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TABLES OF RATE CONSTANTS FOR GAS PHASE CHEMICAL
REACTIONS OF SULFUR COMPOUNDS (1971-1979)*

Francis Westley

National Bureau of Standards
Chemical Kinetics Division

Center for Thermodynamics and Molecular Science
Washington, DC 20234

A table of rate constants for gas phase chemical reactions of

sulfur compounds is presented. Specifically, it gives in tabular form

the values of the parameters for the modified Arrhenius equation k =

B _
AT exp(-E/RT). The table covers the reactions of sulfur containing

molecules and free radicals - S, S
2

, SO, S02» SO^, S
2
O, SH, H

2
S, CS,

CS
2

, COS, CH^S*, CH^SH, cy-^CHgS, CH-^SC^* and a number of thiols,

thioethers and thioesters - with other compounds. The table includes 16

unimolecular, 187 bimolecular, and 11 termolecular reactions totalling

214 distinct chemical reactions. There are 348 distinct entries, distributed

as follows: 26 for first order reactions, 294 for second order reactions

and 28 for third order reactions. The kinetic data were compiled from

109 experimental papers and 6 critical reviews published between 1970

and 1979.

Key words: Arrhenius parameters, chemical kinetics, combustion, decomposition,

free radicals, gas phase, hydrocarbons, hydrogen, nitrogen

oxygen, rate of reaction, sulfur.

This work was supported by the Department of Energy and by the Office
of Standard Reference Data of the National Bureau of Standards.
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INTRODUCTION

This publication consists of a table of rate constants for reactions

of inorganic and organic sulfur compounds in the gas phase, as well as

of their reactions with other bodies. The table is a compilation of

rate constants given in 109 experimental papers and 6 critical reviews

published between 1970 and 1979. Its purpose is to provide the kineticist

and combustion modeler with a comprehensive and easy-to-use source on

kinetic data for chemical processes involving sulfur compounds. The

table gives 348 distinct reaction rate constants from the above mentioned

sources. A list of references including the 115 papers, arranged alphabetically

by author for each separate year, is appended at the end of the table.

For ease of reference the sulfur-containing reactant in a bimolecular

or termolecular reaction is always placed first, so that a grouping of

the reactions according to the standard order of sulfur compounds is

obtained. However, 14 bimolecular reactions and one termolecular reaction

involve two sulfur-containing reactants. For that reason, these 15

reactions are listed twice, the second time with the order of the sulfur-

containing reactants reversed. (E.g.: COS + S -> CO + S£ is also listed

as: S + COS -* Sp + CO.) As a result, the total number of tabulated

entries is 363, although the real number of distinct entries is only

347. The arrangement of the tables and the standard order of chemical

compounds are described in detail below, in the "Guidelines for the

User".

The presentation of kinetic data is standardized and simplified as

much as possible. Rate constants are expressed in terms of the modified

D

Arrhenius equation k = AT exp(-E/RT). In general uncertainties are

given only for the rate constant k itself and not for the individual
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parameters in this equation. Sometimes an uncertainty is given for the

value E/R and has been included in the uncertainty stated for the value

of the rate constant. Rate constants are expressed in units of s \
o I -] c _ o i

cm mol s , and cm mol s for reactions of first, second and third

order respectively. Conversion tables for other units are appended at

the end of this publication.

This publication is not the result of the effort of a single person,

but of the whole staff of the Chemical Kinetics Division. My thanks to

all of them. In particular, I wish to thank Dr. David Garvin, Deputy

Director of the Center for Thermodynamics and Molecular Science, and Dr.

Robert F. Hampson, Jr., Director of the Chemical Kinetics Information

Center, for their more than helpful suggestions and constant guidance;

Dr. Wing Tsang, Chief of the Chemical Kinetics Division, and Dr. John T.

Herron of the Chemical Kinetics Division, for their encouragement; Dr.

Bert R. Staples, Chief of the Electrolyte Data Center, for allowing us

to program the tables through a computer; Mrs. Betti joyce Molino and

Mrs. Carla G. Messina from the Office of Standard Reference Data for

applying the OMNIDATA and GPSDIC programs to the present tables; and

Mrs. Janice L. Jones and Mrs. Delores E. Dorman for typing a difficult

typescript with particular care.
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GUIDELINES FOR THE USER

General

As pointed out above, the presentation of the kinetic data in this

publication is an attempt to simplify and standardize them. Units of

rate constants used in this table are the cubic centimeter, the mole and

the second. The choice of a standard form for uncertainty limits is

somewhat more complicated, but when a series of recommended rate constants

is to be presented in a tabular form, the uncertainty limits can not be

omitted, for an uncertainty assigned to the recommended value of a rate

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

preferred value. It is to be emphasized that in the present tables the

concern is with the overall uncertainty of a reaction rate constant and

not with the expression of precision of a set of experimental measurements.

Most of the uncertainty limits included in this table are uniform within

the respective temDerature ranae indicated. However, for a limited

number of reactions, the data warrant or require variable limits. In

such cases, a note under the respective data indicates for which interval

of the temperature range there is a change in the uncertainty limits.

It is thouqht that the uncertainty limits expressed in the form of

lower and upper k factors - f and F, respectively - are the most suitable

for tabulation. Thus, if k
Q

is the central value of a rate constant the

limits of reliability for the rate constant k
Q

are defined by the

relationship:

fk
Q

< k < Fk
o (1)

i.e. multiplication of the central value k
Q

by f and F gives respectively

the lower and upper reliability limits of the rate constant. In this
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standardized formulation of uncertainty limits, the value of f is less

than unity and the value of F is greater than unity.

However the k factors are not the only way to express the uncertainty

limits of a rate constant and different authors use different forms to

indicate the degree of reliability of a recommended rate constant. It

follows that certain mathematical relationships are needed to translate

the different forms of uncertainty limits into the standard form used in

this table (lower and upper k factors). The formulas used to transform

any form of uncertainty limits into the standard form were given and

discussed at length in the introduction of a previous publication and

will not be repeated here.

Arrangement of the table

This publication is in two parts:

Part I . The table arranged in nine columns gives the chemical

reaction, the order of reaction n, the "third body" collision partner M,

the rate constants ratio k/k
rg ^,

the temperature range in kelvins, the

D
parameters A, B and E/R for the modified Arrhenius equation k = AT exp(-

E/RT) and the uncertainty limits expressed as k factors f and F.

Part II . The bibliography of part I, including the full references

for the 109 experimental papers and 6 critical reviews from which the

present table was compiled. Following the bibliography, two conversion

tables for equivalent second and third order rate constant units are

appended.

The arrangement of the table in part I is as follows:

Column 1 the chemical reaction indicating both the reactants and

the products. In the same column, under each chemical reaction, the

*
Wcstley, Francis, "Tables of Recommended Rate Constants for Chemical
Reactions Occurring in Combustion", NBSIR 79-1941 (1979) (1st ed.);
NSRDS'-NBS 67 (1930) (2nd ed.).
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names of the reactants are given. The chemical nomenclature adopted is

the one used in the Chemical Substance Indexes of Chemical Abstracts.

Alternative names are not given. The chemical names of the products are

not given. The line with chemical names is indented with respect to the

line above it. Under the chemical names, the short reference to the.

reviewer's book or article is given.* It includes the last two digits of

the year of the publication followed by the first three letters of the

author's name. If two authors are given, a slash separates each author's

three letters. Again, the short reference line is indented with respect

to the line above it. e.g.:

78 MAR/HER indicates the experimental rate constant for the

reaction between dimethyl sulfide and ozone, published

by Martinez and Herron in 1978.

The last line of column 1, placed under the line including the

short reference, begins with the heading NOTE:. It is given only when

necessary and might include information about the dependence of k factors

on temperature range, or the reaction taken as reference when a value

for the ratio k/k^ is given in column 3, or other information pertinent

to the reaction indicated above. For a couple of reactions . taken from

Baulch, et al
. (76 BAU/DRY) the relationship k-j = Kk_^ included in the

note indicates that the rate constant was calculated from the equilibrium

constant K and the rate constant k_-j of the reverse reaction. In such

cases, the author usually gives the rate constant of the reverse reaction

immediately after the data for the forward reaction. The arrangement of

the present table based on the standard order, does not allow the forward

rate constant of a reaction to be followed immediately by its reverse

rate constant. The reader will have to locate the rate constant of a

reverse in its proper place in the table.
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Column 2 , with the heading n, indicates the order of the reaction

displayed in column 1. The value of n is 1, 2, or 3, which defines the

proper standard units for the reactions, as follows:

1 for first order reactions s

3 -1 -1
2 for second order reactions cm mol s

6 -2 "1
3 for third order reactions cm mol s

The reaction order is indicated for every reaction included in the table

and the digit indicating its value is aligned with the short reference.

Column 3 , with the heading M, defines the inert reaction partner

("third body") when the chemical reaction displayed in column 1 includes

the letter M. Most of the third bodies displayed in column 3 include no

more than three characters (e.g.: Ar, He, H
2
O, ^ ^0, SC^, SO^, CC^).

For the reaction SO
2

+ OH + M -* HOSO
2

+ M the third body, a mixture of

N
2

and Og, is indicated in the note, in column 1. No indication is

given if M is undefined in the paper. When displayed, the third body is

aligned with the short reference and the reaction order.

Column 4 , with the heading k/k gives the ratio of the rate

constant of the reaction indicated in column 1 and the rate constant of

a reference reaction. In most cases this ratio is a dimensionless

number. However, when the order of the reaction indicated in column 1

is different from the order of the reference reaction, the ratio of the

rate constants is no longer dimensionless and the expression for the

ratio of rate constants is not given in column 3 (for lack of space),

but in the note, at the end of column 1. The reference reaction is

always indicated in the notes. The dimensionless rate ratios given in

column 3 are aligned with the short reference given in column 1 and with

the reaction order given in column 2.
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Column 5 , with the heading T/K, gives the temperature range of

validity for the corresponding rate parameters. For some reactions only

one temperature is given, meaning that the reaction was studied only at

one temperature. If no temperature is indicated, it means that the

kinetic parameters of the corresponding reaction are valid throughout.

The data estimated by Benson and Golden in their report "Estimating the

Kinetics of Combustion" (75 BEN/GOL) are in this category. The temperatures

are aligned with the short references given in column 1, as well as with

the reaction order given in column 2.

Column 6 , with the heading A, gives the value of A for the equation

D

k = AT exp(-E/RT). A is expressed as a number less than 10 followed by

the exponent in parenthesis, e.g., 3.5 (+ 14) should be read as 3.5 x

+ 1

4

10 . The coefficient of the A factor has no more than one digit after

the decimal point. The units of the A factor are the same as for the

rate constant. For those cases when the recommended value is only for

one temperature , the entry under this column is in fact the value of

the rate constant k at this temperature. The data for the A factor are

aligned with the short reference and reaction order information. If a

dash appears in this column, it means that no A factor value was reported

by the evaluator for the corresponding reaction. In such a case a rate

ratio is given in column 4.

Column 7 , with the heading B, gives the value of B for the equation

B _
k = AT exp(-E/RT). The value of B usually lies between 0 and 4, negative

or positive. No more than one digit is given after the decimal dot. A

dash in this column means that no B value was reported by the evaluator.

The data for B are aligned with the short reference and reaction order

information.
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Column 8 , with the heading E/R, indicates the value of E/R for the

D

equation k = AT exp(-E/RT). Since E is the activation energy in cal

mol"^ and R the gas constant with a value of 1.987 cal mol K *
, it

follows that the units of E/R are kelvins. The values given in column 5

for E/R may vary from 0 to over 100000 kelvins. The E/R values may be

positive or negative. Some of the E/R values included in the table are

followed by an uncertainty with plus or minus signs. As pointed out in

the introduction, these uncertainties may be ignored, as they are included

in the lower and upper k factors indicated in the right column of the

table. A dash in this column means that no E/R value was reported by

the evaluator. The values for the E/R factor are aligned with the

short reference and reaction order information.

Column 9 , with the heading "k factors" and two subheadings, "f" and

"F", indicates the two uncertainty k factors, the lower factor f in the

left subcolumn and the upper factor F in the right subcolumn. To find

the uncertainty limits of a reaction, its rate constant is to be multiplied

by the two factors, as shown in (1): fk
Q

< k < Fk
Q

. The values of both

factors are always positive. If no uncertainty limits are indicated by

the evaluator, both subcolumns of the column 6 are left blank. The k

factors are aligned with the short reference and reaction order information.

Ordering of chemical reactions .

The general rule for ordering the chemical reactions listed in

column 1 of the table is the standard order of arrangement as described

in NBS Technical Note 270-3 . A detailed discussion of this rule was

presented in the introduction to the publication noted in the preceding

footnote (NBSIR 79-1941/1979, or NSRDS-NBS 67/1980) - and will

* Wagman, D.D. , Evans, W.H., Parker, V.B., Halow, I., Bailey, S.M. , and
Schumm, R.H., "Selected Values of Chemical Thermodynamic Properties,"
NBS Tech. Note 270-3 pgs. 5, 16, 22 (1968).
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not be repeated here. It suffices to say that this rule is applied to

the first reactants of the reactions listed in this table, as well as to

the reactants following the first, and that the first reactant of a

reaction takes precedence over the following ones. The compounds listed

in the Table of Contents, which give only the first reactants of the

chemical reactions included in this work, are in the standard order (S,

S
2

, SO, S0
2

, S0
3

, S
2
0, SH, H

2
S, CS, CS

2
, COS, CH

3
S-, cy-CH

2
CH

2
S, etc.)

and are each part of the S_-0-H-C system. (The first reactant always

includes an S atom, and may include any of the 0, H, or C atoms). The

second, or the third reactants may include any of the 0, H, S, N, or C

atoms, and this sequence - arranged according to the standard order -

defines the 0-H-S-N-C system.

A number of second and third order reactions includes a second

and - respectively - third body M. For this type reactions, M will always be

placed after all other reactants , (e.g. : S0
3

+ M -* S0
2

+ 0 + M, or SO

+ 0 + M - S0
2

+ M).

Most of the chemical reactions included in the table are balanced.

There are a number of reactions with unspecified products. In such a

case, the word "products" appears after the arrow (e.g.: S0
2

+ H0
2

->

products)

.

Display of Chemical Reactions and Formulae

In order to define the reaction products, the reactants are written

using semi -structural formulas. All saturated normal hydrocarbons are

written so as to show separately each methyl and methylene group in the

chain: CH^, CH
3
CH

3
, CH

3
CH

2
CH

3
. Unsaturated hydrocarbons are written so

as to show the position of double or triple bonds. The unpaired electron
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of an alkyl radical is always indicated, with the exception of Methyl

free radical, e.g.:

Methyl free radical CH^ (no dot)

Ethyl, 1 -methyl-, free radical (Isopropyl) (CH^CH*

Methyl, hydroxy-, free radical

Methyl thio free radical

•ch
2
oh

ch
3
s-

If the unpaired electron of an alkyl radical belongs to a carbon in

the middle of the chain, it is indicated inside a parenthesis following

the carbon atom, e.g.:

Propyl, 1 -methyl-, free radical (sec-Butyl) CH
2
CH

2
CH( • )CH

2

If the oxyaen atom of an oxy radical is attached to the terminal

carbon atom, the radical is written in the usual manner: CH^O. If the

oxygen atom of the oxy radical is attached to a C atom in the middle of

the chain, then the oxygen atom, together with the unpaired electron,

are inside a parenthesis following the C atom: (CH
2

)
2
C(0‘ K^CH^.

The rules for writing peroxo, and other free radicals are the same as

for the oxy free radicals: CH^*, CH^S.

Atoms, like 0, H, S, N, C, and simple radicals like OH, HO^ , SH,

NH, CH, CH
2

, CH^, CS, CN are written without dot.
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