979. For these reactions

the data entry has been updated to include the NASA 1979 recommendation

and explanatory note. The date of preparation of these data sheets is

shown as June 1979. For the remaining reactions the data entry itself

has not been updated from that given in NBS Special Publication 513 and

therefore the date shown on these data sheets is May 1978, the publication

date for NBS SP 513.

The Chemical Kinetics Data Center has issued four versions of For

a table of rate data in the following National Bureau of Standards

publications: NBSIR 73-203 (1973); NBSIR 74-430 (1974); NBS Technical Ion ___

Note 866 (1975); and NBS Special Publication 513 (1078)-*.. The present

data sheets supersede all these earlier publications. A*!i~,Cd~
Avail and/ol.
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Rate data evaluation is a small but growing branch of physical

chemistry. Evaluations and compilations of rate data and on-going

programs in these areas have been described in the review paper "Evaluation

and Compilation of Reaction Rate Data" by R. F. Hampson and D. Garvin,

Journal of Physical Chemistry 81, 2317-2319 (1977). An extensive listing

of sources of evaluated rate data, NBS List of Publications 73 "Chemical

Kinetics Tables, Data Evaluations and Bibliographies. A Guide to the

Literature" is available on request from the NBS Chemical Kinetics

Data Center.

In addition to the data evaluation activities at the National

Bureau of Standards, these are major ongoing rate data evaluation efforts

by two panels of which the present author is a member. One is the NASA

Panel for Data Evaluation which as mentioned previously has published

its 1979 recommendations in NASA Reference Publication 1049, December

1979. The other is the CODATA Task Group on Chemical Kinetics whose

recommendations will be published in 1980 in the Journal of Physical and

Chemical Reference Data. Recommendations of both panels are included

in these data sheets where appropriate. The only significant difference

in recommendations by these panels is for the reactions of O( 1D)

atoms. In these cases the present author has chosen to accept the

recommendations of the NASA panel.

In addition to recommendations on rate and photochemical data the

data sheets include listings of current research results. These data

listings serve several puposes. Some simply record measurements, usually

limited in number, on reactions for which it is not yet practical to

give recommended values. Others show the data upon which a new

recommendation is based. Still others show what has been done on a

2
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reaction since its rate constant was last evaluated. These new data may

support the recommendation or suggest the need for modifications in the

future.

2. Guide to the Data Sheets

2.1 General

These data sheets provide current information on reaction rate

constants, quantum yields and absorption cross sections. For many

reactions, preferred values are given. The reactions included in this

initial set of data sheets are summarized in the index of reactions

given in section 3.

Each data sheet contains the following items:

a. A statement of the chemical reaction.

b. The value of the enthalpy of the reaction calculated from the

table of thermochemical data in the forthcoming report of the

CODATA Task Group on Chemical Kinetics.

c. The data entry for each reaction as given in NBS Special

Publication 513 but revised to include the 1979 recommendations

of the NASA Panel for Data Evaluation and the CODATA Task

Group on Chemical Kinetics where pertinent.

d. Where a recommended value is given, there is a brief statement

discussing the basis for the recommendation. In those

instances where the recommendation is that of the NASA Panel

for Data Evaluation, the statement given in the note of the

NASA panel for that reaction as given or cited in NASA Reference

Publication 1049.

e. A list of references.

f. The date of the recommendation or the date through which the

( . literature coverage extends. As indicated earlier the date

shown is either May 1978 or June 1979. j
3I~- w~-.



Recommended values are usually indicated by an asterisk placed

ahead of the entry in the reference column. However in those instances

where the first entry is either "NASA (1979) eval" or "CODATA (1979) eval"

the asterisk has been omitted and it is simply implied that this entry

is the recommended value.

2.2 Uncertainty in Recommended Value of a Rate Constant

The uncertainty assigned here to the recommended value of a rate

constant is given in the column "Uncert. Factor at 298 K, notes". This

is an estimate by the evaluator of the absolute accuracy of the preferred

value. It is a subjective judgment derived from intercomparison of

data sets, consideration of related reactions studied with the same

technique, estimates of how well the parameters could have been controlled,

and comparison with theory. It means that in the evaluators Judgment,

the true value will lie within the indicated limits to a high level of

confidence.

The uncertainty factor is given for the value of the rate constant

at 298 K. The statement that the rate constant k has the central

value k0 and is uncertain to a factor f means that the true value of

k lies in the range between k0/f and k0f. An estimate of the uncertainty

factor for temperatures below 298 K is given by the following expression:

fT/f298 = exp[(1/T-1/298)A(E/R)]

At times a rate constant expression is quoted with individual

uncertainties for the rate parameters as k - (A + a) exp(-B + bIT).

These measures are those provided by the author of the paper and often

are indications of precision, not overall reliability.

I')
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2.3 Conventions Concerning Rate Constants

a. General Convention. Almost all of the reactions listed here

are elementary processes. For them the rate expression is derivable

from a statement of the reaction, e.g.

A + 2B - AB2

-d[A]/dt = -(1/2) d[B]/dt = d[AB2]/dt = k[A][B]
2

Note that the stoichiometric coefficient for B, i.e. 2, appears in

the denominator before B's rate of change (which is equal to 2k[A]B ]2 )

and as a power on the right hand side.

b. Combination Reactions. Some reactions of this type are not of

integral kinetic order over the stratospheric pressure and temperature

range. That is, although they require an energy transfer agent, "",

they are in the "pressure fall-off region". For some such reactions we

S tabulate the low pressure limiting third order rate constant k0 in units

of cm6molecule-2s-1 and the high pressure limiting second order rate

constant k. in units of cm3molecule-'s "1 . The expression for the value

of the rate constant in the pressure fall-off range is given by the

expression developed by J. Troe in J. Phys. Chem. 83, 114 (1979):

log k - log~ko[M(1( + ko[M[/k,,)] + log Fc/(1 + [log koEM[/k.] 2)

For the recommendations of the CODATA panel the value of Fc is 0.8;

the recommendations of the NASA panel are based on the value of 0.6

for Fc .

c. Forward and Reverse Reactions. In some cases there are no

data on a reaction of interest but there are data on the reverse reaction.

occasionally, an evaluation will use the data on the reverse reaction

together with the equilibrium constant to calculate the rate constant.

$W



Obviously this is an approximation but it often is a useful method

of estimating non-measured physical properties. The entry contains

notations to tell the reader when this procedure has been used, such as

"based on reverse reaction", or when both reactions f and r are listed

together "kf = krKeq" or kr = kf/K eq. These expressions, which are those

used in the analyses, are based on equating the two rates at equilibrium.

2.4 Convention Concerning Optical Absorption Coefficients

These are reported as "absorption cross sections per molecule, base e".

They are defined by the equation:

a = (1/([N])L)l n (Io/I)

where 10 and I are the intensities of incident and transmitted light,

a is the absorption cross section, cmmolecule-1 , [N] is the concentration

of absorbers, molecules cm- 3 , and I is the path length, cm. Other

definitions and units are frequently used. The terms "absorption

coefficient" and "extinction coefficient" are common. It is always

necessary to know what concentration units, path length units and type

of logarithm (base e or base 10) are used in the definition. To convert

"cross-sections" to absorption coefficients in (atm at 273 K)
I n-",

.base e, multiply by 2.69 x 1019.

3. Ordering of the Data Sheets

Data on a reaction appear only once in these data sheets. The normal

location for a reaction is determined by its reactants. Each species

has been assigned a sequence number (I to 65) as shown in the index that

follows. These sequence numbers are the same as those used in NBS Special

Publication 513. The ordering of reactions is the same as in NBS SP 513

but with two exceptions - more pairs of forward and reverse reactions

6
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have been combined into one entry, and all the photochemical data sheets

have been consolidated and placed after the data sheets for chemical

reactions. A reactions is filed under the lower numbered species.

That is, the reaction of ozone (7) with an oxygen atom (1) is filed under

reactions of oxygen atoms. The numbers for the reactants appear at the

left margin of the table, preceding the statement of the reaction,

e.g. 1,7 0 + 03 - 02 + 02 . These number pairs run in ascending order

through the table. If a reaction is not found in the location described

above, the reader should look for it under the reverse reaction. The

usual rule is that exothermic reactions are given as the "forward"

reactions.

In the index that follows, bimolecular reactions are listed under

both reactants. Frequently the listing of reaction partners for a

particular species is divided into two parts by three dashes, separating

species earlier in the list than the species indexed from those later

in the list. Reactions of the particular species with those species

listed before the three dashes should be sought under those reaction

partners. There is no indexing of products of reactions. A few species

are listed in the index for which there are no reactions in the table, in

anticipation of expansion of the data set.
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