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Rate Constanis for the Reactions of Atomic Oxygen (O 3P ) With Organic Compounds in the

Gas Phase

John T. Herron and Robert E. Huie

Institute for Materials Research, National Bureau of Standards, Washington, D.C. 20234

Rate constants for the reactions of atomic oxygen (O 3P) with organic compounds in the gas phase
are compiled and critically evaluated. Data are given here as originally reported in the literature for
a total of 107 organic reactants. From a critical evaluation of the data, recommended values for rate
constants are given over specified temperature intervals, and where possible at 298 K and 1000 K.
Estimated error limits are assigned to all recommended values.

Key words: Atomic oxygen; chemical kinetics; compilation; critical evaluation; gases; organic com-

pounds; rate constants.
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1. Introduction

1.1. General

This compilation presents. in tabular and graphical
form, experimentally derived rate data on the gas
phase reactions of atomic oxygen in its ground electronic
state (3P} with organic compounds. Where the data
are considered to be of sufficient reliability, recom-
mended values of rate constants have been chosen at
particular temperatures or over specified temperature
intervals. Included are estimated upper and lowe:
error limits on the recommended rate constants.

1.2. literature Coverage

The period covered is from about 1957 through mid
1972. Papers published through late 1972 are included
where possible. The earlier literature is covered in the
reviews by Steacie [153],! Kaufman [117], and Cvetanovic
63} )

1.3. Arrangement of Tables

Three kinds of tables are given. The first is a table of
the recommended rate constants derived from a con-
sideration of the reported experimental data. The upper
and lower error limits are based upon estimates of the
reliability of the experimental methods used in ob-
taining the data, and upon the number of independent
cxperiments performed on the system. Error limite are
given in terms of multiplying factors rather than the
more usual plus or minus notation. If, for example, the
upper and lower error limits on a rate constant k are
given as 1.5 and 0.6, then the rate constant is estimated
to be between 1.5 k£ and 0.6 k, or the rate constant is
kE(*%3). The recommended values are valid only at
the specified temperatures, or the specificd
temperature intervals. Extrapolation beyond these
ranges should be undertaken with caution, particularly
at higher temperatures where other reaction mech-
anisms may contribute to the overall rate constant. For
convenience we have in many cases given the rate
constlant at 298 K and 1000 K based on extrapolations.
In these cases (all noted in the tables) larger error limits
normally have been assigned.

over

' Figures in hrackets indicate literature references.
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The second set of tables consists of compliations of
the reported rate measurements on the reactions of
atomic oxygen with organic compounds. Included in
these tahles are the results of absolute rate measure-
ments taken, with a few exceptions which are noted,
from tables and graphs reported in the literature. In
addition, absolute rate constants derived from relative
rate measurements are included in these tables. In the
“No.” column we give the number of individual rate
measurements if this information can be ascertained
from the paper. In the “Comments’’ column we briefly
indicate the experimental technique used to obtain the
data. These are discussed more fully in the next section.
Error limits, where given, are those reported in the
original source. In some cases, as indicated by footnotes,
the data have been adjusted to account for the reaction
stoichiometry or chain length. Where there are exten-
sive data from different sources, we give the recom-
mended values as a final entry. Otherwise the recom-
mended values are not given in this section. Arrhenius
plots are given whenever there are data covering a
reasonable temperature interval. Solid lines are used to
indicate the approximate temperature range over which
the recommended values are valid. Dashed lines are
extrapolations. In these tables and the tables of recom-
mended values, an asterisk (*) on a reference number
means that data from that source were used in deriv-
ing the recommended value.

The last set of tables gives relative rate measure-
ments and the absolute values derived from them. These
relative rate constants have been put on an absolute
basic hy chansing certain reactants as standards. using
the recommended values of this compilation. These
standard reactions are indicated in the tables.

1.4. Experimental Techniques

Here we briefly describe the experimental techniques
indicated in the comments column. Further details may
be found in the referenced papers.

Discharge flow—Oxygen atoms are produced in a gas
stream either by the dissociation of molecular oxygen
in an electrical discharge (microwave, radio frequency,
condensed, etc.), or by the dissociation of molecular
nitrogen and the subsequent reaction N+ NO— N:+ O.
The stable reactant is added downstream and the reac-
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tion monitored using one of several analytical techniques
[109, 117].

Discharge flow-e.s.r.—A discharge flow system in
which oxygen atoms are monitored using electron spin
resonance spectroscopy. Kinetic measurements are
performed usually with the stable reactant in excess [9].

Discharge flow-mass spectrometry— A discharge flow
system in which reactants are monitored using mass
spectrometry. Kinetic measurements are performed
usually with atomic oxygen in excess [76].

Discharge flow-air afterglow— A discharge flow system
in which oxygen atoms are monitored using the emis-
sion from the chemiluminescent reaction O+ NO—
NO, -+ Av [10].

Discharge flow-final products— A discharge flow sys-
tem in which the final reaction products are trapped
in a cold trap and then analyzed. Rate constants are
determined from the rate of accumulation of one or more
of these products [131].

Discharge flow—CH™ chemiluminescence— A discharge
flow system in which the reaction is monitored using
the CH (42A—X2I1) emission. Applicable to the
actelylenc rcaction only [36].

Hg photosensitized decomposition of N»O—Oxygen
atoms are produced by the mercury photosensitized
decomposition of nitrous oxide in a static system.
Relative rate constants are determined by the com-
petition of stable reactants for the oxygen atoms
[63].

Flow photolysis of NO,— A flow system in which the
oxygen atoms are produced by the photolysis of NO.,
[17].

Flash photolysis-resonance fluorescence— A  static
system in which oxygen atoms are produced by the
flash photolysis of molecular oxygen or other source
compounds. The decay of atomic oxygen in an excess
of another reactant is monitored using the fluorescence
of atomic oxygen resonance radiation [104].

Flash photolysis-kinetic absorption—Oxygen atoms
produced as in flash photolysis-resonance fluorescence,
and the atom decay monitored using the absorption of
the resonance radiation [104].

Pylsed photolysis-air afterglows—The production of
oxygen atoms by the mercury photosensitized decom-
position of nitrous oxide is modulated by modulating
the mercury resonance radiation and the atom con-
centration monitored using the reaction O+NO—
NO:-+ hv. Rate constants are determined from the
phase shift between the air afterglow signal and the
photolysis radiation [128].

Flash photolysis-air afterglow— Atomic oxygen is
produced both by the direct flash photolysis of NO and
the subsequent reaction N+ NO — N,+ 0. The atom
concentration is monitored using the reaction O + NO —
NO.+ hv[124]

Flash photolysis-kinetic spectroscopy— Atomic oxyvgen
is produced by the flash photolysis of a source com-

pound and the reaction monitored by observing the
formation of a reaction product, for example CS from
O+ CS,—>CS+8S0. Relative rate constants are
measured by adding a second reactant to compete
for the oxygen atoms [55].

Pulse radiolysis—A reaction cell is filled to a high
pressure, typically 5 MNm-2, with a dilute mixture of
CO» and an organic reactant. An electron pulse imping-
ing on the reaction cell through an aluminum window
produces oxygen atoms. Rate constants are determined
by measuring the rate of formation of a transient species
using absorption spectroscopy [67].

Flame structure—Rate constants are determined by
measuring the rate of disappearance of hydrocarbon
in a premixed hydrocarbon-oxygen-hydrogen flame. The
rate constant is determined hy relating this rate to the
calculated concentration of atomic oxygen [70].

Ignition limits— A mixture of CO. O.. and an organic
reactant is heated and the ignition limit determined.
If the mechanism of the primary oxygen atom-hydro-
carbon reaction is known, the rate constant may be
determined [62].

Shock tube— A mixtuie of CO, G:o. and Ar ventaining
a small amount of hydrocarbon is shock heated and the
CO: concentration profile measured using infrared
emission. Rate .constants are calculated {rom the effect
of the hydrocarbon on the CO. buildup [105].

Theoretical—Rate constants for atomic oxygen de-
struction reactions determined using the hond energy-

bond order (BEBO) method {69].

1.5. Criteria for Evaluation

The tables of rate data contain material {rom many
sources, both absolute and relative in nature. In choos-
ing a recommended rate constant, we have in general
given greater weighi to absolute rate measurements. In
turn, we have given greatest weight to absolute measure-
ments based on a measurement of the rate of reactant
loss rather than on the rate of formation of products. It

is not always clear that a measured or reported rate
constant refers to an elementary reaction. In some cases,
it is necessary either to know. or to make assumptions

about the nature of subsequent reactions hefore the
primary reaction rate constant can be determined. Thus
if a rate constant is based on the rate of decay of a
reactant which is consumed in a secondary reaction,
then the measured rate constant must be corrected by
means of a stoichiometry factor or chain length in order
to arrive at the correct rate constant for the primary
reaction. Unrecognized secondary reactions which con-
tribute to the decay of a reactant being measured would
lead to erroneous results. In this evaluation, a primary
criterion for the use of a set of rate data in choosing
recommended values is the degree to which the exper-
imental conditions are clearly defined. All rate data
based on the collection and analysis of the final products
of reactions from discharge-flow systems have been re-

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973
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jected. In such experiments the nature of the final
products usually depends upon a complex multistep
mechanism. The present knowledge of such systems
is, in most cases, inadequate to relate directly the final
products. observed in a discharge-flow system to the
primary atom-molecule reactions. A more detailed dis-
cussion of the choice of recommended values will be
found in part 3. More general discussions of experi-
mental methods which have been used in these studies
and the mechanisms of the reactions of atomic oxygen
with organic compounds can be found elsewhere
[63, 117, and 202].

1.6. Units

SI (Systéme International) units are used throughout.
Rate constants are reported in units of cubic centi-
meters per mole per second. The temperature de-
pendence of the rate constant is given only in the form
of the Arrhenius equation k=4 exp(—E/RT), in which
the activation energy E is replaced by the quantity E/R
in units of absolute temperature.

Conversion factors used are as follows:

R=8.314 J deg™! mol~1=1.987 cal deg~! mol~1.

1 cal mol-1=4.184 ] mol-1.
1.7. Concluding Remarks

Measurement techniques in the field of gas kinetics
have reached the point at which accuracy statements

approaching = 10 percent are becoming credible. There
are, however, several cases in which reported rate
constants from different laboratories, each .with an
expected experimental uncertainty of about 10 percent,
differ by as much as an order of magnitude. Unfortu-
nately, we have not always been able to determine the
causes of these discrepancies and unambiguously choose
the better data. The areas of disagreement are discussed
more fully elsewhere [202]. In some cases, therefore,
our choice of a recommended rate constant was based
on the total volume of data or the general consistency
of an experimental technique when applied to a whole
class of reactions. Newer and better measurements
may prove us wrong. We recognize that our own in-
volvement in the measurement of many rate constants
reporied here could lead to bias in the choice of recom-
mended values. We know of no solution to this problem
other than the criticism of the producers of the data and
the users of these tables.

We thank Kay V. Fadely, Larry Ketron, and Margaret
J. Moore for their assistance in the preparation of this
compilation. The advice and encouragement of David
Garvin, Lewis H. Gevantman and Henry M. Rosenstock
are gratefully acknowledged. We also thank R. J.
Cvetanovic for permission
publication.

to use data prior to

2. Recommended Values

In this section we give recommended rate constants
for the reactions of atomic oxygen with organic com-
pounds. These values are based upon an evaluation
of the data given in detail in parts 3 and 4 of this work.

The basis for the selection of data used in arriving at
a recommended value is found in part 3. Arrhenius
plots, where given, are also given in part 3.

TABLE 1. Recommended rate constants for the reactions of atomic oxygen with alkanes
Error limits
Reactant T,K Rate constant, cm® mol~1 s=! Bibliography
Upper Lower
Methane 350-1000 | 2.1 X 108 exp (—4550/T) 1.3 0.7 1, 3, 4%, 5%, 6,
1000 2.2 X 101 1.3 0.7 9, 29*, 69,
298 ~1X 1072 2 0.3 70, 75*, 84,
' 93, 99%, 105
Ethane 298650 | 2.5 X 103 exp (—3200/T) 1.3 0.7 6. 9%, 13, 60%,
1000 1.0 X 10122 1.5 0.6 61, 69, 75*,
298 5.5 X 108 1.3 0.7 99*, 133
Propane 298 9 x 10° 2 0.7 13%, 62, 119,
129*
n-Butane 298-650 | 3.0 X 103 exp (—2920/T) 1.3 0.7 7, 8, 10%, 58,
+ 4.6 X 1013 exp 60*, 62, 98,
(—2410/T)® 119, 129,
1000 5.8 X 10122 1.5 0.6 133
298 1.6 X 1010 1.3 0.7

J. Phys, Chem. Ref. Data, Vol. 2, No. 3, 1973
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TABLE 1. Recommended rate constants for the reactions of atomic oxygen with alkanes— Continued
Error limits
Reactant T.K Rate constant., cm?® mol-1 s-! Bibliography
Upper Lower :
n-Pentane 298-650 | 2.9 X 103 exp (—2920/T) +8.0 1.3 0.7 60*
X101 exp (—2320/T)®
1000 | 9.6 X 1012 # 1.5 0.6
298 | 3.5 X 10 1.3 0.7
.2,2.Dimethylpropane 298-650 5.9 X 10" exp (—2920/T) 1.4 0.7 7,60*
1000 | 3.2 X 1¢m= = 1.5 0.6
298 | 3.3 x 10 1.4 0.7
2-Methylbutane 307 (8.0 X 10 1.4 0.7 60*
n-Hexane 298-650 2.9 X 10" exp (—2920/T) 1 1.1 1.3 0.7 60*
X 101 exp (—2250/7)"
1000} 1.3 x 101 ® 1.5 0.6
298 | 5.6 x 10 1.3 0.7
2.3-Dimethylbutane 298~-650 5.9 X 10™ exp (—2920/7) + 3.1 1.3 0.7 60*
X103 exp (— 1650/7)"
1000 { 9.1 x 1002 1.6 0.5
298 | 1.2 X 10v 1.3 0.7
n-Heptane 298650 2.9 X 101 exp (—2920/7) + 1.2 1.3 0.7 58.60%
X 107 exp (—2190/1%"
1000 | 1.5 X 10 # 1.5 0.6
298 | 7.7 X 101 1.3 0.7
2.2-Dimethylpentane 307 | 6.5 X101 14 | 0.7 60%
2.4-Dimethylpentane 307 |1.0 x 1on 1.4 } 0.7 60*
n-Octane 298-650 2.9 X 10" exp (—2920/T) 4 9.3 1.3 0.7 2. 60*
X 1013 exp (—2030/7)" )
1000 | 1.3 x 103 1.5 : 0.6
298 | 1.0 x 10" L30T
2,2,4-Trimethylpentane 307 15.5% 101 is 106 58, 60*
2.3.4-Trimethylpentane 307 |3 x 10w 1.5 : 0.6 60*
1
2,2,3,3-Tetramethylbutane 307 | 8x10¢ 1.5 g 0.6 60*
j
2 Note that this value is based on an extrapolation.
" The rate constant is given as the sum of the rate constants for abstraction of primary and secondary hydrogen

atoms. See section 3.1.

¢ The rate constant is given as the sum of the rate constants for ahstraction of primary and tertiary hydrogen atoms.

See section 3.1.

TABLE 2. Recommended rate constants for the reactions of atomic oxygen with cycloalkanes

Error limits

Reactant T,K Rate constant. em® mol ! s Bibliography
Upper Lower
Cyclopropane 298 |5x 108 2.0 0.5 12*, 13%, 88
Cyclobutane 298 |7 x 10¢ 2.0 0.5 12%
Cyclopentane 298-650 1.3 X 10% exp (—2210/T) 1.3 0.7 12, 102%
) | 1000 1.4 X 1sn 1.5 0.6
| 298 7.5 % 107 1.3 0.7
|
Spiropentane i 298-650 4.0 X 10" exp (—2890/T) 1.3 0.7 102*
1000 2.2 x 1012 1.5 0.6
298 2.5 % 10" 1.4 0.7
Cyclohexane 298-650 2.2 X 10" exp (—2350/T) 1.3 0.7 12, 47, 102*
1000 2.1 X 10132 1.5 0.6
208 8.3 X 1010 1.3 0.7

471
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TaBLE 2. Recommended rate constants for the reactions of atomic oxygen with cycloalkanes — Continued

Error limits

Reactant T,K Rate constant, cm® mol-1 5! Bibliography
Upper Lower
Cycloheptane | 298-650 (2.9 X 10* exp (—2230/T) 1.3 0.7 102*
[ 1000 3.1 x 10t 1.5 0.0
298 1.6 x 10% 1.5 0.7

|

2 Note that this value is based on an extrapolation.

TABLE 3. Recommended rate constants for the reactions of atomic oxygen with haloalkanes

Error limits

I
|
Reactant Rate constant, cm?® mol-1? s-? Bibliography
Upper Lower |
Chloromethane 350-1000 |1.7 X 103 exp (—3690/T) 1.3 0.7 —? 53%*, 76
1000 4.3 x 101 1.3 0.7 |
| 298 7.2 1072 15 06 !
Bromomethane ‘ 350-1000 3.0 X 1013 exp (—3800/T") 2.0 0‘5 53*, 76*
‘ 1000 7 X 101 2.0 0.5
Tetrachloromethane 270-380 2.0 X 10 exp (—2260/T) 1.5 0.6 42%, 84
] 298 1.2 X 107 | 15 0.6
| :
Chloreethane | 340-650 4.8 10% exp (~3330/T) |13 0.7 |76
i 1000 1.7 X 10122 1.5 0.6
| 298 6.7 X 1082 1.5 0.6
|
Bromoethane 340-650  |3.1 X 102 exp (—3260/T) 1.3 0.7 76*
1000 1.2X 10122 1.5 0.6
298 5.6 X 10%¢# 1.5 0.6
2-Chloropropane 340650  |{2.6 X 1023 exp (—2620/T) 1.3 0.7 76*
1000 1.9 X 1013 1.5 0.6
298 4.0 X 1092 1.5 0.6
2-Bromobpropane 340-650 2.3 X 10% exp (— 2700/ 1.3 0.7 1 76*
1000 1.6 X 10122 1.5 0.6 [
298 2.8 x 1092 1.5 0.6
2-Chlorobutane 340-650 |3.6 X 101 exp (—2530/T) 1.3 0.7 | 76"
1000 | 2.8 X 10124 1.5 0.6 i
298 | 7.2X 10%@ 1.5 0.6
1-Chloro-2-methylpropane 340-650 3.6 X 1013 exp {(—2520/T) 1.3 0.7 76*
298 7.7 X 10¢ 1.5 0.6
2-Chloro-2-methylpropane 340-650 2.6 X 1033 exp (—3010/T) 1.3 0.7 76*
1000 1.3 x 10122 1.5 0.6
298 1.1 x 1002 1.5 0.6
|
1-Bromobutane 340-650 4.4 X 1013 exp (—2680/T) 1.3 i 0.7 76*
1000 3.0 x 10122 1.5 ! 0.6
298 5.5X 1002 1.5 ‘\ 0.6
1-Bromo-2-methylpropane 340-600  |3.4 X 10" exp (—2510/T) 1.3 0.7 76*
298 7.4 X 1092 i 1.5 0.6
1-Chloro-2,2-dimethylpropane 340-650 3.2 X 101 exp (—2670/T) L3 0.7 76*
1000 (2.2 X 1012* 1.5 0.6
298 |4.0x 1002 I 15 0.6
1-Chloroheptane 298 8 x 101 1.5 0.6 76*

2 Note that this value is based on an extrapolation.
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TABLE 4. Recommended rate constants for the reactions of atomic oxygen with alkenes, alkadienes, and cycioalkenes

| ; Error limits
Reactant T, K Rate constant, cm?® mol~! s-1 ! Bibliography
Upper Lower
Ethylene 200-500 | 3.3 X 102 exp (—565/T) 1.2 0.8 110,19, 25,29,
298 4.9 x 101 1.2 0.8 57,68, 71,
72, 817, 104,*
126, 128,
150, 199
Propene 200-500 | 2.5 X 102 exp (—38/7T) 1.2 08 | 13.14, 4. 57,
- 298 2.2 X 1032 1.2 0.8 19, 126, 128,
149%,'150,
166, 199
1-Butene 180-500 | 2.3 X 1012 exp (~25/T) + 9.6 1.2 0.8 | 11,13, 14, 16.
X 1012 exp (~990/T)# 19, 26, 128,
298 2.3 X 1012 1.2 0.8 150, 166 %,
199
cis-2-Butene 250-500 |5.9 % 10 exp (+ 165/T) 1.2 0.6 2, 14, 19,
298 1.0 x 1013 127, 128,
130*
trans-2-Butene 298 1.4 %10 1.3 0.7 2, 14,% 92,
127
2-Methylpropene 298 ;1.2x 10 1.3 0.7 | 11%,14% 19,
\ 26%, 55%, 57,
128, 150,
199
1,3-Butadiene 298-400 | 3.4 X 1012 exp (+380/T) 1.3 0.7 121*
298 1.2 X 1013 1.3 0.7
1-Pentene 298 2.8 X 1032 1.3 0.7 17*
cis-2-Pentene 298 1.1 X 1013 1.3 0.7 14%, 17%
2-Methyl-2-butene 298-400 3.9 X 102 exp (+680/T) 1.3 0.7 11%, 199
. 298 3.8 x 1013 1.3 0.7
1-Hexene 298 3.1 X 1012 1.3 0.7 | 127*
2.3-Dimethyl-2-butene 298-400 3.4 X 10" exp (+790/T) 1.2 0.8 11, 14, 130*
298 4.8 X 1013 1.2 0.8 199
Cyclopentene 298-400 3.3 X 1012 exp (+430/T) 1.3 0.7 11*
298 1.4 X101 1.3 0.7
Cyclohexene 298-400 2.8 X 102 exp (+460/T) 1.3 0.7 11*
298 1.3 X 1012 1.3 0.7

#The rate constant is given as the sum of two rate constants. See section 3.4,

TABLE 5. Recommended rate constants for the reactions of atomic oxygen with haloalkenes and haloalkadiencs

Error limits
Reactant T K Rate conetant, em3 mol -1 -1 Riblinpraphy
Upper Lower
Fluoroethylene 307 2.6 x 1ou 1.3 0.7 77%
Chloroethylene 307 5.2 x 101 1.3 0.7 77
Bromoethylene 307 4.9 x 101 1.3 0.7 77%
1,1-Difluoroethylene 307 2.2 x 101 1.3 0.7 T7*
1.2-Difluorcethylene 307 2.7 X 101 1.3 0.7 7
Tetrafluoroe:hylene 298-500 7.7 X 104 exp (—100/T) 1.4 0.7 13*, 16%*, 32
298 5% 106 1.4 0.7

473
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Tanir 5 Recommended 1ate constants for the reactions of atomic oxygen with haloalkenes and haloalkadienes — Con.

o ] Error limits i

Reactant T.X ! Rate constant, cm?® mol—! s-* - Bibliography

. Upper Lower
2-Fluoropropene 296 1.2 X 1012 1.4 0.7 79*, 83*
3-Fluoropropene 296 5.1 x 101 1.4 0.7 79*, 83*
1,1-Difluoropropene 296 1.1 X 1012 1.4 0.7 79%, 83%
3,3,3-Trifluoropropene 296 2.6 X 10 14 0.7 44*, 79*, 83*
Hexafluoropropene 298-500 3.6 X 10M exp (—900/7) 1.4 0.7 13%, 15%
298 } 1.7 x 1010 1.4 0.7

4-Fluoro-1-butene 296 ‘ 1.5 X 1022 14 0.7 79%, 83
1,1,2-Trifluore-1-butene 296 2.0 X 102 1.4 0.7 79%, 83
2-Trifluoromethylpropene 296 2.0 x 101 14 07 44%, 79* R3*
1.3-Hexafluorobutadiene 305 2.5 % 101 1.4 0.7 129%

TaBLE 6. Reconunended rate consiants for the reactions of atomic oxygen with alkynes and alkadiynes

Error limits
Reactant T,.K Rate constant, cm® mol~* s-! Bibliography
Upper Lower
Acetylene 200-700 1.4 X 10" exp (—1500/T) 1.2 0.8 13,29%,30*,
1000 3.3x10122 1.4 0.7 31,33%,35%,
298 9.5 X 101 1.1 0.9 36,37*%,51%,
56,80*, 86%,
89, 91, 126*
Propyne 298 4101 2.0 0.5 29*
Butadiyne 300 9 X 101 14 0.7 ' 34%, 35%.

3 Note that this value is based on an extrapolation.

TABLE 7. Recommended rate constants for the reactions of atomic oxygen with benzene, substituted benzenes and

pyridine
Error limits
Reactant T, K Rate consiant, cm?® mol=* §~* Bibliography
Upper Lower

Benzene 250-500 | 2.0 X 1012 exp (—2000/T) 2.0 0.3 45,47, 67%,

! 298 | 2.4 X 1010 2.0 0.3 187*
Fluorobenzene 298 2.7 X 101 2.0 0.5 677,90
Chlorebenzene 298 |3.1 X 101 » 2.0 0.5 67*
Toluene i 298 | 1.4 x 100 2.0 05 | 52% 67*,90
Ethylbenzene 298 |3.2x 10m 2.0 0.5 67*.90
1,2-Dimethylbenzene 298 |6.7 x 10 20 0.5 | 67%,90
1.3-Dimethylbenzene 298 | 7.7 X 109 2.0 0.5 67%, 90
1,4-Dimethylbenzene 298 |4.5x 101 2.0 0.5 67%, 90
Pyridine 298 |1.0 X 10" | 2.0 0.5 67*
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TABLE 8. Recommended rate constants for the reactions of atomic oxygen with alcohols, aldehydes, and miscellaneous
oxygen-containing compounds

Error limits
Reactant 7,K Rate constant, cm? mol~1 51 Bibliography
Upper Lower
Ethanol 298 | 8.7 X 10 1.5 0.6 40, 59*, 65
Isopropanol 298 1.3 X 101 1.5 0.6 39*
Ketene 298 | 5.3 x 101 1.3 0.7 82*
Ethylene oxide 298 7% 108 1.5 0.6 58%
Formaldehyde 300 | 9.0 X101 1.3 0.7 78*, 105
Monodeuteroformaldehyde 300 | 4.9 x 10 1.3 0.7 35%, 51*
Dichlurolurmaldehyde 292 6 > 10¢ 2.0 0.5 A2*%, 77
Acetaldehyde 298-500 1.4 X 1013 exp (~1140/T) 2.0 0.5 41, 46*, 50*
-298 3.1 x 101 2.0 0.5 66
Dimethy] ether 200-500 | 5.9 X 1012 exp (—1520/T) 1.3 0.7 48, 49, 58, 92,
298 3.4 X 1010 1.3 0.7 141*

3. Absolute Rate Constants

3.1. Alkanes

The only directly measured rate constants for these
reactions have been obtained using discharge flow
systems employing electron spin resonance, mass
spectrometry or NO chemiluminescence detection
techniques. In addition there are data derived from
relative rate measurements obiained using both flow
and static techniques. Where the data overlap, the rate
constants are, in general, in agreement within the ex-
perimental error limits of the techniques. In some of the
flow system measurements, higher rate constants were
measured at the lower temperatures than would be pre-
dicted by an extrapolation from the higher temperature
points. This effect was possibly due to reactions at the
surface of the flow tubc. For this rcason, the low tem-
perature data have been treated with caution.

The reactions of atomic oxygen with alkanes are
interpreted in terms of a hydrogen atom abstraction
mechanism,i.e.,

O+RH — R + OH.

In general, the rate constani for an abstraction reaction
depends on the strength of the C—H bond broken. Thus
the rate constants for abstraction of primary, secondary,
and tertiary H-atoms are expected to be in the order
tertiary > secondary > primary. For an alkane having
more than one kind of C—H bond the Arrhenius plot
(i.e. a plot of the logarithm of the total rate constant vs
1/T) will therefore normally be curved, the degree of
curvature depending both on the kinds and number of
C—H bonds. There are no product analysis data available
with which to determine directly the relative contribu-

tions due to abstraction at different C—H bond sites. A
non-linear Arrhenius plot, however, can be represented
as a sum of linear Arrhenius plots corresponding to
abstraction of primary, secondary, or tertiary hydrogen
atoms. Thus, 2,2-dimethylpropane, which has 12 primary
hydrogens only, was chosen as the prototype primary
hydrogen abstraction reaction. The rate constant for
this reaction, corrected for the relative number - of
primary hydrogen atoms, was subtracted from the over-
all rate constants for the other alkanes and thereby the
rate constants corresponding to abstraction from the
other C—H sites were obtained. The magnitude of the
contributions from different bond types is indicated in
the Arrhenius plots. For the n-alkanes, the upper curve
represents the total rate constant and the lower the total
rate constant for reaction at secondary C—H bond sites.
For 2,3-dimethylbutane the upper curve again repre-
sents the total rate constant while the lower represents
the total rate constant for reaction ai teritary C—H bond
sites.

It should be emphasized that non-linear Arrhenius
plots can arise for reasons other than reaction at differ-
ent C—H bond sites, and that there is no theoretical
reason to expect that Arrhenius plots should be linear.

The data on methane and ethane have been evaluated
recently [99], and that evaluation is accepted here.
For the larger alkanes, the most extensive set of data
is that of Herron and Huie [60] which is the basis for
the recommended rate constants for most of these com-
pounds. In those cases where more than one kind of
C—H bond is involved, the rate constant is expressed

as a sum of the rate constants for reaction at the different
C—H bond sites.
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TABLE 9. Rate constants for the reaction of atomic oxygen with

methane
Rate constant, No Temp. K Ref. C‘
em® mol-) -1 . p. ef. omments
2.0X 101 297-904 | 75%>* Discharge flow—
exp (-—4630/T) e.s.r
1.33+0.02 X 107 4 297
9.7 +0.3 4 363
3.6 *0.1x10% 4 419
2.6 +0.1x10° 4 516
1.15+0.03 x 100 3 605
1.37+0.05 x 101 4 904
1x10m 388-555 {424 | Discharge flow—
exp (—5000/T) * mass spec-
2.0x108 9 388 trometry
8.9 6 471
2.3x10¢ 6 494
1.1 X 101 7 555
(7.1£3.5) X 102 295~-533 5%4.¢ | Discharge flow—
exp (—3670 * air afterflow
+750/T)
2.2X107 295
6.8 368
1.1x 10¢ 485
4.2 533
(7TL2)x10 459592 292 >*| Discharge flow —
exp (—3870 e.s.r
+150/T) ~
1.2 X109 3 459
2.2 3 498
4.5 3 546
8.4 3 592
4+1.2x10* 300 81 Discharge flow
e.s.r
2.0x 10w 375-583 |6 Discharge flow—
exp (—3920/T) final
5.8 X108 375 products
3.6 X 10¢ 438
9.9 525
2.8 X101 583
(5.6+2.4) %10 843-933 1 Ignition limits
exp (—4380
+400/T)
1.6 X101 1750~2575 105 Shock tube
exp (—4000/T)
2.0x107 300 |69 Theoretical
1.0 x 1012 . 1000
2.1x 101 350-~1000 |table 1 { Recommended
exp (—4550/7) value
2.2 X101 1000
~1Xx107 298

@ Individual rate constants are the reported overall rate constants
divided by 3.8.

b Supercedes data given in reference [9).

¢ Data reported in graphical form only.

¢ Supercedes data given in reference [3).

¢ Data obtained in presence of molecular oxygen are not given.
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|4[. ® Westenberg ond deHaas (75]
10 E O Brown and Thrush [29)]
L ® Wong and Potter [4]
O Cadle and Allen [5}
013 1, w= Azatyan et ol [i]
EoN, A Avremenko et al [6]
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. f
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FIGURE 1. Arrhenius plot for the reaction of atomic oxygen with
methane.

TapLe 10. Rate constante for the reaction of atomic oxygen with

ethane
Rate constant, em® | No. | Temp. K Ref. Comments
mol~1 s~
1.8x 1013 320-589 |9a-* Discharge flow —
exp (—3070/T) e.s.T
1.2X10° 2 320
1.5 4 328
5.1+0.5 S 378
1.1 x 1010 3 424
4.0 502
1.2x 101 3 573
1.4£0.1 5 589
3.5x 108 272 752::* | Discharge flow —
1.9 300 €5
2.0x10° 338
1.0 x 1011 615
5.4 10" 313 503 6 Discharge flow ~
exp (—2620/T) final products
1.3X10° 313
2.0x 10 468
2.9 502
1.9 x 10° 2 336 |60¢* | Discharge flow—
1.4 X107 1 429 mass spec-
5.1 1 508 trometry
2.0x 1011 1 595
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TaBLE 10. Rate constants for the reaction of atomic oxygen with TaBLE 11. Rate constants for the reaction of atomic oxygen with
ethane — Continued n-butane
Rate constant, No.| Temp. K Ref. Comments Rate constant, No. | Temp.K Ref. Comments
cm® mol-? g-! cm® mol-! s-1
(8.4+3.6) X 1013 853-933 61 Ignition limits (3.0x1.0)x 108 231-433 10* Discharge flow—
exp (—3770+ exp (—2110/T) air afterglow
300/7) 3.4 X 10° 1 231
6.3 1 246
6.3 X108 300 (69 Theoretical 9.5 1 259
5.0x10% 1000 1.4 x 10" 1 280
) 3.0 1 309
2.1X10° 2 297 134 Hg photosens. 4.8 1 330
5.3 4 343 decomp. of 8.3 1 353
1.1x 100 4 398 N, O 1.06 X 101 9 373
2.8+13x 101 303-364 |133° 167 ! 43
exp (—3270+ 2.9+1.4 X 112 307-607 | 60* Discharge flow —
130/T) exp (—2920 mass spec-
5.6 X 108 303 Discharge flow — +140/T) + trometry
9.5 315 air afterglow 6.3+14%x 1013
1.5x10° 330 exp (— 2570
2.1 341 +80/T)
3.2 355 4.14 X 10° 255
3.4 364 6.35 276
1.18 X 107 276
2.5x101 298-650 table 1 | Recom- 1.25 276
exp (—3200/T) mended value 2.21 307
1.0x 102 1000 1.44 307
5.5x108 298 1.59 307
4.44 357
2 Individual rate constants are the reported overall rate constants . 6.3) 357
divided by 6.5. 4.83 357
b Data reported in graphical form only. 1.01 x 101 386
¢ Reactant C,H;D. 2.42 441
9 Relative rate measurements, see table 59. 4.82 513
6.36 532
1.24 X 102 595
1.12 603
1.00 607
1019 ¢ - 1 . r 3 6.6x108 850-930 |62 Ignition limits
L 0 + Ethane ] exp (—2320
® Westenberg and deHaos [9] b +500/T)
104 O Westenberg and deHaos [75] —
F + Sounders and Heicklen [13] 1 7.8x101 870-920 | 119 Ignition limits
L mm Azatyon et al [61] 1 exp (—2100
[ & Herron and Huie (C,HgD) [60] b +9250/T)
103 Eon < a Papadropoulos et ol [133] E
- " 4 6.6x10° 293 |7 Discharge flow —
- L N 4 final products
ol & _j
5 r 7.8x10 313468 |8 Discharge flow—
E i ) exp (—2060/T) final products
e i % 1.1x 101 313
5 1o - B - 3.3 378
s 1 60 423
- 1 1oxiov 468
1010 DN -
[ + ] 1.3 X 1010 5 307 {582 Hg photosens.
L + N 2.6 4 343 decomp. of
109 - - 5.0 5 398 N:O
F 'Y 1
i o] 2.2 10 297 [98® Hg photosens.
08 \ ) ) ) . ) AN decomp: of
0 10 2.0 3.0 4.0 N0
107, K 2.4 %1010 305 12972 Hg photosens.

FIGURE 2. Arrhenius plot for the reaction of atomic oxygen with

ethane.

decomp. of

N.O

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973



478

TaBLE 11.

J. T. HERRON AND R. E. HUIE

Rate constants for the reaction of atomic oxygen with

TABLE 12. Rate constants for the reaction of atomic oxygen with

n-butane— Continued n-pentane
Rate constant, No. Temp. K Ref. Comments
cm® mol! 5! }i:: ;(;?_Slt?ﬂ’ No. | Temp. K Ref. Comments
L7sggx 100 301-368 1133¢ |Discharge flow— 5 g1 108 307-597 | 60* | Discharge flow—
exp (—2280 air afterglow ° (2920 N
+120/T) exp ( mass spec-
A =140/T) + trometry
8.2X10 301 8.0+ X 10%
o AEx
1.3 10¢ 323 oxp (2320
1.9 330 +80/T)
2.2 342 L 1.53x 100 1 255
2.3 353 i
b oo 1.22 1 255
: 1.32 ; 258
3.0x 101 298-650 |table 1 |Recommended 2.38 216
2.43 276
exp (—2920/T) value 9
.06 276
+4.6 X 1013
2.86 276
exp (—2410/T) 472 307
5.8x 102 1000 4'02 307
0 .
1.6 X 10! l 298 4.57 307
6.90 321
2 Relative rate measurements, see table 59. 1.13 X 10 336
® Relative rate measurements, see table 58. 9.46 X 10t 338
¢ Data reported in graphical form only. 1.11 x 101 357
T T T T T T T
1014 |- O+n- Bu'to.ne . ]
X o Elias and Schiff [I0] .
LS ® Herron and Huie [60] - i
\\\\ wm Azatyan et al [62,119]
LN\ o Marsh and Heicklen [58] J
. ANN = Papadropoulos et al [I33]
10" |- \:.\‘ ~ & Avramenko et al [8] 7
- \‘\\ + Wright [7]
- - x Cvetanovic [98] -
\ .
\\\‘ A Stockburger and Heicklen [129]
T
v nle
- 0% -
° -
£ L
0
£
S L
- 1o
1010
10° | | l | ! L !
0] 10 20 30 40
0%/T, K

FIGURE 3. Arrhenius plot for the reaction of atomic oxygen with n-butane.
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‘TABLE 12. Rate constants for the reaction of atomic oxygen with
n-pentane— Continued

TABLE 13. Rate constants for the reaction of atomic oxygen with
2,2-dimethylpropane - Continued

Rate constant, No. | Temp. K Ref. Comments Rate constant, No. | Temp. K Ref. Comments
c¢m? mol-? s-! cm? mol~-1 s-!
2.11 386 5.30 386
4.30 437 8.29 437
3.78 437 7.73 437
4.32 441 9.03 441
7.23 508 1.55%x 101 508
1.16 X 1012 508 1.95 508
2.17 593 5.97 593
1.97 597 5.26 597
1.8 x10° 293 7 Discharge flow —
T T T T T T final products
o' "2\ O +n-Pentane I
BN\ ® Herron and Huie [60] | 10'4 . ' . . . : . :
ANN
\\{\ . 0 + Neopenione ]
+ N - N (2,2 -Dimethylpropane)
N N\ ;
1013 1 Ny N SN ® Herron cind Huie [60] |
N\ . o Wright {71
L N ]0I3 - \\ -
T \‘ %
. .
l_té L d
. lot — i )
E L i _ 102 - —]
) o
I s i
1 €
2]
10— — g F i
- 4 <ok -
F 4
: |
00 L 1 s 1 ' 1 t -
0 1.0 2.0 4.0 o
_ 1010 |- -
0%T,K"
FIGURE 4. Arrhenius plot for the reaction of atomic oxygen with + .
n-pentane.
TaBLE 13. Rate constants for the reaction of atomic oxygen with |
2.,2-dimethylpropane 10° ; . : - : l
(o} 1.0 2.0 3.0 4.0
Rate constant, No. | Temp. K Ref. Comments 0%, K™
c¢m3 mol~? §~? FIGURE 5. Arrhenius plot for the reaction of atomic oxygen with
2,2-dimethylpropane.
5.0+2.8X 1013 exp 307-597 160* Discharge flow —
(—2920+140/T) mass spec- TABLE 14. Rate constants for the reaction of atomic oxygen with
) trometry n-hexane
2.50 X 10° 276
2.55 216 Rate constant, No. Temp. K Ref. Comments
2.18 276 em? mol-1s-1!
3.78 307
2.94 307 2‘9ﬁ:j2 X 10 exp 307-597 60* Discharge flow —
3.42 307 (—2920 + 1.4.0/7‘) + mass spec-
3.99 307 10.772-3X 10" exp trometry
1.48 X 10 338 (—2250 = 70/T)
1.09 357 1.95 x 101° 247
8.05 X 10° 357 2.36 255
1.14 X 10 357 2.37 255
198 357 247 258
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‘Tasie 14. Rate constants for the reaction of atomic oxygen with

J. T. HERRON AND R. E. HUIE

n-hexane — Continued

Rate constant, No. | Temp. K Ref. Comments
cm?® mol~! s~}
3.86 276
3.53 276
3.16 276
3.17 276
1.15 276
6.87 307
6.19 307
6.55 307
7.50 307
9.17 321
1.46 x 101 335
1.75 336
1.40 338
2.80 357
3.18 | 386
6.57 | 437
6.45 i 437
6.07 { ‘ 41 !
1.07x 107 | s ‘I
1.18 i 508 | |
3.17 } 7 593 | !
2.9 | | 597 | |
T T T T T T T T
104 k&, O.+ n -Hexane |
!t ‘\\\ @ Herron and Huie [60] i
) -
r Y
L S\
AN
103 N -
AN 1
T L J
5o .
E
12
% 102 -
Q
=
L
L 4
nl
ie} " —:
L d
- i
|010 : 1 L 1 L | L
¢} 1.0 2.0 3.0 4.0
10%T, K™

FIGURE 6. Arrhenius plot for the reaction of atomic oxygen with

n-hexane.

TaBLE 15. Rate constants for the reaction of atomic oxygen with
2.3-dimethylbutane

Rate constant,
cm?® mol-! 51

No.

Temp. K

Ref.

Comments

59428 % 10
exp (~2020+ 140/T

+ 3.1208x 100
exp (— 1650 80/T),

307-597

60*
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Discharge flow—
mass spec-
trometry

TaBLE 15. Rate constants for the reaction of atomic oxygen with
2,3-dimethylbutane — Continued

Rate constant, No. Temp. K Ref. Comments
cm® mol~! s~!
6.80 X 1010 f 247
7.14 249
5.48 249
Q.00 254
8.40 255
7.23 255
1.12 X 100 276
9.49 X 10" 276
1.02 X 107 276
8.47 x 1010 276
1.00 x 10" 276
1.81 307
1.50 307
1.61 307
1.20 | 307
1.60 i 321
2.47 | 335
3.21 336
2.51 338
2.80 357 |
4.70 386 |
3.58 386
7.19 437
8.84 437
7.35 441
1.09 X 1072 508
1.65 508
2.95 593
2.30 597
T T T v T
10'8 t— 0+ 2,3-Dimethylbutane -
\

1013

-1

-1

@ Herron ond Huie [60]

k=3
£
12 —
e 10
Q
Xh -~
fell
. ;1
o' L | 1 1 s 1 ) |
o} 1.0 2.0 3.0 4.0
0% T, k!

FIGURE 7. Arrhenius plot for the reaction of atomic oxygen with

2,3-dimethylbutane.
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T T T T T T T T
10" Q\ O +n~Heptane —
\\\ .
L \\ ® Herron and Huie {60] i
N
\\\\ © Marsh and Heickien [58]
\
- AN i
\
\
N\
|O|3 —
.E)
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S 1012 —
lO” b
[T} io] Sm—— i ‘ I x Lo 1N
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0%/ 71, k!
FIGURE 8. Arrhenius plot for the reaction' of atomic oxygen with
n-heptane.

TABLE 16. Rate constants for the reaction of atomic oxygen with

n-heptane
Rate constant, | No. W Temp. K | Ref. Comments
cm®mol-1s-1
2.9+14X10% exp 307-597 60* Discharge flow —
(— 2920+ 140/T) + mass spec-
11.9+2-4X 10% exp trometry
(—2190£70/T)
2.52 X 1010 247
3.23 249
2.71 249
5.25 255
3.85 255
5.01 255
5.26 276
5.80 276
4,30 276
4.75 276
4.60 276
6.47 276
1.12x 101 307
8.97 x 100 307
1.04 X 107 307
1.03 307
1.27 321
2.03 335
2.25 336
1.66 338
2.16 357
4.48 386
7.96 437
8.33 437
6.96 441
1.36 X 1012 508

TABLE 16. Rate constants for the reaction of atomic oxygen with

n-heptane— Continued

Rate constam,
cm? mol-! s~!

No. | Temp. K Ref.

Commems

1.81
4.00
3.63

6.6 X 10%°
1.1x 101
2.1

508

593

597
5 307 | 582 Hg photosens.
6 343 ) decomp. of
5 398 N:0

2 Relative rate measurements, see table 59.

TaBLE 17.

Rate constants for the reaction of atomic oxygen with

n-octane

Rate constant,

cm3 mol-1-1

!

No. Temp.K | Ref. Comments

2.9+14x 101
exp (—2920
+140/T) +

9.3+12x 1013
exp (—2030
+50/T)

4.80 % 1010

1.02 x 10

9.37 x 1010

6.29

6.70

1.26 X 101

6.52 X 1010

8.52

8.96

2.13

5.74

5.05

5.77

8.12

1.36 x 101

1.39

1.20

1.09

1.07

1.711

2.73

2.30

3.11

5.02

8.80

8.82

9.22

1.59 X 1072

2.16

3.28

3.26

1.8 x 1013
exp (—2110/T)
4.6 X 101
8.4
1.26 X 101
1.99

307-597 | 60* Discharge flow —

mass spec-
trometry

247

254

255

255

255

276

276

276

276

276

276

276

276

276

307

307

307

- 307
307

321

336

338

357

386

437

437

441

508

508

593

597
353473 2 Discharge flow —
final products
353
393
423
473
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T T T | - : 1
10M £ O +n-0Octane —
\Qt\ o Avromenko,et al [2]
NN ® Herron and Huie [60] 7
N
L AN
AN
\\
1013~ N
\\\
TU)
,_g L 4
- ol —
£
© -4
~
L o i
o
|OII b ]
o o ®
L fe) [ ] 7
10 L 1 L | L 1 |
10 [e] : 1.0 2.0 3.0 1.0
10%/71, K

FIGURE 9. Arrhenius plot for the reaction of atomic

nr-octane.

oxygen with

TABLE 18. Rate constants for the reaction of atomic oxygen with
some miscellaneous alkanes
Rate constant,
No. | Temp. K Ref. Comments
cm3 mol-! s~
Propane . :
1.0 X 1014 850-930 62,119 | Ignition limits
exp (—3120
+500/T)
8.1x 109 3 297 13a* | Hg photosens.
1.6 X 1010 6 343 decomp. of
3.7 3 398 N0
9.9 x 10¢ 305 1292* | Hg photosens.
decomp. of
N0
2-Methylpropane
3.6x10° 293 |7 Discharge flow —
final products
3.5% 101 298 164° Hg photosens.
decomp. of
N0
2-Methylbutane
8.0x 10 3 307 60* Discharge flow—
mass spec-
trometry
2,2-Dimethylpentane
6.5 X 1010 3 307 60* Discharge flow—
" mass spec-
trometry

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973

TaBLE 18. Rate constants for the reaction of atomic oxygen with
some miscellaneous alkanes — Continued

Rate constant, No. Temp. K Ref. Comments
cm?® mol~! s~?
2.4-Dimethylpentane
1x 101 2 307 | 60* Discharge flow —
mass spec-
trometry
3-Methylheptane
6.5x1010 - 300 |17 Flow photolysis
of NO.
2.6 X101 298 | 17® Hg photosens.
decomp. of
N0
2,2 4-Trimethyl-
pentane
7% 1010 2 307 | 60% Discharge flow —
mass spec-
trometry
4.0 X 1010 6 307 582 Hg photosens.
5.8 5 343 decomp. of
1.1x 101 6 398 N0
2,3,4-Trimethyl-
pentane
3x 101 2 307 60* Discharge flow—
mass spec-
trometry
2,2,3,3-Tetramethyl-
butane .
8109 2 307 60* Discharge flow—
mass spec-
trometry

?Relative rate measurements, see table 59.
®Relative rate measurements, see table 65.

3.2. Cycloalkanes

There are essentially two sets of data available on the
reactions of atomic oxygen with cycloalkanes, one
covering the C;-C; compounds using discharge-flow
techniques, the other covering the C;-Cs compounds
using Hg sensitized decomposition of N2O as the atom
source. Although there is reasonable agreement between
the two sets of data at room temperature, the derived
Arrhenius parameters are not in such good agreement.
Because of their greater temperature range, the dis-
charge flow values are the basis for the recommended
values. ‘

The Arrhenius pre-exponential factors per C-H bond,
and the activation energies for the reactions of atomic
oxygen with cyclopentane, cyclohexane, and cyclo-
heptane are almost identical to those found for abstrac-
tion of secondary H atoms from alkanes, which suggests
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that the mechanisms in both cases are simple hydrogen
atom abstractions

TaBLE 20. Rate constants for the reaction of atomic oxygen with
cyclopentane — Continued

Rate constant, No. Temp. K Ref. Comments
cyclo-RH + O — OH + cyclo-R. cm?® mol-t s
In the case of spiropentane the Arrhenius parameters 5;2 Zg‘;’
are very close to those found for abstraction of primary 5'41 647
H atoms, a result in accord with the higher C-H bond 447 652
strength in spiropentane as compared with the larger ‘
and less-strained cycloalkanes. 5.2 x 10" 6 298 | 127 Hg photosens.
The data on cyclopropane and cyclobutane are not 82 8 343 dNe‘:‘)’mp' of
. . . 11
extensive enough to lead to reliable Arrhenius param- 1.3 X10 > 398 i
c‘lers and recom'mended values are given only at 298 K. » Relative rate measurements, see table 59.
These two reactions clearly need further study.
T T T T T T
TaBLE 19. Rate constants for the reaction of atomic oxygen with
14 0 +Cyclopentane
cyclopropane and cyclobutane 109, ~
RN © Huie and Herron [102]
Rate constant, No. Temp. K Ref. Comments \‘\ ® Stuckey and Heicklen {121,
cm® mol-1 s~ ™
- \\\ -
Cyclopropane 3l \\\ _
5.2%10¢° 3 298 13- * | Ilg phutusens, o \"\ B
1.2%10° 2 343 decomp. of - r ) .
2.5 2 398 N0 g r o N
.'.6 (o]
4.7x108 7 298 | 122 * | Hg photosens. E i 7
8.9 8 343 decomp. of mE 2L N
2.0 X 10° L7 398 N0 s lot -
! ~ L 4
5.4 % 108 298 | 88° Hg photosens. r
decomp. of
N:0 i
o'
Cyclobutane r
7.2 %109 6 298 | 122 * | Hgphotosens. r
1.7 X 1010 5 343 decomp. of I T
3.1 7 398 N:0
2 Relative rate measurements, see table 59. 10 N 1 ; | ) {
 Relative rate measurements, see table 65. 1o 10 20 30
0%, k™!
TABLE 20. Rate constants for the reaction of atomic oxygen with FIGURE 10. Arrhenius plot for the reaction of atomic oxygen with
cyclopentane cyclopentane.
Rate constant. No. | Temp. K Ref. Comments TARLE 21.  Rate constants for the reaction of atoamic oxygen with
cm?mol~*s~! spiropentane
1.3+9:3X 104 exp 307-652 | 102* Discharge flow — Rate constant, No. | Temp. K Ref. Comments
(—2210+100§T) mass spec- em2mol-1g-!
. trometry
1.29 X 101 307 4-.0:1]:2 X 1013 exp 337-652 102* Discharge flow—
0.99 307 (— 2890 +100/T) mass spec-
1.78 331 trometry
1.49 339 0.623 x 101 337
1.50 339 1.01 339
5.70 415 1.01 339
6.64 418 0.792 339
5.01 419 0.987 339
1.06 X 1012 479 0.614 339
1.59 493 3.77 416
2.40 548 4.47 417
3.36 557 2.26 418
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TaBLE 21. Rate constants for the reaction of atomic oxygen with TaBLE 22. Rate constants for the reaction of atomic oxygen with
spiropentane— Continued cyclohexane— Continued
" Rate constant, No. | Temp. K Ref. Comments Rate constant, No. | Temp. K Ref. Comments
cm?® mol-! g1 cm? mol-? 5!
1.18 x 101 473 1.34 X 1012 474
0.80 480 1.74 493
2.03 548 4.28 557
2.07 553 3.52 564
1.61 564 6.23 631
5.44 647 1.74 647
5.48 651 5.33 652
5.35 652
- 5.4 X 1010 6 298 122 Hg photosens.
1.0x 101 7 343 decomp. of
C 1 T T T T T 1 1.6 6 - 392 | N0
L O + Spiropentane 1 54x10m 353-493 | 47 Discharge flow~
“\ . exp (—2260/T) final products
Poal ©Huie and Herron [102] 8.7 X 1010 353
| 1.9x 101 398
L 4.7 458
5.1 493
i 2Relative rate measurements, see table 59.
i 012 -
_ | r 0 + Cyclohexane h
- - = © Huie and Herron [102] .
S . ® Stuckey and Heicklen [I2]
€ L 104 b . + Avramenko et al. [47]
" L N i
(E) IO]l | i \\ 1
x- o ‘\
- . \\\\\ -
- 0% N 7
10 WL
: 'a
. E L
L2l
- § 0%
3 A ] A ! , 1 x
10 ' 10 2.0 30 L
10%7, K™
FiGURE 11. Arrhenius plot for the reaction of atomic oxygen with i
spiropentane. R
piropentane | O|| .
-
TABLE 22. Rate constants for the reaction of atomic oxygen with
cyclohexane 7
f n -
Rate constant, ! )
No. | Temp. K Ref. Comments 10 A ! . L . ]
cm? mol-! s ! : 1o 10 2.0 30
. 0%T, k™
+0.5 X 14 — * — ]
2235 %10 807-692 | 102 Discharge flow FIGURE 12. Arrhenius plot for the reaction of atomic oxygen with
exp (—2350 mass spec-
cyclohexane.
+100/T) trometry
1.42 X 101 307 TABLE 23. Rate constants for the reaction of atomic oxygen with
1.37 307 cycloheptane
1.00 307
2.12 33] Rate constant, No. Temp. K Ref. Comments
1.71 339 cm?® mol-1s-1
1.87 339
6.14 415 2.9+1.0x 101 331-652 102* | Discharge flow—
7.53 418 exp (— 2230 mass spec-
5.77 419 = 140/T) trometry
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1anE 23. Rate constants for the reaction of atomic oxygen with
cycloheptane— Continued

485

is too endothermic in the case of X = F, Cl, Br to be
important at temperatures much below 1000 K. The case
for X =1 is not so clear, however, there being evidence
that the iodine atom abstraction is rapid even at room
temperature [60].

The only extensive set of data on these reactions is
for the monochloro- and monobromoalkanes. As ex-
pected, the Arrhenius parameters are very similar to
those for the unsubstituted alkanes. Although the
Arrhenius plots are curved in some cases, corresponding
to abstraction at different C-H bond sites, there are in-
sufficient data to distinguish between contributions from
different C-H bond types to the total rate constant. The
recommended rate constants, which are based entirely
on the results of discharge-flow experiments, are thus
valid only over thc rangc of thc mcasurements. Extra
polation of the data to higher temperatures particularly
in those cases where more than one type of C-H bond
is involved, is not advised.

Data on the more heavily substituted haloalkanes are
very limited. A study of the reaction of atomic oxygen
with tetrachloromethane [42] indicated that the Ar-
rhenius activation energy was 18.8=* 1.3 kJ mol~!, a
incompatible with the minimum activation
energy required on the basis of the calculated heat of
reaction for the abstraction reaction

value

0+ CCl,— C10 +CCl;,

of 33.0x=8.4 k] mol-1. To account for the observations

the following primary reactions have been postulated
[42]

Rate constant, No. | Temp. K Ref. Comments
cm? mol-! g1
4.88 % 101 331
3.68 339
3.83 339
1.37 x 102 418
1,27 419
1.80 474
2.35 493
1.86 548
8.05 | 557
4.11 i 564
1.01 X 101 631
1.24 647
.83 i (174
§ O + Cycloheptane ’
‘\\ © Huie and Herron [102]
O N .
0°
oL
'_5
E -
"
§10%
- L
o'
10 : | L 1 s |
10 10 2.0 30
0%T, k™
FIGURE 13. Arrhenius plot for the reaction of atomic oxygen with

cycloheptane.

3.3. Haloalkanes

The reactions of atomic oxygen with the monohalo-
alkanes are probably simple hydrogen atom abstractions

0+ RX — OH + R'X,

where X represents a halogen atom.
The corresponding halogen atom abstraction reaction

O+ RX— OX+R,

0+ CCL~— COCl;+Cl,,
— CO +2Cl..
TABLE 24. Rate constants for the reaction of atomic oxygen with
chloromethane
Rat: co?—s]lan_l‘, No. Temp. K Ref. Comments
cme mo S
2.5518 X 1013 381-607 | 76 Discharge flow —
exp (—3880 mass spec-
= 220/7") tromotry
1.08 x 10¢ 381
7.4 % 108 385
9.8 385
3.48 % 109 424
2.93 434
5.22 437
6.70 448
1.12 x 1010 505
1.38 506
6.88 X 10¢ 508
1.48 X 10 513
6.15 603
3.88 603
3.51 607
3.48 607
~ 2X10% 353 | 53#* | Discharge flow—

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973
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TABLE 24. Rate constants for the reaction of atomic oxygen with TABLE 25. Rate constants for the reaction of atomic oxygen with
chloromethane— Continued bromomethane— Continued
Rate constant, No. ] Temp. K Ref. Comments Rate constant, No. | Temp. K Ref. Comments
cm?® molt 577 cm® mol~? s7!
4.8X10¢ 468 mass spec- 2 X 10u 613 | 53%* | Discharge flow—
4.3 X 101 638 trometry 1 X 1012 966 mass spec-
3.4 X101 949 trometry
1.7% 101 350~1000 | table 3 | Recommended 3.0 X 10% exp 350-1000 | table 3| Recommended
exp (—3690/T) value (—3800/T) value
4.3 x 10 1000 7.0 x 101 1000
7.2% 107 298
2 Relative rate measurements, see table 56.
3 Relative rate measurements, see table 56.
14 14
IO ™ E l IO I T ] T _{
C 7 " 3
- QO + Chloromethone 1 C O + Bromomethane
: __ N, \ 4
. ©Herron and Huie {76] N O Herron and Huie [76]
1013 = N ® Wilson and O Donovan [53] 0% N ® Wilson and O’ Donovan [53] 3
LN N L N ]
- N - r -
F I |
10%2 = 102 |
- C _ L .
w | w b i
Tt T or 1
g ol k- g [OM - 3
o [ ) - 7
3 - E - 4
I3 -
- |t -~ -
100k 100
- L
- |-
109 - 10°
b I~ N
L. - \
IOB { | |08 ] | ) | L
0 X6} 2.0 3.0 0 1.0 2.0 3.0
3 -1 -
I0%/7, K IOB/T, K [
FIGURE 14. Arrhenius plot for the reaction of atomic oxygen with FIGURE 15. Arrhenius plot for the reaction of atomic oxygen with
chloromethane. bromoethane.

TABLE 25. Rate constants for the reaction of atomic oxygen with

bromomethane
Rate constant, No. | Temp. K Ref. Comments
cm3mol~ts~!
~ 1% 10 exp 385-595 | 76" Discharge flow —
(—3500/T) mass spec-
trometry
9.6 X108 385
1.13 X 10° 385
3.47 429
2.01 433
2.70 434
3.82 448
7.81 505
6.03 508
5.10 X 101 595
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TaBLE 26. Rate constants for the reaction of atomic oxygen with

tetrachloromethane
Rate conetant, No. Temp. K Ref. Commente
cmdmol 157
2.0+0.9 X 10" exp 277-313 | 42* Discharge flow —
(~ 2260 == 150/T") air afterglow
6.63 X 10¢ 6 277
9.88 4 283
‘1.13 X 107 11 292
2.23 4 329
5.68 a 373
1.5 x 10% 300 | 84 Discharge flow—
€.8.1
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T T T T T T T
N O + Tetrachloromethane 7
\
1010 |- ™\ oUng and Schiff [42]
RN ® Froben [84] i
AN
- \, -
N
\
\\
AY
L \ 4
N\
N\
T A
L4 109 — AN 'ﬁ
T [ b 7
_o - \\ -
E L AN ]
2] \\
€ AN
3] \
- -~ \\ -
x \\\ .
108 — AN —
|o7 — (o) -
L .
) | : | L Il )
0 10 2.0 30 40
0% 71,k
FiGURE 16. Arrhenius plot for the reaction of atomic oxygen with
tetrachloromethane.
TABLE 27. Rate constants for the reaction of atomic oxygen with
chioroethane
Rate constant, No. Temp. K Ref. Comments
cm3mol-1s-!
4.8+11 X101 336-662 | 76* Discharge flow ~
exp (— 3330 mass spec-
+90/T) trometry
2.40 X 10° 336
3.23 336
2.64 339
6.32 381
6.84 385
8.15 390
2.43 X o a34
2.27 434
2.09 437
2.78 437
4.70 olo
6.47 506
7.04 513
1.81 % 101 603
1.86 603
2.58 607
2.56 622

487
\\ -
i O + Chloroethane
A © Herron and Huie [76]
10° = -
12 —
IC L 4
oo} ]
3
£ - 4
"
S0 E
s L ]
10°k |
9 N L ! i L |
10 10 20 30
0%T, k™
FIGURE 17. Arrhenius plot for the reaction of atomic oxygen with
chloroethane.
TABLE 28. Rate constants for the reaction of atomic oxygen with
bromoethane
Rate constant, No. | Temp.K Ref. Comments
cm®mol-1s!
3.1+ 3018 336—607 76* Discharge flow —
exp (— 3260 mass spec-
+110/T) trometry
1.98 x 10° 336
2.39 336
2.65 339
4.92 385
5.22 385
5.81 390
2.01 X 10w 433
1.69 434
2.13 448
5.33 503
4.99 505
3.74 508
1.37 % 101 600
1.69 603
1.56 607
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Y O + Bromoethane
i ‘\\ o Herron and Huie [76]
[hd nAN 3
- \\\ A
- ‘\ s
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\\\
\\
lolz - \\\ 7]
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o - N\ 4
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FIGURE 18. Arrhenius plot for the reaction of atomic oxygen with

bromoethane.

TABLE 29. Rate constants for the reaction of atomic oxygen with

2-chloropropane

! No.

I O +2-Chloropropane
AN © Herron and Huie [76] E
Toid AN 3
b \\ -t
N
o2 . -
T i i o
..m . ]
©
e | J
"
£ B
= r i
10 N
- \\\
- \\_
i i
9 1 1 1 I It
10 10 20 30
AN

FiGURE 19. Arrhenius plot for the reaction of atomic oxygen with

2-chloropropane.

Rate constant, Temp. K Ref. Comments TaBLE 30. Rate constants for the reaction of atomic oxygen with
cm?® mol-1 g1 2-bromopropane
2.6+8-5X 1073 exp 336-622 | 76* Discharge flow— Rate constant, No. | Temp. K W\ Ref. Comments
(—2620=70/T) mass spec- em3 mol-1s-!
: trometry -
1.13 X101 336 2.310:3x10% exp 336607 76* Discharge flow—
1.34 336 (—2700=90/T) mass spec-
1.39 339 : trometry
1.27 339 7.53 X 10° 336
1.22 343 7.85 336
3.39 304 9.92 339
4.75 429 9.65 339
5.17 437 1.55 X 101° 385
6.86 451 1.61 . 385
6.40 451 2.18 390
7.79 451 6.76 433
7.90 452 4.43 434
1.70 x 101 512 5.17 437
1.77 532 5.43 443
4.22 k 595 1.06 x 101 505
3.38 i 603 1.05 506
3.76 ‘ 606 1.15 | 513
3.29 | 607 2.91 ! 603
3.80 : 621 2.85 . 607
5.12 ‘ 622 2.91 ‘ 607
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0+ 2 - Bromopropane

IOlU.—

L n 1 e 1

. © Herron and Huie [76] T

9
10 10 20 30
%1, k™
FIGURE 20. Arrhenius plot for the reaction of atomic oxygen with
2-bromopropane.

- B
N
.
\\\ 0 + 2~ Chiorobutane :
- . © Herron and Huie [76] -
N ]
| \\\ —
L N 4
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\\
L AN 4
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\\
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F1GURE 21. Arrhenius plot for the reaction of atomic oxygen with
2-chlorobutane.

TapLe 31. Ratc constants for the reaction of atomic oxygen with Tapre 32. Rate constants for the reaction of atnmic oxygen with
2-chlorobutane 1-chloro-2-methylpropane
B;?:: ;:i)rll_s} as’i’ No. | Temp. K Ref. Comments I;::: s::]],s,t asri{; No Temp. K Ref. Comments
36338 X 1013 336—-622 76* TDischarge flow— 3.6+11x 1013 336—-607 76* Discharge flow—
exp (—2530 Inass. spec- exp (—2520 mass spec-
+70/T) trometry +110/T) trometry

2.02 x 107 336 2.31 x 1010 336

1.95 336 1.99 339

2.25 339 2.64 339

2.28 339 6.40 381

3.63 381 4.72 390

5.97 394 5.91 394

8.03 410 8.50 434

9.93 437 1.01 X 10 443

9.66 443 1.13 443 |

1.03 x 101 443 1.88 505

1.99 506 2.13 500

2.90 512 2.43 512

2.40 513 2.55 513

5.78 604 7.26 603

5.63 607 7.16 607

7.29 622 6.83 607
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FIGURE 22. Arrhenius plot for the reaction of atomic oxygen with

TaBLE 33.

1-chloro-2-methylpropane.

2-chloro-2-methylpropane

Rate constants for the reaction of atomic oxygen with

Rate constant, No. Temp. K Ref. Comments
cm® mol-! 571
2.6105X 10 336-607 | 76* | Discharge low—
exp (—3010 mass spec-
+110/T) trometry

3.34 X 10° | 336

5.22 i 339

3.33 339

7.28 ; 381

1.05 X 101° ; 390

1.65 394

1.96 410

2.46 437 |

2.32 437 i

2.70 452 |

6.40 506

8.63 512

1.65 513

2.06 X 101 603

2.08 607

1.69 607

—\\ 0+ 2 - Chloro-2 - methylpropane T
AN
o3 N o Herron and Huie [76] -
2 .
I0° N
p— r -
Iw - -
5
e} 1
L2}
§ o' -
_(- - -
=OI0r- —
9 L J L | n i \
1o 10 20 30
10%71, k™

FIGURE 23. Arrhenius plot for the reaction of atomic oxygen with
2-chloro-2-methylpropane.

TABLE 34. Rate constants for the reaction of atomic oxygen with
1-bromobutane

Rate constant, No.| Temp.K Ref. Comments
em? mol-' 5!
4.4¥00x 108 336-607 76* Discharge flow—
exp (— 2680 , mass spec-
+90/T) trometry
1.67 x 1070 336
1.62 336
2.01 339
3.41 385
3.53 385
4.86 390
9.71 433
0.34 434
9.36 448
1.94 x 10V 503
2.38 505
1.92 508
4.93 600
6.71 603
3.90 607
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h\ -~
AN O+ 1- Bromobutane
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FIGURE 24. Arrhenius plot for the reaction of atomic oxygen with

TABLE 33.

1-bromobutane.

1-bromo-2-methylpropane

Rate cunstants fur the reaction of atomic oxygen with

Ra‘f cm{f"[ an_t|, No. | Temp.X Ref. Comments
<m” mo 3
3.4+21 X 1018 336-595 | 76* Discharge flow—
exp (—2510 mass spec-
+190/T) trometry
1.87 X 101° 336
2.95 336
2.47 339
3.57 385
4.12 385
4.35 387
1.01 x 101 429
9.79 X 1010 448
2.70 x 101 ! 503
1.92 | 508
7.29 595
A

491
Y
LN J
N O +1- Bromo-2- methylpropane
Bl N © ‘Herron and Huie [76] .
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FIGURE 25. Arrhenius plot for the reaction of atomic oxygen with
1-bremo-2-methylpropane.
TaBLE 36. Rate constants for the reaction of atomic oxygen with

1-chloro-2,2-dimethylpropane

I:::ne ;l:;f,t?l]’ No. | Temp. K Ref. Comments

3.2:88 %1013 336607 6% Discharge flow —
exp (—2670 mass spec-
=+80/T) trometry

1.38 x 101 336

1.13 339

1.41 339

2.07 381

3.32 394

4.91 410

6.59 437

7.39 437

7.24 443

1.44 X 101 506

1.83 5]2

1.73 513

4.56 603

3.66 606

4.11 607

J. Phys. Chem. Ref. Dota, Vol. 2, No. 3, 1973



492

\\
RN O +1- Chiore-2,2 - dimethylpropane
R AN © Herron and Huie [76]
- N -
}‘ \\ 1
- \\ o
\,
\
\,
b \ B
N\,
\\
|0l2 o \‘\ -
\\
- \,
] \
w . -
3
£ L 4
”m
§10'F -
L .
L o .
IOIO- \\ ]
- \\
\\
AY
S ) ! ) i 2 i
1o 10 2.0 30

10%7, K™
FiGURE 26. Arrhenius plot for the reaction of atomic oxygen with
1-chloro-2,2-dimethylpropane.

TaBLE 37. Rate constants for the reaction of atomic oxygen with
some miscellaneous haloalkanes
T
Rate constant, No.| Temp. K Ref. Comments
cm? mol~t §-? l
Fluoromethane 858-948 64 | Ignition limits
7.8%X 10" exp :
(—4880£400/T)
Difluoromethane 873-953 ‘ 81 Ignition limits
2.65 X 1012 exp
(—4430/T) ‘
Trifluoromethane = 1000 534 | Discharge flow—
=2X10° mass spec-
’ trometry
Trichloromethane 300 84 Discharge flow—
1.5x 109 €.5.1.
1.2-Dichlorvethane 353473 ‘ 54 | Discharge flow—
1.2 X 10 exp final products
(—2770/T) 1 353
0.6 X 10° 2 393
8.9 I 1 433
1.61 X J05¢ ! 1 473
6.0 ‘ | !
| ‘ !
1-Chloroheptane 298 76* | Discharge flow—
~ 8% 101 ‘ i . mass spec-
i ! trometry

! I

? Relative rate measurements, see table 56.
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3.4. Alkenes, Alkadienes, and Cycloalkenes

The mechanisms of the reactions of atomic oxygen
with olefins have been studied in great detail by
Cvetanovic and co-workers [63). The general mechanism
consists of the electrophilic addition of the oxygen
atom to the double bond of the olefin followed by rear-
rangement and decomposition or stabilization of the
adduct.

There is an extensive body of both absolute and rela-
tive rate measurements for these reactions. Two sets
of absolute measurements have been made as a function
of temperature for a series of alkenes. Although these
data lead to different values of the Arrhenius param-
eters, the disagreement in rate constants is at worst a
factor of two. In our opinion the flow data are subject
to greater unceriainty because of the possibility of com-
plications due to secondary reactions, and therefore
the flash photolysis—resonance fluorescence data have
been chosen as the basis for the recommended values.
However a measurement of the rate constant at room
temperature for the ethylene reaction using the flash
photolysis — NO chemiluminescence technique [126]
gives a value about 30 percent lower than that obtained
using the flash photolysis —resonance fluorescence tech-
nique [104]. Although this is a relatively small uncer-
tainty for gas kinetic rate measurements, it is outside
the combined experimental uncertainty. We do not
know the reason for the different results, and can see
nothing basically wrong in either technique. In the case
of the propene reaction, again at room temperature, the
two techniques give identical results. Unfortunately
these are the only reactions for which data are available
using both techniques.

In general the Arrhenius plots for these reactions are
linear, the one exception being 1-butene. This has been
interpreted as arising from a competing hydrogen atom
absiraction reaction at the & C—~H bond site. The curved
Arrhenius plot was resolved into two linear plots corre-
sponding te addition and abstraction. This format is
used here for convenience, but it must be emphasized
that the argument is purely a kinetic one, and there is
no supporting evidence.

Absolute rate measurements on the cis-2-butene and
2,3-dimethyl-2-butene reactions indicate that these
reactions have negative Arrhenius activation energies.
This alse appears to be the case for 1,3-butadiene,
2-methyl-2-butene, cyclopentene, and cyclohexene
based on relative rate measurements. Conner, et al
[106] first suggested that this might be the case for
some reactions of group VI atoms, and it now has been
observed also for reactions involving atomic tellurium
[106] and sulfur [201]. The extrapolation of these rate
constants outside of the limits of the measurements
should be undertaken with caution.



RATE CONSTANTS FOR REACTIONS OF ATOMIC OXYGEN

TapLE 38. Rate constants for the reaction of atomic oxygen with

493

TABLE 38. Rate constants for the reaction of atomic oxygen with

ethylene ethylene — Continued
Rate constant, No. Temp. K Ref. Comments Rate constant, No. Temp. K Ref. Comments
cm® mol-! §~! cm® mol~! s-!
34X 102 exp 223613 19 Discharge flow— 2.18+1.11 x 101 298 72 | Discharge flow —
(—800/T") air afterglow mass spec-
2.5 %101 2 223 trometry
5.7 3 300
0.8 2 413 6 X 10 exp (—680/T) 313-503 57 | Discharge flow —
1.3X 1012 2 463 7.3 X 10° 313 final products
1.3 1 488 9.3 353
2.1 3 613 9.0 393
1.3 X 1010 403
3x 101 1400-1860 71 Flame structure 13 416
‘ 1.7 503
1.44+0.05 X 101 5 195 25% | Discharge flow —
2.05x0.1 5 226 E:8.T. 3.2+0.4x 101 298 29 | Discharge flow —
3.3+0.1 5 273
e.s.rT.
4.52.0.3 12 298
7.420.1 4 381 . .
+0.4%x 101 P lash photoly-
1.78:£0.05 X 1012 6 548 3:80.4>10 28 ) a6 F Zf:;:";f‘l’e’r
1.96+0.05 3 555 .
3.420.2 1 715 glow
1%0.3x101 g <che _
3.26+0.18 X 102 exp 232500 104* | Flash photoly- 3.120.3x10 28 ! D]:::srgse ::—w
(—565x16/T) sis-resonance 1rometrp ’
2.76 X 1011 2 232 fluorescence Y
3.42 3 256 11204 X102 exp 223-465 | 10 | Discharge flow—
4.48 1 284 .
. (—800/T) air afterglow
5.03 31 298
3.2x 101 2 223
6.35 2 341
3.5 1 243
6.91 3 379
4.1 2 258
7.62 2 398
: 5.7 1 273
8.04 2 406
.15 1 451 6.9 23 293
: 1.05 x 1012 1 350
1.09 x 1012 1 500 Loe ) 3
5.30 X 101 4 298 | 104* | Flash photoly- 1.35 1 407
sis-kinetic 1.90 2 465
absorption -
3.3 X 10%2 exp 200-500 i table 4 | Recommended
5.22 X 101 2 298 | 104 | Discharge flow— (—565/T) value
5.60 7 307 mass spec- 4.9 X101 298
trometry
4.2 X101 298 ‘ 199¢ | Pulsed photoly- .allndividual rate constants are reported overall rale constants
.. divided by 2.0.
sis-air after-
dow ® Pre-exponential factor incorrectly given as 1.4 X 10 ¢cm® mol-!
] s-1. Correct value inferred from data given in reference |74).
1.40.5X 10" exp 840-930 68" | Ignition limits ¢Rate constant is reported overall rate constant divided by 3.5,

(—4080+250/T)

4 Supercedes data given in references [128] and [150},

J. Phys. Chem. Ref. Data, Vol. Z, Ne. 3, 1973
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FIGURE 27. Arrhenius plot for the reaction of atomic oxygen with ethylene. For clarity the data of references [10}, [29],
[57), and [71] have been omitted.

TaBLE 39. Rate constants for the reaction of atomic oxygen with  TABLE 39. Rate constants for the reaction of atomic oxygen with

propene propene — Continued
T
Rate constant, No. Temp. K Ref. Comments Rate constant, No. Temp. K Ref. Comments
cm3 mol-1 571 cm® mol-! s~!
2.2+0.2x 1012 300 | 126 Flash photoly- 2.5%+0.20 X 102 exp 201-424 | 149* Flash photolysis-
sis-air after- (—38+22/T) resonance
glow fluorescence
. 2.08 x 102 1 201
1.72X 1012 exp 361-482 | 57 Discharge flow — 2.17 1 212
(~1500/T) : final product 2.04 2 230
2.6 10 361 2.14 1 241
3.0 401 2.22 14 298
6.0 453 2.32 2 333
8.8 482 2.31 2 368
2.00 1 380
2.13 1 385
.6 X 1012 Y a s.
2.6X10 298 | 14 Hg photosens 245 1 194
decomp. of
NG , .
2.07 x 10% 1 215 | 166 Flash photolysis-
2.27 5
2.3 X101 297 | 13P Hg photosens. 940 i Z;ZB ;euionz::zc
1.9 343 decomp. of ' rescence
24 398 N0 2.5% 10" exp f 200-500 | table 4| Recommended
, i ) (—38/T) 298 value
2.1 X101 296 | 79¢.44| Hg photosens. 2.9% 10t
decomp. of
V'JO
e 2 Relative rate measurements, see table 58.
2.0 X 1012 298 |199¢ | Pulsed photoly- ® Relative rate measurements, see table 59.
sis-air after- ¢ Relative rate measurements, see table 62.
glow

4 Supercedes data given in references [128] and [150].

2.9 X101 910 |74 { Ignition limits

J. Phys. Chem. Ref. Data, Vol. 2, Ne. 3, 1973
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FIGURE 28." Arrhenius plot for the reaction of atomic oxygen with

propene.

TapLE 40.. Rate constants for the reaction of atomic oxvgen with

1-butene
Rate constant, No. | Temp. K Ref. Comments
cm® mol-1! g-1 .
28 X 102 298 | 26¢ Hg photosens.
" decomp. of
N.O
2.4 %:1012 298 11999 | Pulsed photoly-
sis-air after-
glow
2.3+1.1X1012 exp 190-491 | 166 ¢ *| Flash photoly-
(—25£105/T) sis-resonance
+9.6+5.4 %1012 fluorescence
exp (—990=+220/T)
1.95% 1012 1 190
2.00 . 5 200
2.11 2 215
1.96 5 226
2.18 1 248
2.24 5 272
2.18 1 274
'2.46 10 298
2,82 1 343
2.69 3 370
3.17 1 403
3.22 3 472
3.39 4 484
3.57 1 491
1.3X 103 exp (—430/T) 223-663 |19 Discharge flow~
1.92 X 10% 223 air afterglow
312 300 :
5.10 488
6.60 663
2.6 %102 300 |19°® Discharge flow —
3.1 423 air afterglow
2.9% 101 298 {14° Hg photosens.
o decomp. of
N0
2:7X101 299 111° Hg photosens.
2.6 399 decomp. of
N:0

495

TABLE 40. Rate constants for the reaction of atomic oxygen with
1-butene— Continued

Rate constant, No.| Temp.K Ref. Comments -
cm?® mol -1 g-t
2.3 % 1012 307 |16¢ Hg phatosens.
decomp. of
i N0 ‘
1.8 % 1012 297 '113¢ | Hg photosens.
2.2 343 decomp. of -
2.5 398 N0
2.3 X 10" exp 180-500 | table 4 { Recommended
(—25/TY+9.6 % value
102 exp (—990/T)
2.3 X 1012 298

2Relative rate measurements, see table 65.
b Relative rate measurements, see table 58.
¢ Relative rate measurements, see table 59.
4 Supercedes data given in referonces [128] and [150].
¢ Supercedes data given in reference {118].

ML I T I ¥ I T ] 1 I T
O + |- Butene
© Huie et al [166]
: O Elias [I9,rel]
1.0x10'3 — ® Elias [I9, abs] -
8oL + Cvetanovic [199] i
- X Sounders & Heicklen 13]
T, 6.0 ® Cvetanovic [I1] -
- » ® A
S
E 40 .
112]
x . g
20} * a2 ou -
x
|'0“0|2 I | 1 | i J - I 1 { 1
' e} 1.0 20 30 4.0 50
1037, k!

60

FIGURE 29. Arrhenius plot for the reaction of atomic oxygen with .

1-butene.

TaBLE 41. Rate constanis for the reaction of -atomic oxygen - with.

cis-2-butene

Rate constant, No 'T‘pm‘pA K Ref. Comments
em?® mol-1 g~1
2.3 % 1013 exp 300-523 | 19 Discharge flow —
(—180/T) air afterglow
1.26 X 1013 300
1.62 523
9.2 x 1012 300 | 19® Discharge flow —
9.6 423 air afterglow
9.0 488 |

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 197%
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TABLE 42.

trans-2-butene

Rate constants for the reaction of atomic oxygen with

496
TaBLE 41. Rate constants for the reaction of atomic oxygen with
cis-2-butene — Continued
Rate constant, No. Temp. K Ref. Comments
cm? mol-! gt ’
2.55 X 10" exp 356~503 | 2 Discharge flow —
(—1900/T) final products
1.2 %10 356
2.7 413
3.8 458
6.3 503
1.1 X 108 300 | 127® | Hg photosens.
decomp. of
N, O
1.1 x10m 298 | 14°
5.8930.27 X 10" 268-443 | 130* Flash photoly-
~exp (+165=x15/T) sis—resonance
1.13x 10 1 268 fluorescence
1.07 1 270
1.03 1 273
1.03 10 298
9.09 x 1012 2 361
8.82 2 402
8.85 1 421
8.61 2 443
9.2 X101 298 | 199 Pulsed photoly-
sis —air after-
glow
5.9 X102 exp 250-500 | table 4| Recommended
(+165/T) value
 1.0x 103 | 298

2 Relative rate measurements, see table 65.

b Relative rate measurements, sce table 58.

T T T I T ' T
O +c/s-2-Butene
o Davis, et al [I130]
i O Elias [19,rel] i
& Elios [I9,abs]
- + Cvetanovic [14,127]
2 20+ Cvetanovic [199] -
g e
[L0]
£ @®
[$)
=~ |0x|03 — o o E
80 - T -
60" -
4.0xj0'2 H i ik i i { i
-0 ke 20 3.0
0%/ T, K

FIGURE 30. Arrheniuz plot for the reaction of atomic oxygen with

I Phys. Chem. Ref. Daota, Vel. 2,

cis-2-butene.

Me ¥, 1973

Rate constant, No. | Temp. K Ref. Comments
cm® mol-! s!
2.55 X 10" exp 363—523 | 2 Discharge flow —
{~1900/T) final product
1.4 X101 363
2.2 398
4.7 473
6.9 523
1.4 X101 299 {1272 *| Hg photosens.
decomp. of
N.O
1.4Xx 102 298 | 14 @ * | Hg photosens.
decomp. of
N:O
1.1 X101 308 | 92° Hg photosens.
1.2 324 decomp. of
1.7 343 N0
1.2 363
1.1 375

2 Relative rate measurcments, sce table 50.

b Relative rate measurements, see table 63.

TaBLE 43. Rate constants for the reaction of atomic oxygen with

2-methylpropene

Rate constant, No. Temp. K Ref. Comments
cm?® mol-! gt
2.0 X 10" exp 300-523 {19 Discharge flow —
(—200/T) air afterglow

9.9 x 1012 300 :

1.3 X101 523

2.4 X102 exp 318-538 | 57 Discharge flow —

(—1280/T) final products

4.7x10® 318

9.0 398

2.0x 10" 498

2.3 538

1.1 X10% 298 | 14 * * | Hg photosens.
decomp. of
Nzo

1.2Xx 100 299 | 11 * * | Hg photosens.

7.7X1012 403 decomp. of
N0

1.5x10% 298 | 26 v * | Hg photosens.
decomv. of
N.O

9.1 X 10w 298 | 55 ¢ Flash photoly-

8.7 410 sis —kinetic
spectroscopy

8.8 x 16w 298 | 1999 | Pulsed photoly-
sis—air after-
alow
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FIGURE 31. Arrhenius plot for the reaction of atomic oxygen with
2-methylpropene.

TaBLE 44. Rate constants for the reaction of atomic oxygen with
2.3-dimethyl:2-butene
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FIGURE 32. Arrhenius plot for the reaction of atomic oxygen with

TABLE 45.

2,3-dimethyl-2-butene.

Rate constants for the reactions of atomic oxygen with

some miscellaneous alkenes and alkadienes

Rate constant, No. Temp. K Ref. Comments Rate constant, No. Temp. K Ref. Comments
cm® mol~! st cm?® mol-! §7!
5.0 X 1013 298 | 14% Hg photosens. 1,3-Budadiene
decomp. of 1.2%x101 299 | 1214 *| Hg. photosens.
N,O 8.7x 10 400 decomp. of
N, O
4.8 x 101 300 | 11 Hg photosens.
27 393 decomp. of 1-Pentene
N.O 2.85 % 1012 300 | 17* Flow photolysis
of NO,
3.36 £ 0.64 X 1022 298-355 | 130* Flash photoly-
exp (+ 790 60/T) sis-resonance cis-2-Fenwene
4.76 X 1013 4 298 fluorescence 1.09x 103 300 | 17* Flow photolysis
3.13 2 348 of NO,
3.05 1 352
3.27 2 355 1.1 %1018 298 | 14#* | Hg photosens.
decomp. of
4.3 X 1018 298 | 199 Pulsed photoly- N, O
sis-air after-
glow 2-Methyl.2.butene
3.8x10m 299 | 11®* | Hg photosens.
3.4 X 10" exp 298-400 | table 4| Recommended 2.2 393 decomp. of
(+ 790/T) value N.O
4. 8x 1033 208
3.1X 101 298 | 199 Pulsed photoly-
® Relative rate measurements, see table 58. sis-air after-
' glow
1-Hexene
3.1 %1012 299 | 127* *| Hg photosens.
decomp. of
1 NG

# Relative rate measurements, see table 58.

J. Phys. Chem. Ref, Data, Vel. 2, No. 3, 1973
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TABLE 46. Rate constants for the reactions of atomic oxygen with
cyclopentene and cyclohexene

TABLE 47. Rate constants for the reactions of atomic oxygen with
some haloalkenes — Continued

Rate constant, No. | Temp. K Ref. Comments
cm? mol-1 -1
Cyclopentene
1.4 x 1013 299 | 11%* | Hg photosens.
9.8 x 1012 399 decomp. of
Nzo
Cyclohexene
1.3 x 1013 298 | 112-* | Hg photosens.
8.8x 1072 400 decomp. of
N0

2 Relative rate measurements, see table 58.
3.5. Haloalkenes and Haloalkadienes

The mechanisms of the reactions of atomic oxygen
with the haloalkenes are probably similar to those of
the alkene reactions, consisting of addition to the
double bond followed by fragmentation or stabilization
of the adduct. The fragmentation products of the halo-
alkene reactions can differ considerably from the com-
" parable alkene reactions because of the differences in
the carbon-hydrogen and carbon-halogen hond strengths.

Although the kinetics of many of these reactions have
been studied, no single reaction has been sufficiently
well investigated by different techniques to permit a
high degree of confidence in the reported rate con-
stants. Only a few of the reactions have been studied
over a significant temperature range, none by absolute
techniques. Most disturbing, where there is overlap in
the data, the agreement is not particularly good €ven
when using apparently identical experimental tech-
niques. The kinetics of these reactions need more care-
ful study, and at present, the existing data should be
viewed with some caution. ‘

One set of absolute rate measurements were made
using the discharge flow-mass spectrometry technique.
These data have been accepted. The other recom-
mended rate constants are based primarily on relative
rate measurements using the mercury photosensitized
decomposition of nitrous oxide.

TabpLE 47. Rate constants for the reactions of atomic oxygen with

some haloalkenes

Rate constant,
em® mol~! 57!

No. Temp. K Ref. Comments

Fluoroethylene
2.6 X 101 13 307 77* Discharge flow —
mass spec-
trometry
1.9 x 101 296 146# Hg photosens.
decomp. of
N:0

J. Phys. Chem. Ref. Date, Vel 2, Ne. 8, 1973

Rate constant, No. | Temp. K Ref. Comments

cm? mol-? g-!

Chloroethylene
5.2 101 10 307 T Discharge flow —
mass spec-
trometry
Bromoethylene
4.9x 101 9 307 77* Discharge flow —
mass spec-
trometry
1,1-Dithioroethylene ;
2.2x 101 8 307 7* Discharge flow -
mass spec-
trometry
1.1x 101 | 296 1462 Hg photosens.
decomp. of
N0

1,2-Difluoroethylene
(cis and trans) o
2.7 x 101 5 307 7% Discharge flow —
' 1H1ass spec-
trometry

cis-1,2-Difluoro-

ethylene
1.5x 101 296 1462 Hg photosens.
decomp. of
N0
trans-1,2-Difluoro-
ethylene
2.6 X 101 296 146% Hg photosens.

decomp. of

N0

Trifluoroethylene

2.7 X101 296 146* Hg photosens.
decomp. of
N2O

Tetrafluoroethylene

5.3 x 101 9 297 130% Hg photosens.

5.3 9 343 decomp. of

3.7 3 398 N0

5.0x 101 297 160 Hg photosens.
decomp. of
N0

5.0 x 101 296 32¢ Flash photoly-
sis — kinetic
spectroscopy

9.1 x 1012 296 1462 Hg photosens.
decomp. of
N0
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‘T'anLE 47. Rate constants for the reactions of atomic oxygen with TABLE 47. Rate constants for the reactions of atomic oxygen with
some haloalkenes— Continued some haloalkenes — Continued
Rate constant, No. | Temp. K Ref. Comments Rate constant, No. | Temp. K Ref. Comments -
em? mol~?! ! em? mol~? -7
‘F'rifluorochloro- 1,3-Hexatiuorobuta-
ethylene diene
2.7x 101 296 32¢ Flash photoly- 2.5x 101 305 | 129 ®* | Hg. photosens.
7.9 419 sis — kinetic decomp. of
speciroscopy N0
1.1-Difluero-2,2-
dichloroethylene ? Relative rate measurement, see table 60.
3.5x10m © 296 32¢ Flash photoly- b Relative rate measurement, see table 59.
5.5 419 sis — kinetic ¢ Relative rate measurement, see table 65.
Speciroscopy ¢ Relative rate measurement, see table 62.
2-Fluoropropene 1013 T v T
1.0 X 1012 296 79%*, | Hg photosens. r ‘ ST I j
834+ decomp. of " O + Tetrafluoroethylene and Hexafluoropropene
N0 " o Saunders and Heickien [3,5] 1
. | i ® Tyerman [32] ]
3-Fluoropropene ; i
4.4x 100 . 206 | 79.8% | Hg phatasens 2 + Moss [146]
83%* | decomp. of » ot +]
N0 - L T T T e -—O—~_.0___ﬁ_g"
’ e N F 1
M.
1.1-Difluoropropene . T~ Cefa
9.5 x 10% 296 79,9 % | Hg photosens. g o \\\\ .
839% | decomp. of = o \\\\
N0 3 S ]
\\
3,3,3-Trifluoropropene - =~ CsFg -
2.3 X 1010 296 44,%* | Hg photosens. \
: 79,9-* decomp. of N 7
834 NO 010 . | . | . |
10 2.0 30
Hexafluoropropene 3 -
1.7 x 100 5 297 | 13%* | Hg photosens. 10%/T, K . .
24 ' 343 decomp. of FIGURE 33. Arrhenius plot for the reaction of atomic oxygen with
3.8 3 399 N.O ' tetrafluoroethylene and hexatluoropropene.
17 101 207 150.% | He photosens. 3.6. Alkynes and Alkadiynes
%etc‘;)mp- of The reaction of atomic oxygen with acetylene hags been
e extensively studied over a wide range of temperatures.
4-Fluoro-1-butene The reported rate data are in good agreement. The
1.3% 1012 296 79,9* | Hg photosens. recommended values are based entirely on absolute
83%* decomp. of measurements obtained under discharge-flow conditions
N0 using mass spectrometry or electron spin resonance
o Trifiuoro.] detection. Absolute rate constants have also been ob-
1.1.2-Trifluoro-1- tained from measurements of the chemiluminescence
butene X . * . . .
21X 100 206 794+ | Hg photosens. intensity of CH* produced in this reaction under flow
decomp, of conditions. These data are somewhat uncertain because
N.O of the difficulty in calibration of the chemiluminescent
intensity, but are within 20 to 30 percent of the recom-
1.9X 1012 296 79,%* | He. photosens. mended value at all temperatures. More importantly
83¢ decomp. of they support the activation energy assignment
N.O y suppo energy assignment.
! 2 In addition to thc absolutc mcasuremcents there are
9 Trifluoromethyl- relative rate measurements which also support the
propene choice of the recommended values.
1.7 % 101 296 44.,%-* | Hg photosens. For the other alkynes and alkadiynes there are few
79.%* | decomp. of data. Propyne and butadiyne have been studied near
8" NO 300 K using discharge Row techniques, and these results
‘ .
: . 1
2.6% 101 296 146° ' He photosens. a're. e.iccepted 'In the case of dicyanoacetylene only a
 decomp. of limiting value is reported, and no recommended value
N,O is given.
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TABLE 48. Rate constants for the reaction of atomic oxygen with  TABLE 48. Rate constants for the reaction of atomic oxygen with

acetylene acetylene — Continued
Rat tant, Rate constant,
c;"erzzi]—s‘ asrll No. | Temp.K | Ref. Comments cm® mol-1 s-1 No. | Temp.K | Ref. Comments
1.2 X 102 exp 243673 | 33 2 ®*| Discharge flow— 7.89 x 101 300 |126* Flash phbtoly-
(—1510/T) mass spec- sis — air after-
. trometry, e.s.r glow
3.0x 10% 243
4.8 264 1.4 X 1013 exp 200~700 | table 6 | Recommended
6.0 286 (—1500/T) . value
1.1 x 10 308 3.3 X 1012 1000
2.0 356 9.5 X 100 298
4.2 425
9.3 555 2ndividual rate constants are reported overall constants divided by
1.4 X102 673 2.0.
. bReported in graphical form only.
9.6 X10° 295 | 37 Discharge flow — ¢ Relative rate measurements, see table 59.
e.s.r
2.0 X 8 exp 230-450 | 80 = * | Discharge flow—
(—1610/T) e.s.r
6.6 *+0.2X10° 6 195
1.82 +0.11 x 101 6 228
89 +0.3 12 298
2.48+0.02 X 101 4 369
59 +0.2 ! e | | T T I
1.90£0.10 X 102 4 597
2.00+0.07 2 - 616 - O+ Acetylene N
9.2:0.4x 10" 298 | 29 = * | Discharge flow— o3 © Wesfenberg and deHaas [80] |
e.sr BN & Hoyerman et o} [33] ]
RN x Avramenko, et al [31] 7
¢ * 8 o
LIx10m 298 | 86 Discharge flow— L \\ ---James and Giass [89] -
esT h + Saunders and Heicklen [13]
5.3 £ 1.7 x 101 298 | 36 Discharge flow —
mass spec- 102 |- _
trometry, CH* - o
chemilume- 'w -1
nescence - - R
©
1.43+0.50 X 108 exp| 27 273-729 | 89° Discharge flow — ME - 4
(—3150£200/T) CH™ chemi- £
lumenescence < oM —
- | - -
9.0 £ 1.8 X 10 298 | 30* Discharge flow — i
mass spec- B 7]
trometry
1-2 x 103 1000-1500 | 56 Flame structure
100 C —d
1.7 X 10" exp 393-563 | 31 Discharge flow— - .
(—1560/T) final products L i
3.3 x10° 393 X
5.5 453 7 [ | I |
9.0 488 0 10 2.0 3.0 40 50 6.0
1.0 X 101 563 3 -1
1077,K
1.1 x 10 298 | 35% 51% Discharge flow— FIGURE 34. Arrhenius plot for the reaction of atomic oxygen with
mass spec- acetylene. For clarity most of the room temperature data have been
trometry omitted (references [29], [30], [35], [36], [37], [51], [86], and [126]),
as well as the data of reference [56].
1.0 X 10 291 13¢ Hg photosens.
1.6 343 decomp. of
3.3 398 N.O
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TaBLE 49. Rate constants for the reactions of atomic oxygen with
propyne, butadiyne, and dicyanoacetylene

Rate constant, cm® | No. Temp. K Ref. Comments
mol-1 g-1
ropyne
4+ 1'x 101 298 29* | Discharge flow —
e.s.T
Butadiyne
9.0+£1.2X% 1011 300 34* 35* | Discharge flow —
mass spec-
trometry
Dicyanoacetylene
< 2,2 X 1010 300 94 | Discharge flow—
air afterglow

3.7. Benzene, Some Substituted Benzenes, and
Pyridine

The only reactant in this category which has been
studied in any detail is.benzene. Absolute rate measure-
ments at different temperatures have been made under
discharge flow conditions using mass spectrometry and
electron spin resonance detection. In addition, absolute
rate measurements have been made at 298 K using the
pulsc radiolysis technique. There are also relative rate
measurements made at two different temperatures. In
both temperature dependence studies serious experi-
mental problems were encountered. In the case of the
photolysis experiments large amounts of polymers were
formed which complicated the kinetic analysis. In the
flow discharge work there was evidence for hetero-
geneous reactions, including the formation of polymeric
material on the reactor walls.

The recommended values are based on the absolute
measurements and in particular the discharge flow data.
Of the latter data only the results obtained using mass
spectrometric detection are free of the necessity of a
stoichiometry or chain length correction. This is not
the case with the e.s.r. data. To arrive at an empirical
stoichiometry factor both mass spectrometric and e.s.r.
data were plotted in Arrhenius form, and the ratio of
slopes, about 4.0, taken as the stoichiometry factor.

The recommended value is tentative in nature and
experimental confirmation is desirable.

In the case of the toluene reaction there is an ahsolute
rate measurement at 298 K and relative rate measure-
ments at 393 and 493 K. The data are not extensive
enough to lead to recommended rate constants other
than at 298 K.

For the other reactants in this category there is only
one source of data, the absolute measurements at 298
K using the pulse radiolysis technique. These are
accepted.

There is an extensive set of rate measurements on a
large group of substituted benzenes which gives the
relative rates of formation of the volatile phenolic prod-

ucts [90]. It is not clear, however, how these partial
rate factors may be related to overall relative rates, so
that these data are not used. (See table 64.)

TaBiE 50. Rate constants for the reactions of atomic oxygen with
benzene, some substituted benzenes, and pyridine

Rate constants, No. | Temp.K Ref. Comments
cm® mol-2 g~?
Benzene
1.7 x 1018 338-493 47 Discharge flow —
exp (—2370/T) final products
1.6 x 101 338
4.2 373
8.1 453
1.6 X 101 493
3.6 x 1010 298 67* Pulse radiolysis.
6.6 X 1010 393 45* Hg photosens.
1.5 X 101 494 decomp. of
N0
3.8+ 1.5x101 255-305 | 187* Discharge flow —
exp (—2210 mass spec-
=+ 250/T) trometry
7.43 X 10° 6 255
8.24 9 262
1.12 X 1010 3 272
2.72 11 302
2.99 2 305
6.5 X 101 5 344 187" * | Discharge How —
7.4 5 364 e.s.1.
1.9 x 10 4 407
2.4 5 459
3.2 3 482
2.0 X 1073 exp 250-500 table 7 | Recommended.
(—2000/T) value
2.4 X 1gw 298
Fluorobenzene
2.7 X 101 298 67* Pulse radiolysis
Chlorobenzene
3.1 x 101 298 67* Pulse radiolysis
Toluene
1.4 X 101 298 67* Pulse radiolysis
1.7 x 101 393 522 * | Hg photosens.
3.2 493 decumyp. of
N.0
Ethylbenzene
3.2 > 1011 208 67* Pulse radiolysis
1.2-Dimethylbenzene
6.7 X 101 | 298 67* Pulse radiolysis
1,3-Dimethylbenzene
7.7 X 101 298 67* Pulse radiolysis
1,4-Dimcthylbenzenc
4.5 X 101 298 67* Pulse radiolysis
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TABLE 50. Rate constants for the reactions of atomic oxygen with
benzene, some substituted benzenes, and pyridine — Continued

Rate constant, ! No. Temp. K Ref. Comments
cm? mol-1 s-! ‘
{
Pyridine ‘
1.0 x 101 i‘ 298 67* Pulse radiolysis

2 Relative rate measurements, see table 58.
P Individual 1ate cvasiams are the repuited vverall rate vunstants

divided by 4.0.

T T T —T T 7
O + Benzene
" O Bonanno et al {mass spec)[187] |
AN ® Bonanno ef al (e.s.r.) [187]
To L1 RN O Boocock and Cvetanovic [45] -
RN + Mani and Sauer [6/] ]
I N x Avramenko et al [47] ]
1012 }— —
o -
w
5
£
o L d
£
<ok _
51 L 2
1010 —]
109 ! 1 1 | |
0 10 20 30 40 50
13%/T, K™
FIGURE 35. Arrhenius plot for the reaction of atomic oxygen with
benzene.

3.8. Alcohols, Aldehydes, and Miscellaneous Oxygen
Containing Compounds

Although there is a considerable body of rate data
available on oxygen containing reactants, much of it is
unreliable (all data based on final product analysis are
rejected) and only in the cases of acetaldehyde and
dimethyl ether are rate constants recommended at
other than room temperature.

The methanol reaction has been studied under dis-
charge flow conditions using electron spin resonance
detection. However, it was established in that work that
heterogeneous processes were important. In addition the
derived Arrhenius pre-exponential factors per C- H bond
(0.6 X 1022 cm3 mol-! s—!) appear to be abnormally low
when compared to those observed for the alkanes (5 to
20 X 102 ¢m? mol-? s~1), For these reasons these data
are rejected and no recommended values are given.
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Acetaldehyde has also been studied under discharge
flow conditions using the air afterglow technique. In
addition there are relative rate measurements near room
temperature. The recommended values are based on
both the absolute and relative measurements. The data,
however, scatter considerably and a more definitive
measurement over a wider temperature range would be
desirable. The recommended rate constant refers to
ahstraction of the aldehydic H atom. At higher tempera-
tures abstraction of a-H atoms will also occur and the
Arrhenius plot will curve upward.

In the case of dimethyl ether there are extensive sets
of both absolute and relative rate data. The absolute
measurements involved discharge flow systems using
both mass spectrometry and electron spin resonance
detection. The eleciron spin resonance data require
correction for stoichiometry or chain length. In the
original work a value of 2.0 was used. We have chosen

~

to fit these data by picking a stoichiometry factor which
brings the mass spectrometric and electron spin reso-
nance data into agreement over their common tempera-
ture range. This factor, 2.6, was then used to correct
the electron spin resonance data over the whole of the
measurements. In addition, there is a series of relative
rate measurements which in general lead to lower rate
constants. The absolute measurements are the sole
basis for the recommended values. We note, however,
that the recommended value leads to an Arrhenius pre-
exponential factor of 1.0 X102 ¢m® mol™! s~! which as
in the case of the reported methanol data appears to be
low when compared to the data for the alkanes.

For the other compounds considered here both
absolute and relative rate data were used to arrive at
recommended values at room temperature only.

TaBLE 51. Rate counstants for thc rcaction of atomic-oxygen with
methanol
Rate constant, No. Temp. K Ref. Comments
cm? mol-? s-!

5.1 X 10" exp 347-506 43 Discharge flow —

(—1560/T) final products
5.4 x 10° 347
6.0 353
7.1 363
6.3 363
4.2 363
1.05 x 1010 389
8.4 X 10® 393
1.11 x 1010 395
7.2 X 10° 399
- 1.60 x 1010 423
1.75 483
2.74 506

1.70 2 0.66 x 1012 273-438 1412 Discharge flow—

exp (—1150+100/7) e.s.I.

1.14 =£0.09 X 10t° 3 273
1.55+0.18 5 298
2.38 = 0.06 4 332
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I'aBLE 51. Rate constants for the reaction of atomic-oxygen with TABLE 53. Rate constants for the reaction of atomic oxygen with
methanol— Continued some aldehydes
Rate constant, No. | Temp. K Ref. Comments Rate constant, No. | Temp. K Ref. | Comments
¢m? mol-t s cm? mol-! -1
1.21 +0.06 3 363 Formaldehyde
3.95 £ 0.66 4 | 391 9.0 x 101 300  78* | Discharge flow—
.65 +0.15 5 | 426 mass spec-
7.60 +0.13 5 438 trometry
.“‘Individual rate constants are the reported overall rate constants 6 % 1013 1750-2575 105 | Shock tube
divided by 2.0.
T I Monodeuteroformal-
+ dehyde
" ) 4.9 X 1010 300 {35*.51* | Discharge flow —
" O + Methanol 7 mass spec-
L o Le Fevre et al [141) i trometry
102 + Avromerko et of [43] ] Difluoroformaldehyde
H - < 2 X 1010 307 77 | Discharge flow —
r mass spec-
r h trometry
. I 1 Dichloroformaldehyde
£ onk n 6 % 10° 273 42* | Discharge flow—
" - & B air afterglow
- L g . . < 2 X 1010 307 77 | Discharge flow—
L + o | mass spec-
+ + o trometry
1010 |- g S Acetaldehyde
Ty - (1.1 £0.3) x 1013 299-476 50* | Discharge flow —
L R exp (—~ 1160/T) air aftergiow
2.7 % 101 299
- ) T 6.4 299
10° P SR WRO WS ISUURS VAN THNS SR TN SN TN M U SN SIS S SO 1 5.4 369
0 1.0 2.0 3.0 7.4 412
|O3/T,K" 1.2 X 1012 476
FIGURE 36. Arrhenius plot for the reaction of atomic oxygen with
methanol. 3.6 X 10" exp 343-428 41 | Discharge flow—
. - +
TABLE 52. Rate constants for the reactions of atomic oxygen with (6_61381%;250[1‘) 1 343 final products
ethano! and isopropanol 74 1 353
1.11 x 101 2 373
Rate constant, No. | Temp. K Ref. Comments 1.14 1 393
em?® mol-1 -t 1.42 1 428
Fthanol 3.4 x 10v 298 46*-*| Hg photosens.
6.3 % 102 exp 343-523 40 | Discharge flow— decomp. of
(— 2010/T) final products N,O
1.96 X 1010 343 . . .
4.97 403 2.0 X 10 293 66 Hg photosens.
9.39 463 decomp. of
138 x 101 523 N:0
1.4 x 10'3 exp 298-500 [table 8 |Recommended
(1.6 = 0.7) x 103 903-963 65 | Ignition limits (—1140/T) value
exp (—2770 3.1 x 101 208
+500/T)
Propionaldehyde
8.7 X 1010 298 59%*I Hg photosens.
decomp of 1.05 X 10! exp 398-523 40 |Discharge flow—
N,O (—1430/T) final products
2.69 398
Isopropanol 3.7 423
1.3 % 101 298 392-*| Hg photosens. 4.6 463
decomp of 6.6 523
N.O -
2 Relative rate meesurcments,

" Relative rate measurements, see table 58.

b Relative rate measurements.

J. Phys.

sce tablc 58.
see table 65.
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TABLE 55. Rate constants for the reaction of atomic oxygen with

dimethyl ether — Continued

504
C O + Acetaldehyde B
O Cadle and Powers [50]
- & Cvetanovic [46] E
Mee @ Christie and Collins [66]
Toad iy + Avramenko et al [41] -
- \\\\\ -
02 -
T r S ©
Tw 1 a 7]
kS o
€ o 4
2]
®
S d
_x’ - -
L _
+
+ 4
0o . -
’,. +
S n 1 - l L
10 10 20 30
10%T, k™

FIGURE 37. Arrhenius plot for the reaction of atomic oxygen with

acetaldehyde.

TaBLE 54. Rate constants for the reactions of atomic oxygen with
ketene and ethylene oxide

Rate constant, No. | Temp. K Ref. Comments
cm3 mol-1s
Ketene
5.3 x 101 298 82* Discharge flow —
mass spec-
womelry
Ethylene Oxide
7.3 X 108 13 307 584* | Hg photosens.
0.7 T 343 decomp. of
1.3 x 10 ! 8 398 N0

2 Relative rate measurements, see table 59.

TABLE 55. Rate constants for the reaction of atomic oxygen with
dimethyl ether

gr?yt"ergz]nf‘msn-tl No. | Temp. K Ref. Comments
2.1 X 1010 7 307 582 Hg photosens.
2.7 5 343 decomp. of
5.0 S 398 N0
1.6 X 101 4 303 49° Hg photosens.
3.7 1 . 335 decomp. of
7.5 1 366 N,O
1.3 X 101 1 394
2.1 1 426

J. Phys. Chem. Ref, Data, Vel, 2, Ne. 3, 1972

Rate constant, No. Temp. K Ref. Comments
cm? mol-! 577
1.8 x 1010 3 311 92¢ Hg photosens.
1.5 3 323 decomp. of
2.0 3 338 N0
2.5 3 353
2.8 3 363
3.7 3 373
51 X 10" exp 217-366 | 1419 * | Discharge flow—
(—1430 = 100/T) €.S.I.
6.19 =0.73 X 109 4 217
1.17 £ 0.06 x 101 3 245
2.27 +£0.20 5 273
3.09 +0.52 4 298
3.45 +0.34 4 298
6.31 = 0.96 4 336
8.62 + 1.19 4 366
1.59 =+ 0.10 X 1010 4 254 | 141* Discharge flow —
1.57 +0.25 5 261 mass spec-
2.57+£0.25 4 273 trometry
2.27+0.40 5 283
3.74 £ 0.30 6 300

2Relative rate measurements, see table 59.
b Relative rate measurements. see table 57.
¢Relative rate measurements, see table 63.

9 Individual rate constants are the reported overall rate constants

divided by 2.6.

T T i T
10'3 | O + Dimethylether -
L & Takezaki et al [49] ]
L™\ © Marsh and Heickien [58] 4
'\\ + Neumann and Jonathon [92]
-\ C LeFevre et al (esr) [141] -
N m LeFevre et al (moss spec) (141}
12 N ]
- 10 - N 7
w L * "
= | R
£
L2}
£ L i
bt
= TolLi == —
10| o
10 - ]
| J A | 1 —1
o] 10 20 30 40 50 60
0¥%T, K™
FIGURE 38. Arrhenius plot for thie reaction of atomic oxvgen with
dimethylether.
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4. Relative Rate Constants

TABLE 56. Relative rate measurements of Wilson and O’Donovan TABLE 57. Relative rate measurements of Takezaki, Mori, and
: = Kawasaki
Reactant | Reactant 107k
T.X kalks No. “A _,|Ref. -
A B : cm®mol s Reactant | Reactant 10-11f 2
A B T.K kalks No. e mol~ S & Ref.
Ch Q1| CH. 353 1~3.4 ~0022 153 CHOCH, |n-CHiw | 303 090 | 4| 029 |49
468 " 2.83+0.07 0.48 335 0.96 1 0.37
638| 2.160.04 4.3 366 1.05 1 0.75
949 | 1.76+0.05 34 394 ]'0(’ 1 13
: 426 1.14 1 2.1
CHsBr CH, 613 132 20
966 51 100 2 All derived rate constants, ks, are based on absolute rate constants
- for n-butane (table 1) and the rate ratios in this table.
CEH CH, <1000 |< 0,01 < 0.2

2 All derived rate constants, ks, are based on absolute rate constants
for methane (table 1) and the rate ratios in this table.

TABLE 58. Relative rate measurements of Cvetanovic [11, 14, 46, 98, 1271, Jones and Cvetanovic [52], Kato and Cvetanovic {39, 59}, Cvetanovic
and Doyle [121], and Boocock and Cvetanovic [45]

R A Reactant B | T, K kalk N 0Bk | Re

eactant eactan B alkg 0. em?® mol-! g1 ef.

n-C4Hio C2H, 298 0.045 *0.014 0.22 98

1-C4Hs C2Ha 298 6.3 30 14

CiS-Z-C4Hs C2H4 298 22 110 14

cy-CeéHio , C2H4 298 26.78 =*0.38 4 130 11
400 11.16 =*0.28 4 88

CH3;CHO C2H,4 298 0.7 =0.1 3.4 46

cy-CsHs cy-CsHyo 299 1.103 +0.056 5 142 11
399 1.109 %=0.084 4 98

1-C4HB Cy-C5Hs 298 0.194 28 14
299 0.191 =*0.006 6 27 11
399 | 0.268 *0.010 6 26

is0-C4Hs cy-CsHs 298 0.794 110 14
299 0.838 +0.020 6 120 11
403 0.792 %0.011 5 77

C(CH3):CHCHa cy-CsHs 299 2.66  =+0.07 4 380 11
393 2.19 =*0.09 5 220

C(CH3).C(CHy), cy-CsHs 298 3.48 500 14
300 341 =0.02 3 480 11
393 269 =*0.14 4 270

CsHs cy-CsHs 393 (6.55*0.66) x10-3 0.66 45
494 (18.4+1.6) x 103 1.5

CsHsCHs cy-CsHs 393 (17.45+1.2) X 10-3 4 1.7 52
495 (40.2x1.1) x 10-3 3 3.2

1,3-CsHs cy-CsHs 299 0.810 =0.018 120 121
400 0.884 +0.011 87

cis-2-C4Hs cy-CsHs 300 0.801 *=0.014 4 110 127

trans-2-CsHs cy-CsHg 299 0.951 *0.042 5 140 127

J. Phys. Chem. Ref. Data, Vol. 2, Nc. 3, 1973



506

TaBLE 58. Relative raie measurements of Cvetanovic [11. 14. 46, 98, 127], Jones and Cvetanovic [52}, Kato and Cvetanovic [39, 59], Cvetanovic

J. T. HERRON AND R. E. HUIE

and Doyle [121}, and Boocock and Cvetanovic [45]— Continued

Reactant A ‘Reactant B % T.K kalks No. cm:(:r;::'is“ Ref.
1-CsHe cy-CsHs 299 0.218 =0.004 5 31 127
C3zHs 1-CsHs 298 0.943 26 14
cis-2-CsHs 1-C4Hs 298 3.57 100 14
ts0-CsHs 1-CsHs 298 4.22 120 14
cis-2-CsHio 1-CsHs 298 3.80 110 14
C:H;0H 1-CsHs 298 0.031 =0.004 0.87 59
2-CsH;0H 1-CsHs 298 0.0464 1.3 39
trans-2-C4Hs iso-C4sHs 298 1.13 130 14

2 Al derived rate constants, k,, are based on absolute rate constants for ethylene (table 4) and the rate ratios in this table.

TABLE 59. Relative rate measurements of Saunders and Heicklen [13, 15, 16], Stuckey and Heicklen [12], Marsh and Heicklen [58],
and Stockburger and Heicklen [129]

10-1 k,2
Reactant A Reactant B | T, K kalks No Ref.
| cm® mol™! s~?
- 1
CoFs C2H, 297 1.031 | 5.0 16
C:F, C:H. 2071 110 =0.18 9 ‘ 5.3 13
343 0.855 =0.038 3 | 5.3
308 0.735 %0.065 3 5.7
CaFe CzHs 297 0.0357 = 0.0060 5 J 0.17 13
343 | 0.0385:0.0041 3! 0.24
398 0.0488 = 0.0036 3 0.38
Cabe CzHs 297 | 0.0345 0.17 15
1,3-CsFe C:H, 305 0.50 i 2.5 129
CaH. C:Fs4 297 0.193 +0.020 3 ‘ 1.0 13
343 0.296 +0.03 4 1.6
398 0.566 +0.014 3 | 3.3
CaHo CoFs 207! 427 =0.66 5 2 13
343 3.47 *0.28 9 19
398 4,26 *0.41 3 ! 24
1-CyHe CoF; 297 4.3 23 16
1-CaHs C:oF4 297 3.41 =030 4 18 13
343|  4.06 =034 4 22
398 442 *051 3 25
CeHs CsFs & 297 0.122 +0.006 2 0.021 13
343 0.22 =0.04 4 0.053
398 0.30 +0.11 4 0.11
CsHs CsFe 297 0.47 =0.03 3 0.081 13
3431 0.67 =0.09 6 0.16
3981 0.96 =0.09 3 0.37
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TABLE 59. Relative rate measurements of Saunders and Heicklen [13,15, 16], Stuckey and Heicklen [12], Marsh and Heicklen [58),

and Stockburger and Heicklen [129]— Continued

[ 1011 42
Reactant A Reactant B | 7. K kafky No. .o 01 Ref.
em? mol-! &™)
n-CsHio CsFs 307 0.69 =0.01 5 0.13 58
343 1.06 +0.05 4 0.26
398 1.31 =0.08 5 0.50
n-CrHis CsFs 307 3.6 +0.3 5 0.66 58
343 4.7 05 6 1.1
398 54 04 5 2.1
CsHis CsFe 307 22 =01 6 0.40 58
(2,2,4-Tri- 343 24 =02 5 0.58
methylpentane) 398 29  =x07 6 1.1
cy-CsHe CsFs 297 0.030 +0.013 3 0.0052 13
343 0.050 +0.013 2 0.012
398 0.066 +0.008 2 0.025
cy-CsHe CsFs 298 0.027 =0.004 1 0.0047 12
343 0.037 +0.009 8 0.0089
398 0.052 x0.007 7 0.020
cy-CsHs CsFe 298 0.41 =0.04 6 0.072 12
343 0.70 =0.08 5 0.17
398 0.80 =0.16 7 0.31
1
cy-CsHao CsFe 298 3.0 =06 6 0.52 12
343 ‘ 3.4 =06 8 0.82
398 ! 3.4 =04 5 1.30
cy-CsHiz CsFs 298 3.1 x06 6 0.54 12
343 43 =10 7 1.0
398 4.2 =11 6 1.6
C:H,0 CsFe 307 0.040 =0.004 13 0.0073 58
(Ethylene 343 0.036 +0.003 7 0.0087
oxide) 398 0.03¢4 =0.0605 8 0.013
C2HeO CsFs 307 1.17 =+0.09 7 0.21 58
(Dimethyl 343 112 +0.05 5 0.27
ether) 398 130 +0.15 5 0.50
CaHs 13-CsFe 305 0.039 0.099 129
n-CsHio 1,3-C4Fs 305 0.093 0.24 129

2 All derived rate constants, k4, are based on absolute rate constants for ethylene (table 4) and the

rate ratios in this table.

TABLE 60. Relative rate measurements of Moss

e
Reactant A Reactant B | T, K| kafky No. 10-1 &, » | Ref.
em?® mol=t 571
C:HsF C:Hq4 296 0.38 1.8 146
1,1-CeHeF2 0.22 1.1
cis-1,2-CoHeFs 0.32 1.5
trans-1,2-CoHoF2 0.54 2.6
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TaBLE 60. Relative rate measurements of Moss— Continued
) 01 E
Reactant A Reactant B | T, K kalkg | No. em® mol! g1 Ref.
C.HF; 0.57 2.7
CoF4 1.60 9.1
CH3C{(CF3)CH: 0.55 2.0

2 All derived rate constants, k,, are based on absolute rate constants for ethylene
(table 4) and the rate ratios in this table.

TABLE 6. Relatives rate measurements of Smith
Reactant A] Reactant| T, K! kalkp No. | 1072k, ? ) Ref.
B cm® mol~! 5!
1-C4Hs CS, 29810.78+0.08} 4 55
41010.83+=0.08| 4
iso-C4Hs CS, 2981{3.1 +0.3 4
410(2.5 *0.3 4
isO-CqHa l-C4Ha 298 1 4.0 9.1
410 3.0 8.7 ]

2 All derived rate constants, k., are based on absolute rate con-
stants for 1-butene (table 4) and the rate ratios in this table.

TABLE 62. Relative rate measurements of Moss and Jennings

Reactant A Reactant B | T. K | kake | No.| UV Res
: cm® mol~? s-!
CHsCFCH, 1.CHy 26| 046 1.0 79,83
CH.FCH:CHCH: 1.C:Hs 296| 0575 1.3 79,83
CH5C(CFs)CH, 1.C:Hs 296|  0.077 0.17 79,83
44
CsHe 1-C<H 296 0.93 21 79,44
CH.FCHCH: CaHe 29| 021 044 | 79,83
CH;CHCF, CsHs 206]  0.45 0.95 79,83
CHsCH,CFCF: CsHs 206  1.00 2.1 79
CFsCHCH: CH3C(CF5)CH: 206  0.131 0023 [79,83,
44
CHaCH,CFCF; CHyC(CFs)CH: 206| 11.0 19 | 70,83

2 All derived rate constants, k4, are based on absolute rate constants for 1-butene {table 4}
and the rate ratios in this table.
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TABLE 63. Relative rate measurements of Neumann and Jonathan

509

Reactant A Reactant B | T, K kalks No. 1020 ks Ref.
: cm® mol™! 57!
CH30CHs cis-2-CaHs 311 1.85%10-3| 3 1.8 92
323 1.61x10-1| 3 1.5
338 2.08 %103 3 2.0
353 2.70%10-3| 3 2.5
363 3.13x10-3 3 2.8
373 4.17x10-3 3 3.7
trans-2-CsHs CH;OCHs 308 1010 3 110
324 790 3 120
343 820 3 170
363 450 3 120
375 340 3 110

2 All derived rate constants, ka, are based on absolute rate constants for the cis-2-butene
reaction (table 4) and the rate ratios in this table.

TapLe 65. Relative rate measurements of Tyerman [32], Ford and
Endow [17], Scala and Wu [88], Elias [19], Christie and Collins [66],
Sato and Cvetanovic [26), and Paraskevopoulos and Cvetanovic

TABLE 64. Relative rate measurements of Grovenstein and Mosher [164).
Reactant A| Reactant B| T, K | kg/kg ? | No. ka Ref. Reactant A Reactam—[ 7, K kafkg No.{ 1079 ks® | Ref.
em® mol™ 573 B n? mol ™ g1
CeHsCHs CeHe 303 4.37 90 CoFa CzH4 296 {1.05 =0.05 5.0 32
CeHsCoHs 495 CsHis CzHa 298 10.54 2.6 17
{3-Methyl-
0-CeHs. 10.0 heptane)
(CHs).
ey-CaHe C:Ha 298 {1.12 x 10-4 5.4 x10-%| 88
m-CeHa- 23.0 §
(CHs)e 1-CqHs C:H, 300 5.4 1 4126 19
423 13.7 {431
p-CeHa- 9.77 !
(CHs): cis-2-C4Hs 1-C4Hs 300 | 4.0 2192 19
423 [3.2 3196
CeHsC- 3.60 488 2.7 ‘ 2190
(CHs); t
CF.CFCl CoF,4 296 | 0.51 +0.04] 2.7 32
1,2,3-CeHa- 25.0 419 | 1.36 =0.10 7.9
(CHs)s
CF:CClz CoFs 296 | .67 +0.06 3.5 32
1,3,5-CeHs- 80.0 4191095 =0.10 5.5
(CHa)s
CH2CHO NO: 293 0.036 = 0.06 2.0 66
CsHsOCHs = 13.2
1-Cally NO: 208 ] 0.48 28 26
CeHsF 0.67
is0-C4Hx NO- 298| 2.6 150 26
CeHsCF3 0.29
(CHas)sCH }-CsHs 2981 0.014 L 0.35 L164

? Ratio of total rates of production of phenols with respect to the
rate of production of phenol from benzene. It is not certain that this is
equivalent to the ratio of total rate constants, so that derived values

of k4 are not given.

2 All derived rate constants, k,, are based on absolute rate constants
for ethylene (1able 4), 1-butene (table 4), tetrafluoroethylene (table 5)
and NO: (ref. [168]), and the rate ratios in this table.
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5. Formula index

510 T
Page

CH.}

Methane........oooooi il 470, 476
C2He

Acetylene....cooooiiiiiiiiiiiiiiiniin 474., 500, 506
CoH,

Ethylene.............. 473, 493. 505, 506. 507, 508. 509
C.H, .

Ethane........ooooivi 470, 476, 506
CaH,

Propyne.....ccooovii i 474, 501, 506
C3H(§

Cyclopropane......c..cccoeeviennn... 471, 483, 507, 509

Propene.......ooooeiiiii i 473, 494, 506, 508
CyHy

Propane....o.cooocviiiii i i 470, 482, 506, 507
CiH,

Butadiyne..ooooeiiiiiiiiiiiiiiiiii i 474, 501
CiH,

1.3-Butadiene.......cooocoiiiiniiininiens 473. 497. 505
CiHy

Cyclobutane.....o.ooovviiiiiiininiiienn, 471, 483, 507

1-Butene......oooooeei il 473, 495, 505, 506, 508, 509

cis-2-Butene................l. 473, 495, 505, 506, 509

trans-2-Butene................... 473, 496, 505, 506, 509

2-Methylpropene......... 473, 496, 505. 506, 508. 509
C-!H]()

n-Butane..........oooiiiiiiin 470, 477, 505, 507

2-Methylpropane............cooo. 482, 509
CsHg

Cyclopentiene..........oooeeeeiiiinn... 473. 498, 505, 506
CsHio

Cyclopentane............cooooiiiiniienn. 471, 483. 507

Spiropentane.........cooooiiiiiiiiiiiiii 471, 483

1-Pentene......cooooviiiiiiiiiiiiiiiiiie 473. 497

cis-2-Pentene....coovoiiiiiiviiiiiiiiiinnnn. 473, 497, 500

2-Methyl-2-butene.................oeenn, 473, 497, 505
C:Hie

N-Pentane........cooviiviiiiiiiiieiiieeie e 471, 478

2-Methylbutane...........ooooocoiviiinn, 471, 482

2,2-Dimethylpropane...............coooeen. 471, 478
CsHg

Benzene.......ooooviin il 474. 501, 505, 509
CsHio

Cyclohexene. ool 473. 498, 505
CGHI‘_’

Cyclohexane..........coooii 471, 484, 507

1-Hexene........ooooooo 473, 497, 506

2.3-Dimethyl-2-butene....................... 473, 497, 505
C("Hl—!

n-Hexane....o.oooiiiiiiii i 471, 478

2.3-Dimethylbutane................................ 471. 478
C-Hy

Toluene....ooooovviii i, 474, 501, 505, 50¢
C:His

Cycloheptane...........ooocoiviiiii i, 472, 484
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CTHH)'

n-Heptane.......o.coocoeviiiiiiin. 471. 478, 507

2.2-Dimethvlpentane.................onl 471, 482

2.4-Dimethylpentane............ool 471. 482
CsHio

Ethylbenzene...........coooiiivniiiinnn.n. 474. 501. 509

1,2-Dimethylhenzene........................ 474, 501. 509

1,3-Dimethylbenzene........................ 474, 501. 509

1.4-Dimethylbenzene..........c.......co. 474, 501. 509
CsHis

F-OCTaANe ..o vt e e e 471. 478

3-Methylheptane..........coooooiiiiiiiiinnns 482, 509

2.2 A4-Trimethylpentane..................... 471. 482. 507

2,3 4-Trimethylpentane..............ccoceivennn 471. 482

2,2,3.B-Tetrameth};lbutane ........................ 471, 482
CoHi

1.2 3-Trimethylbenzene............................... 500

1,3,5-Trimethylbenzene..................cooiniis 509
CioHis

tert-Butylbenzene................oool 509
CalNe

Dicyanoacetylene..............ccooiiiiiiiiinn... 509
CsHsN

Pyridine......ccooooiiiii s 501
CH,C

Formaldehyde............... i 474.. 502
CHDC

Monodeuteroformaldehyde....................... 475. 503
CH.;O

Methanol ..o 502
C,H.0

Ketene.c.oooovniiiiii 475. 504
C,H.,0

Acetaldehyde.................... 475, 503. 505, 509

Ethylene oxide.......o.ooovivi 475, 504, 507
C.H:0

Ethanol.............c 475, 503. 506

Dimethyl ether................... 475, 504. 505, 507, 509
C3HqO

Propionaldehyde..................cc 503
CsH:O

Isopropanol ... 475. 503, 506
C-HsO

Methoxybenzene............c.ociiiiiiiiiin. 509
CHyF

Fluoromethane....................coo 492
CH.F,

Difluoromethane..................co 492
CHF,

Trifluoromethane.........c.oo 492, 505
CoHsF

Fluoroethylene................... 473, 498, 507
C,H,F»

1.1-Difiuoroethylene... ... 473.498. 507
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1,2-Difluoroethylene........ccccooeviiinininini. 473,498  C.HsCl
cis-1,2-Difluoroethylene............c.oooiiiiiin, 498, 507 Chloroethylene..........ccoooiiiiiiiiiiiiinen, 473, 498
trans-1,2-Difluoroethylene........... OTURT 498,507  C:HsCl
CHE Chloroethane.......c....oooiiiieiiiiiiiiiinene e, 472, 487
Trifluvrvethylene..cooooiviiiniieniininiene. 498, 508  Call«Cl ‘
Cly 1,2-Dichloroethane..................ovviiiiennans... 492
Tetrafluoroethylene.............. 473, 498, 506, 508, 509  CsH:Cl :
CaHsF 2-Chloropropane...........ccccueevuneiveinnennennnns 472, 488
2-Fluoropropene..........c.ceeeviiinininiins 474, 499, 508  CsHoCl
3-Fluoropropene............ccocvivniiininanns 474, 499, 508 2-Chlorobutane..........cc.c.cooeiviiiiiiiniiaiann. 472, 489
CoHaF, 1-Chloro-2-methylpropane.............c....c...... 472, 489
1,1-Diflucropropene.........cccoeeneeninninien 474, 499, 508 2-Chloro-2-methylpropane......................... 472, 490
CyHsFs CsHi: Cl
3,3,3-Trifluoropropene...........coceoueneene 474, 499, 508 1-Chlore-2,2-dimethylpropane..................... 472, 491
CyFe CH,Cl '
Hexafluoropropene...........c.cc...... 474, 499, 506, 507 Chlorobenzene.........ccocvvveiveiniiiiiiniinennnes 474, 501
CsH-F CHisCl
4-Fluoro-1-butene.............ccoevinienins 474, 499, 508 1-Chloroheptane..........vcooiviviviieinninenvnnnnes 472, 492
CsHsF5 . CCLO
2-Trifluoromethylpropene................... 474, 499, 508 Dichloroformaldehyde............c.cccovevuneeneee. 475, 503
1,1,2-Trifluoro-1-butene..........e....c...... 474, 499, 508  CaFsCl
C4Fe Trifluorochloroethylene.............cccoevvvenn... 499, 509
1,3-Hexafluorobutadiene.............. 474, 499, 506, 507  CoF:Cle
CoHsF 1,1-Difluoro-2,2-dichloroethylene................. 499, 509
Fluorohenzene . ... 474,501, 509  CH-Br
C:HsFs Bromomethane............cccoveeiiiiniin, 472, 486, 505
Trifluoromethylbenzene.............cocoieeeeennnn., 509  CoH3Br
CF.0 ) Bromoethylene.........ccoovviiiiiiiiiiniiinnne, 473, 498
Difluoroformaldehyde.............oooiviiviinannnnn. 503 CoHsBr
CH;Cl Bromoethane...........ccoviviiiiiiiiininiicenns 472, 487
Chloromethane...........c.ocooeeeevinnn..n. 472, 485, 505  CiH:Br ;
CHCls 2-Bromopropane...........cocceveuiininiiiininiinnnnn. 472, 488
Trichloromethane.............c.o.ooooiiiiiiiiinnnnn, 492 CHdBr
CCls 1-Bromobutane...............ooiiiiiiiiiiiiian, 472, 490
Tetrachloromethane..............cc.cooooeeeeinan. 472, 486 1-Bromo-2-methvlpropane.......................... 472, 491
6. Author Index to Bibliography
AL TL ot 188 Braun, W, e e 104
Allen, E. Rooiiiiiiiiii e, 5 Brennen, W.......oioiiiiiii 36,201
Amichai, G...ooveviiiiiiiii e, 162 Brown,J. M., 29
Arrington, C. Ao 36,201 Browne, W. G, 91
Ashmore, P. G...cooooviviiiiiiiiee, 133
Atkinson, R.. ..o, .. 128,150
Avery, Ho Eoooocivieeeeeeeeea, 110,165  Cadle, R Do 5,50
AVIAMENKo, L. Lovverunnireseeesieeeee e, g, Callear, A. B 24
6,8,31,40, 41343’47,54’ 57,116,13], Camaggi, G o TRTTRPRTPPPR 156
AVINg, A Buotiiiiiiee e 96 Carr, R W Jro 82
Azatyan, V. V..oocoovennnirinnnn 1,61, 62,64,68,74,110  Castellion. G. A .. e 172
Christie, M. T... ool 66
Bader, R.F. Woo oot 123 Chu, J. Co s 188
Bayes, K.D.oooooviii 151,179,180 Clark, A. Hoooooiii e 91
Benson, S. Wit e, 139,195  Clough, P. N 107,152
Bergomi, A.....ocoooiiiiiiiiiii s 156 Cohen, N.. . oo 22
Bonanno, R. Ao 187  Collins, B. M.o.ioviiiiiiiii e, 66
Boocock, Gevrirvrnnnniiiiiiiiiiieinin, erereeieean, 45 Connor, Jo. i 106
Bradley, J. N v, 86 Creek, D. Mo 173

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973



512 J. T. HERRON AND R. E. HUIE

Cvetanovic, R. Jooeii e, 11,
14, 20, 23, 26, 27, 28, 39, 45, 46, 52, 59,
63, 97, 98, 110, 112, 120, 121, 127, 128,
134, 138, 150, 194

Daby, E. E .o, 85,87
Dalby, F. W...ccovennen.. . 155
Davis, D.covvvinninienn, 77,104,118, 130,166, 168, 201
Dean, A. M .o, 105
deHaas, N..........oooiiiiiiine, 9,25,75,80,183
DeMore, W. B..ooouiiieie e 198
Doyle, L. Coovvrereeie e 121,138
Dryer, F. L.t 181
Dzotsenidze, Z. G..ooooovvviniiiieiieiiiiein. 65
Elias, Lo, 10,19
Endow, N 17
Eusuf, M. .. e, 171
Fair, R0 W, 106
Fenimore, C. P, 56,70,71,176
Fush, A 145
Foner, S. N 157
Fontijn, A ..o 161
Ford, W. . 17
Frazier, G. C., Jr. oo 73
Froben, F. W.. i, 84
Gaedtke, H..oooo oo 182
Gangi, R A .o 123
Gay, L Do 82
Glanzer, K. oo 182
Glass, G. P 36, 38,82, 89
Glassman, I1............... e 181
Gollnick, K.........ooooneill enetereteenrnareaaranraanan 169
GOzZ0, F oo 156
Grant, R. C. S 190
Gray, P 160,167
Greene, F. Do 142
Greqg, G 200
Grovenstein, E., Jr...oooooiiiiiiiiil 90
Gutman, Do 177,178,191
Haller, I.................... et e 184
Heath, 5. J.ooiriii e 165
Heicklen, J..... 12,13.15, 16,18, 21,22, 58,129, 140, 154
Berron, J. T, s 60,

76, 77, 18, 99, 102, 104, 118, 130, 163,
166, 168, 202

Hikita, Teoenee i 72
Hippler, H. oo, 182
Hoffmann, R ... .. I F 170
Hoyermann, K......ooooiiiiiiiiiiiiien, 33,37
Hudson, R. L., 157
Hughes, A. N, 132
Huie,R.E..... 60,76,77,102,104, 118, 130, 166, 168, 202

J. Phys. Chem. Ref. Dota, Vol. 2, No., 3, 1972

Tkawa, T 122
Jaffe, S.ovrr 189,190
James, G. S 89
Jarvie, J. M. S 20
Jennings, K. R.....ooooii i, 44,79, 83
Jonathan, N 92,174,175
Jones, G.R. H.oooi i 52
Jones, G. Waoiii 56,70,71,176
Jones, L. T. N .o oot e e 179,180
Klemm, R. B 201
Kanofsky, J.R....ooiiii 177,178,191
Kasimovskaya, R. R................ e 137
Kato, Ao 39,59
Kaufman, F.o.ooooo e 100,117
Kaufman, M.......oooviiiiinii e, 101
Kawasaki, H......oooooi i 49
Keith, J oo 189
Kistiakowsky, G. B 38,105
Klein, R.ooovviiiiiiil, 103,113, 114,115,132, 193
Knight, Voo e 18,154
Kolb, C. Eor e 101
Kolesnikova, R. V.. oo 2,

6,8,31,40,41,43,47,54,57,116, 131
Kooyman, W. J.... e, 73
Kurylo, M. J oo 104, 149
Kuznetsova, N. L........oooiiiiiieieiene, 6, 43,54
Kuwa, Moo 122
Lau, HoH .o 142
Lee, J-Ho oo 187
LeFevre, H. F ool 141
Leppin, E.o o 169
Liu, Y. S 185
Lucas, Do 177,178
Luther, K. ..o 182
Mani, Lo o 67
Marsh, G..ooviiiiii e, 58
Mayer, S. WL e, 69
McFarlane, R. A ... 185
McMillan, G. R 144
Meagher, J. Fooooir i 141
Mearns, A. M. oo 197
Melliar-Smith, C. M., 173
Meng-yuan, T........coooiiiiiiii, 1,61,68
Mever, J. Ao 94
Michael, J. V.o 36,38
Mitchell, R. Coooooiii i 111]
Mori, S, 48, 49
MOTTis, A .o 174
Morris, A J. 197
Morris, E. Do, Jreeo 159
Mosher, A. Jo.oo L 920
Moss, S. Jooeiriii i 44,79, 83, 146
Mulcahy, ML F. R, 158



RATE CONSTANTS FOR REACTIONS OF ATOMIC OXYGEN 513

Nalbandyan, A. B.............. 1,61,64,65,68,74,81,119
Neagu, V.o 170
Neumann, M. C.ooooiiiiiiiiiiiirneees 92
Niki, H... 34, 35, 36, 38, 51, 82, 85, 87, 124, 125,126, 159
Noyes, W. A, Jro..ooooeniis et 172
O’Donovan, J. T e 53
Oganesyan, K. T....o oo, 65
O1shi, Koo 48
Okuda, Moo 174
ONeal, H E .o s 139
Oprandi, V..coooooiiiiiiiii 156
Orlov, V. Ma e 136
Osterholtz, F. Do 142
Othmer, D. Foovri e 188
Padiva, Ao i 143
Papadopoulos, C.......coooiiiiiiiiiiiiiien 133
Parsamyan, N. T 64, 81
Penzhorn, R. Do 78
Pethard, M. R......oo e 158
Pimentel, G. C..ovrvvirii 184
Ponomarev, A. N.......c..oooiiiiiiiin. 135,136,137
Poonzag, K.....ocoiiniiiii 187
Porter, R. P 91
Postnikov, L. Moo, ereeeeas 131
Potter, A. E., Jreoviii e 3,4
Powers, J. W .. e 50
Pravilov, A. M. .. Q93
“Preston, K. Fooi i 97
Quickert, K. Ao 175
Ring, D. Foorrr 138
Sachyan, G. A....ooiiiviine et 65
Sakai, Nooioriiiiiii e 186
Sat0, S.ir s 26,27,28,134
Sauer, C., JTeoi i, 67
Saunders, D.....oooooiiiii e, 13,1516
Savinova, G. L..ooiiiiiiiiiiiinnnnn 2,8,31,40,47,57
Savitz, M. R 142
Scala, A. Ao 88
Scheer, M. D.......c.cceenil . 103,113,114,115,132,193
Schieler, L....ooooviiiiii e 69
Schiff, H. I....... s 10, 42
Schwartz, S. E....ooooiiiiiiiiiiin, 107
Setser, D. Wi 94, 196
Shaw, R, 167
Shida, S.ovii i 186
Silakhtaryan, N. T, 74
Simons, J. P 111
Smith, D. B 108
Smith, D, S 174

Smith, L. W. M.......... 24,55
Smith, W. Nu.oooiieeereeceeeeeeee e, 142
Sorokina, M. F.ooooiiiiiiiiiee e 41
Steacie, E. W. R 153
Stedman, D. H......o.. 159
Stockburger, L., ..., 129
Strausz, O. P 106
Stuckey, W. K. ..., 12,21
Stuhl, Foo 124,125,126
Style, D. W. G.oov 160
Sullivan, J. O...ooooii 30
Takezaki, Y.oooiiiiie i 48,49
Tanaka, C..oovvvieei 72
Terao, T e e e aes 186
Thrush, B. A voovoeeeeeeeeeeeese e, 29, 95,107, 152
Thynne, J. C.J oo 167,200
Timmons, R.B......oooii 141,187
Treinin, A .o 162
Troe, Joeuir i 182
Tse, R. S e eees 86
Tsuchiya, oo 122
Tsuchiya, S....oooiiii e, 72
TS UL, MovY e 119
Tyerman, W. J. Ro.oo e, 32
Tyler, B. J e 133
Ung, A. Y.- Moo, 42
Van Roodselaar, A........ooooiin, 106
Verlin, J. Do, 91
Vilesov, F. Lol 93
Wagner, H. G....ooooooiii, 33,37,1711
Walker, R. E.o oo, 109
Walling, C..oovvviniiniiii e 143
Wan, C. C.ooeeiii e, 170
Warnneck, P..ooooooviiiiiiie e 30
Weinstock, B........coooienin. s 34, 85,87
Westenberg, A. Aol 9,25,75, 80,183
Williams, A.cooviiii 108
Williams, D. J.ooooi L 96
Williamson, D. G...................... ST 148,151
Wilson, W. E., Jrooooi 53
Wolfrum, J.ooio 33,37
Wolga, G. T.oooriii e, 185
Wong, E. Lo 3,4
Wright, F. J oo, 7,14

Wu, WoT e 88
Yamazaki, Ho..... oo, 120
Zanet, P. M. 142

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973



514 4. T. HERRON AND R. E. HUIE

7. Bibliography®

[1] Azatyan, V. V., Nalbandyan, A. B., and Meng-yuan, Ts’uj,
“Determination of Rate Constants for the Reaction of Atomic
Oxygen with Methane”, Kinetika i Kataliz 5, 201 (1964).

[2] Avramenko, L. 1., Kolesnikova, R. B., and Savinova, G. 1.,
“Rate Constants of Reactions of Oxygen Atoms with n-Octane
and cis-and-trans-Butenes-2”, lzvest. Akad. Nauk SSSR,
Ser. Khim 253 (1967).

[3] Wong.E. L..and Potter, A. E., Jr.. “Reaction Rates of Hydrogen,
Ammonia, and Methane with Mixtures of Atomic and Molec-
ular Oxygen”, J. Chem. Phys. 39, 2211 (1963).

[4] Wong, E. L., and Potter, A. E., Jr., “Mass-Spectrometric In-
vestigation of Reaction of Oxygen Atoms with Methane”,
Can. J. Chem. 45, 367 (1967).

[5] Cadle, R. D., and Allen, E. R., “Kinetics of the Reaction of
O(P) with Methane in Oxygen, Nitrogen, and Argon-Oxygen
Mixtures”, J. Phys. Chem. 69, 1611 (1965).

{6) Avramenko, L. L., Kolesnikova, R. V., and Kuznetsova, N. L.,
“Rate Constants and Mechanism of Reactions of Oxygen
Atoms with Methane and Ethane”, lzvest. Akad. Nauk SSSR,
Otdel, Khim. Nauk 620 (1963).

[7] Wright, F. J., “The Reaction of Oxygen Atoms with Neopentane
and Other Alkanes: Mechanism and Rates”, Tenth Sym-
posium (International) on Combustion, p. 387 (The Combus-
tion Institute, Pittsburgh, 1965).

[8] Avramenko, L. I., Kolesnikova, R. V., and Savinova, G. 1., “Rate
Constant and Mechanism of the Reaction of Oxygen Atoms
with n-Butane”, Izvest. Akad. Nauk SSSR, Otdel. Khim.
Nauk 976 (1963).

[9) Westenberg, A. A.. and deHaas, N., “Atom-Molecule Kinetics
at High Temperature Using ESR Detection. Technigue and
Results for O+ H., O+ CHs, and O+ C:Hs”, J. Chem. Phys.
46, 490 (1967).

[10] Elias, L., and Schiff, H. 1., “Absolute Rate Measurements of
O-Atom Reactions with Ethylene and with Butane”, Can. J.
Chem. 38, 1657 (1960).

[11] Cvetanovic, R. J., “Temperature Dependence of the Rates of
Addition of Oxygen Atoms to Olefins”, J. Chem. Phys. 33,
1063 (1960).

[12] Stuckey, W. K., and Heicklen, J., “Some Reactions of Oxygen
Atoms. HI. Cyclopropane, Cyclobutane, Cyclopentane, and
Cyclohexane”, J. Chem. Phys. 46, 4843 (1967).

[13] Saunders, D., and Heicklen, J., “Some Reactions of Oxygen

' Atoms, L CoFs, CsFs, C2H., CzHa, C:;Hﬁ, 1~C4Ha, C2Hs,
¢-CyHe. and C:in”. J th)’S. Chem, 709 ]950 (]966).

[14] Cvetanovic, K. J., “Kelative Rates of Heactions of Oxygen
Atoms with Olefins”, J. Chem. Phys. 30, 19 (1959).

[15] Saunders, D., and Heicklen, J., “The Reaction of Oxygen
Atoms with Perfluoropropene”, J. Am. Chem. Soc. 87, 4062
(1965).

[16} Saunders, D.. and Heicklen, J.. “The Reaction of Oxygen
Atoms with Tetrafluoroethylene”, J. Am. Chem. Soc. 87,
2088 (1965).

[17] Ford, H. W., and Endow, N., “Rate Constants at Low Concen-
trations. V. Reactions of Atomic Oxygen with Various
Hydrocarbons™, J. Chem. Phys, 27, 1277 (1957).

{18] Heickien, J.. and Knight, V., “Further Examination of the
Reaciion of Oxygen Atoms with Perfiucropropene™, J. Chem.
Phys. 47, 4203 (1967).

{19] Elias, L., “Reinvestigation of Some Absolute Rate Measure-
ments of O-Atom Reactions with Olefins”, J. Chem. Phys.
38, 989 (1963).

[20] Jarvie, J. M. S.. and Cvetanovic, R. J., “Reactions of Oxygen
Activated by Electrical Discharge with Butene-1”, Can. J.
Chem. 37, 529 (1959).

“ Note that all entries in the bibliography are not necessarily cited in text or tables.

J. Phys. Chem. Ref. Daie, Vol 2, No. 3, 1972

[21] Stuckey, W., and Heicklen, J.. “Perfluorocyclopropene and Its
Isomers™, J. Am. Chem. Soc. 90, 3952 (1968).

{22] Cohen, N., and Heicklen, J., *“The Production of Perfluorocyclo-
propane in the Reaction of Oxygen Atoms with Tetrafluoro-
ethylene”, J. Phys. Chem. 70, 3082 (1966).

[23) Cvetanovic, R. J., “Molecular Rearrangements in the Reactions
of Oxygen Atoms with Olefins”, Can. J. Chem. 36, 623
(1958).

[24] Callear, A. B., and Smith, I. W. M., “Measurement of the Rate
Parameters for Reaction of O(2*P) with Carbon Disulphide
and Olefines, by Flash Speciroscopy”, Nature 213, 382 (1967).

[25) Westenberg, A. A., and deHaas, N., “Absolute Measurements
of the O+ C:H:s Rate Coefficient”, Twelfth Symposium
(International) on Combustion, p. 289 (The Combustion In-
stitute, Pittsburgh, 1969).

[26] Sato, S.. and Cvetanovic, R. J., “Photooxidation of Butene-1 and
Isobutene by Nitrogen Dioxide”, Can. J. Chem. 36, 970
(1958).

[27] Sato, S., and Cvetanovic, R. J., “Photooxidation of Butenes by
Nitrogen Dioxide at Different Wave Lengths”, Can. J. Chem.
36, 1668 (1958).

28] Sato, S., and Cvetanovic, R. J., “The Effect of Molecular Oxygen
on the Reaction of Oxygen Atoms with cis-2-Pentene”, Can.
J. Chem. 37, 953 (1959).

[29] Brown, J. M., and Thrush, B. A., “E.S.R. Studies of the Reac-
tions of Atomic Oxygen and Hydrogen with Simple Hydro-
carbons”, Trans. Faraday Soc. 63, 630 (1967).

[30] Sullivan, J. O., and Warneck, P., “Rate Constam for the Reac-
tion of Oxygen Atoms with Acetylene”, J. Phys. Chem. 69,
1749 (1965).

[31] Avramenko, L. 1., Kolesnikova, R. V., and Savinova, G. 1.,
“Mechanism and Rate Constant of the Reaction of Oxygen
Atoms with Acetylene”. Izvest. Akad. Nauk SSSR, Ser. Khim.
408 (1965).

[32] Tyerman, W. ). R.. “Rate Parameters for Reaction of Oxygen
Atoms with CoFs, CF:CFCl] and CF:CCly”, Trans. Faraday
Soc. 65, 163 (1969).

[33] Hoyermann, K., Wagner, H. Gg., and Wolfrum, J., “Zur Reaktion
O+ C:H: = CO+ CH,”, Z. Phys. Chem., (Frankfurt am
Main) 63, 193 (1969).

[34] Niki, H., and Wemstock, B., "Keaction of O(*#} Atoms with
Diacetylene”, J. Chem. Phys. 45, 3468 (1966).

[35) Niki, H., “Erratum: Reactions of O(P) Atoms with Formalde- -
hyde and Diacetylene™, J. Chem. Phys. 47, 3102 (1967).

[80} Arringtor, C. A., Brennen, W., Glass, C. P., Michael, J. V., and
Niki, H., “Reactions of Atomic Oxygen with Acetylene. 1.
Kinetics and Mechanisms”, J. Chem. Phys. 43, 525 (1965).

[37] Hoyermann, K., Wagner, H. Gg., and Wolfrum, J., “Unter-
suchung der Reaktionen von C;H: mit H-und O-Atomen
mittels Elektronen-Spin-Resonanz”, Z. Physik. Chem.,
(Frankfurt am Main) §5, 72 (1967).

[38] Glass, G. P.. Kistiakowsky, G. B., Michael, J. V., and Niki, H.,
“Mechanism of the Acetylene-Oxygen Reaction in Shock
Waves”, J. Chem. Phys. 42, 608 (1965).

[39] Kato, A., and Cvetanovic, R. J., “Reactions of Oxygen Atoms
with 2.Propanol and Methanol”, Can. J. Chem. 46, 235 (1968).

{40] Aviamnenko, L. I., Kolesnikova, R. V., and Savinova, G. 1.,
“Rate Constanis and Mechanism of Reactions of Oxygen
Atoms with Ethanol and Propionaldehyde”, Izvest. Akad.
Nauk SSSR, Ser. Khim 22, (1967).

[41] Aviameuko, L. 1., Kolesnikova, K. V., and Sorokina, M. F.,
“Rate Constant and Mechanism of the Reaction of Atomic
Oxygen with Acetaldehyde”, Iavest. Akad. Nauk SSSR,
Otdel. Khim. Nauk 1005 (1961).

[42] Ung A. Y-M.. and Schiff, H. 1., “The Reaction of Oxygen Atoms
with Carbon Tetrachioride”, Can. }. Chem. 40, 486 (1962).



RATE CONSTANTS FOR REACTIONS OF ATOMIC OXYGEN 515

[43] Avramenko, L. I., Kolesnikova, R. V., and Kuznetsova, N. L.,
“Rate Constant and Mechanism of the Reaction of Atomic
Oxygen with Methyl Alcohol”, Izvest. Akad. Nauk SSSR,
Otdel. Khim. Nauk 599 (1961).

[44] Moss, S. 1., and Jennings, K. R., “Reaction of Oxygen Atoms
with 2-(Trifluoromethyl)-Propene”, Trans. Faraday Soc. 64,
680 (1968).

[45] Boocock, G., and Cvetanovic, R. J., “Reaction of Oxygen Atoms
with Benzene”, Can. J. Chem. 39, 2436 (1961).

[46] Cvetanovic, R. J., “Reaction of Oxygen Atoms with Acetalde-
hyde”, Can. J. Chem. 34, 775 (1965).

[47] Avramenko, L. I., Kolesnikova, R. V., and Savinova, G. L.,
“Rate Constants of Reactions of Oxygen Atoms with Cyclo-
hexane and Benzene”, Izvest. Akad. Nauk SSSR, Ser. Khim
28 (1965).

148} Takezaki, Y., Oishi, K., and Mori, S., “Kinetic Study on the
Reaction of Oxygen Atoms with Dimethyl Ether by Means of
Mass Spectrometer”, Bull. Inst. Chem. Res., Kyoto Univ. 44,
341 (1966).

[49] Takezaki, Y., Mori, S., and Kawasaki, H., “The Reaction of
Oxygen Atoms with Dimethyl Ether”, Bull. Chem. Soc.
(Japan) 39, 1643 (1966).

[50] Cadle, K. D., and Powers, ). W., *"The Keaction of O(*F) with
Acetaldehyde in a Fast-Flow System”, J. Phys. Chem. 71,
1702 (1967).

[51] Niki, H., “Reaction of O(3P) Atoms with Formaldehyde”, J.
Chem. Phys. 45, 2330 (1966).

[52] Jones, G. R. H., and Cvetanovic, R. J., “Reaction of Oxygen
Atoms with Toluene”, Can. J. Chem. 39, 2444 (1961).

[53] Wilson, Wm. E., Jr., and O’Donovan, J. T., “Rate Constants for
the Keaction of Oxygen Atoms with CHsCl, CHsBr, and
CF3;H”, J. Chem. Phys. 48, 2829 (1968).

{541 Avramenko, L. I., Kolesnikova, R. V., and Kuznetsova, N. L.,
“Rate Constant and Mechanism of the Reaction of Atomic
Oxygen with 1,2-Dichlorethane”, lzvest. Akad. Nauk SSSR,
Otdel. Khim. Nauk 1565 (1961).

[55] Smith, 1. W. M., “Rate Parameters for Reactions of O(23P)
with CSz, NO;, and Olefins””, Trans. Faraday Soc. 64, 378
(1968).

[56] Fenimore, C. P., and Jones, G. W., “Destruction of Acetylene
in Flames with Oxygen”, J. Chem. Phys. 39, 1514 (1963).

[57] Avramenko, L. I., Kolesnikova, R. V., and Savinova, G. 1.,
“Rate Constants and Reaction Mechanisms of Uxygen Atoms
with Ethylene, Propylene, and Isobutylene”, Izvest. Akad.
Nauk SSSR, Otdel, Khim. Nauk 36 (1963).

[58] Marsh, G., and Heicklen, J., “Some Reactions of Oxygen Atoms.
11. Ethylene Uxide, Dimethy! Kther, n-CsHao, and Isooctane”,
J. Phys. Chem. 71, 250 (1967).

[59] Kato, A., and Cvetanovic, R. J., “Reaction of Oxygen Atoms

with Ethanol”, Can. J. Chem. 45, 1845 (1967).

[60] Herron, J. T., and Huie, R. E., “Rates of Reaction of Atomic
Oxygen. II. Some C: to Cs Alkanes”, J. Phys. Chem. 73,
3327 (1969).

[61] Azatyan, V. V., Nalbandyan, A. B., and Meng-yuan, Ts’ui,
“Determination of Kate Constants for the Reaction of Atomic
Oxygen with Ethane”, Doklad. Akad. Nauk. SSSR 147, 361
(1962).

162] Azatyan, V. V., “Combustion Limitation Method in the Hetero-
geneous Termination of Chains in (the) Diftusion Kange”,
Arm. Khim. Zh. 20, 577 (1967).

163} Cvetanovic, R. J., “Addition of Atoms to Olefins in the Gas
Phase”, Advan. Photochem. 1, 115 (1963).

|64] Parsamyan, N. I, Azatyan, V. V., and Nalbandyan, A. B.,
“Determination of Reaction Rate Constants of Atomic Hydro-
gen and Oxygen with Methyl Fluoride”, Arm. Khim. Zh. 20,
950 (1967).

{65] Dzogsenidze, Z. G., Oganesyan, K. T., Sachyan, G. A., and
Nalbandyan, A. B, “Mechanism of Reacting Atomic Oxygen

with Ethyl Alcohol”; Arm. Khim. Zh. 20, 983, (1967).

[66] Christie, M. 1., and Collins, B. M., “Reaction of Oxygen Atoms
(3P) with Acetaldehyde”, Nature 218, 1245 (1968).

[67] Mani, 1., and Sauer, M. C., Jr., “Pulsed-radiolysis Study of the
Gas-phase Reaction of Oxygen Atoms with Benzene and Re-
lated Compounds: Rate Constants and Transient Spectra”,
Advan. Chem. Ser. 82, 142 (1968).

[68] Azatyan, V. V., Nalbandyan, A. B., and Meng-yuan, Ts'ui,
“Determination of the Rate Constants of the Elementary
Reactions of Atomic Hydrogen and Oxygen with Ethylene”,
Doklad. Akad. Nauk. SSSR 149, 1095 (1963).

[69] Mayer, S. W., and Schieler, L., “Aotivation Energies and Rate
Constants Computed for Reactions of Oxygen with Hydro-
carbons’’, J. Phys. Chem. 72, 2628 (1968).

{70] Fenimore, C. P., and Jones, G. W., “Rate of Reaction of Methane
with H Atoms and OH Radicals in Flames”, J. Phys. Chem.
65, 2200 (1961).

[71] Fenimore, C. P., and Jones, G. W., “The Decomposition of
Ethylene and Ethane in Premixed Hydrocarbon-Oxygen-
Hydrogen Flames”, Ninth Symposium (International) on
Combustion, p. 597 (Academic Press, N.Y., 1963).

[72] Tanaka, C., Tsuchiya, S., and Hikita, T., “Reaction of Oxygen
Atoms and Ethylene”, J. Fac. Eng., Univ. Tokyo, Ser. A. 1967,
No. 5. (1), 62.

[73] Frazier, G. C., Jr., and Kooyman, W. J., “Application of the Point
Source Technique to the Study of Fast, Second-order, Gas-
phase Reactions”, Chem. Eng. Sci. 23, 353 (1968).

[74] Azatyan, V. V., Nalbandyan, A. B., and Silakhtaryan, N. T.,
“Atomic Oxygen and Hydrogen Reactions with Propylene”,
Izv. Akad. Nauk Arm,. SSSR, Khim. Nauki 17, 117 (1964).

[75] Westenberg, A. A., and deHaas, N., ““A Reinvestigation of the
Rate Coefficients for O+H; and O+ CHs”, J. Chem. Phys.
50, 2512 (1969).

[76] Herron, J. T., and Huie, R. E., “Rates of Reaction of Atomic
Oxygen (0%P). Experimental Method and Results for Some
Ci to Cs Chloroalkanes and Bromoalkanes”, J. Phys. Chem.
73, 1326 (1969).

{77] Huie, R. E., Herron, J. T., and Davis, D., “Rates of Reaction of
Atomic Oxygen with C:HsF, C:HsCl, CoHsBr, 1,1-CoHeF: and
1,2-C2H.F2”, Int. J. Chem. Kinetics 4, 521 (1972).

[78] Herron, J. T., and Penzhorn, R. D., “Mass Spectrometric Study
of the Reactions of Atomic Oxygen with Ethylene and For-
maldehyde”, J. Phys. Chem. 73, 191 (1969).

[79] Moss, S. J., and- Jennings, K. R., “Relative Rate Constants for
the Reaction of Ground-State Oxygen Atoms with Partly
Fluorinated Propylenes and Butenes”, Trans. Faraday Soe.
65, 415 (1969).

[80] Westenberg, A. A.. and deHaas, N.. “Absolute Measurements
of the O+ C;H: Rate Coefficient”, J. Phys. Chem. 73, 1181
(1969).

[81] Parasamyan, N. L. and Nalbandyan, A. B., “Determination of
Rate Constants for the Reactions of H and O Atoms with Di-
fluoromethane”, Arm. Khim. Zh. 21, 1003 (1968).

[82] Carr, R. W., Jr., Gay, 1. D.. Glass, G. P., and Niki, H., “Reaction
of Ketene with Atomic Hydrogen and Oxygen”, J. Phys.
Chem. 49, 846 (1968).

[83] Moss, S. J., and Jennings, K. R.. “The Reactivity of Ground-
State Oxygen Atoms. with Fluorine-Substituted Oletfins”,
Twelfth Symposium (International) on Combustion, p. 301
(The Combustion Institute, Pittsburgh, 1969).

[84] Froben, F. W., “Die Reaktion von O-Atom mit Methan, Chlor-
form und Tetrachlorkohlenstoff”’, Ber. Bunsenges. Physik.
Chem. 72, 996 (1968).

{85} Niki, H., Daby, E. E., and Weinstock, B., “Reaction of Atomic
Oxygen with Methyl Radicals”, J. Chem. Phys. 48, 5729
(1968).

[86] Bradley, J. N., and Tse, R. S., “Electron Spin Resonance Study

J. Phys, Chem. Ref. Data, Vol. 2, Ne. 3, 1973



516

of the Reaction Between Oxygen Atoms and Acetylene”,
Trans. Faraday Soc. 65, 2685 (1969).

[87] Niki, H., Daby, E. E., and Weinstock, B., “Mass Spectrometric
Study of the Kinetics and Mechanism of the Ethylene-Atomic
Oxygen Reaction by the Discharge-Flow Technique at
300 °K”’, Twelfth Symposium (International) on Combustion,
p. 277, (The Combustion Institute, Pittsburgh, 1969).

[88] Scala, A. A., and Wu, Woo-Tien., “The Reaction of (3P;) Oxygen

‘ Atoms with Cyclopropane”, J. Phys. Chem. 74, 1852 (1970).

[89] James, G. S., and Glass, G. P., “Some Aspects of Acetylene
Oxidation”, J. Chem. Phys. 50, 2268 (1969).

[90] Grovenstein, E., Jr., and Mosher, A. J., “Reaction of Atomic
Oxygen with Aromatic Hydrocarbons”, J. Am. Chem. Soc.
92, 3810 (1970).

[91] Browne, W. G., Porter, R. P.. Verlin, J. D., and Clark, A. H.,
“A Study of Acetylene-Oxygen Flames”, Twelfth Symposium
(International) on Combustion, p. 1035 (The Combustion
Institute, Pittsburgh, 1969).

[92] Neumann, M. C., and Jonathan, N., “Reaction of 3P Oxygen
Atoms with Dimethyl Ether and trans-But-Z-ene”, J. Chem.
Soc. (B) 167 (1970). ’

{93} Vilesov, F. 1., and Pravilov, A. M., “Reactions of Atomic Oxygen
with Methane During the Gas-Phase Photolysis of An Oxygen-
Methane Mixture at 1925-1550 A”, Khim. Vys. Energ. 4.,
220 (1970). '

[94] Meyer, J. A., and Setser, D. W., “Chemiluminescence from the
reaction of Oxygen Atoms with Dicyanoacetylene”, J. Phys.
Chem. 74, 3452 (1970).

[95] Thrush, B. A., “The Study of Elementary Gas Reactions in Flow
Systems”, Ber. Bunsenges. Physik. Chem. 72, 996 (1968).

[96] Ayline, A. B., and Williams, D. J., “A Direct-Reading Apparatus
for Determining the Rate Constants of Atomic Reactions”,
Chem. Instrumentation 2, 149 (1970).

[97] Preston, K. F., and Cvetanovic, R. J., “The Photooxidation of
Butene-1 by Nitrogen Dioxide at Short Wavelengths”, Ber.
Bunsenges. Physik. Chem. 72, 177 (1968).

[98] Cvetanovie, R. J., “Reaction of Oxygen Atoms with Ethylene”,
J. Chem. Phys. 23, 1375 (1955).

{99] Herron, J. T., “An Evaluaiion of Raie Data for the Reaciions of
Atomic Oxygen (O3FP) with Methane and Ethane”, Int. J.
Chem. Kinetics k, 527 (1969).

[100] Kaufman, F., “The Air Afterglow and Its Use in the Study of -

Suine Reactions of Alvwmic Oxygen”, Proc, Roy. Soc. AZ47%,
123 (1958).

[101] Kaufman, M., and Kolb, C. E., “Molecular Beam Analyser for
Identifying Transient Intermediates in Gaseous Reactions™,
Chemical Instrumeniation &, 175 (1971).

[102] Huie, R. E.. and Herron, J. T.. “Rates of Reaction of Atomic
Oxygen IIl. Spiropentane, Cyclopentane, Cyclohexane, and
Cycloheptane”, J. Res. Nat. Bur. Stand. (U.S.) T6A. 77(1972).

[103] Kicin, R., and Schcer, M. D., “Mcchaniam of O(*P) Additien
to Condensed Films. II. Propene, 1-Butene, and Their Mix-
tures”, J. Phys. Chem. 72, 616 (1968).

{104] Davis, D. D., Huie, R. E., Herron, J. T., Kurvlo, M. J., and
Braun, W., “Absolute Rate Coustants for the IReaction of
Atomic Oxygen with Ethylene Over the Temperature Range
232-500°K”, J. Chem. Phys. 56,4868 (1972).

[105] Dean, A. M., and Kistiakowsky, G. B., “Oxidation of Carbon
Munuxide/Methane Mixture: in Shock Waves™, J. Cheu..
Phys. 54, 1718 (1971).

[106] Connor. J.. Van; Rocdselaar, A., Fair, R. W., and Strausz,
0. P.. “The Addition of Group VI Atoms to Tetramethyl
cthylenec. An Additivn Reaction with a Negative Activation
Energy”, J. Am. Chem. Soc. 93, 560 (1971).

[107] Clough, P. N., Schwartz, S. E., and Thrush, B. A., “Infrared
Chemiluminescence from Carbon Monoxide in the Reactions
of Atomic Oxygen with Acctylenc and Carborn Suboxide™,

Proc. Roy. Soc. A317, 575 (1970).

J. Phys. Chem. Ref. Data, Vol. 2, Ne. 3, 1972

J. 7. HERRON AND R. E. HUIE

[108] Williams, A., and Smith, D. B., “The Combustion and Oxidation
of Acetylene”, Chem. Revs. 70, 267 (1970).

[109] Walker, R. E., “Chemical Reaction and Diffusion in a Catalytic
Tubular Reactor”, Phys. Fluids 4, 1211 (1961).

{110] Avery, H. E., and Cvetanovice, R. J., “Reaction of Oxygen Atoms
with Acetaldehyde”, J. Chem. Phys. 43, 3727 (1965).

[111] Mitcheli, R. C., and Simons, J. P., “The Reaction of Q(23P)
Atoms with . 1,1-Difluoro-olefins”, J. Chem. Soc. (B) 1005
(1968).

[112] Cvetanovic, R. J., “The Biradical Intermediate in the Addition
of the Ground State Oxygen Atoms, O(P), to Olefins”, J.
Phys. Chem. 74, 2730 (1970).

{113} Scheer, M. D., and Klein, R., “Low-Temperature Oxygen Atom
Addition to Olefins. III. Transition State and the Reaction
with cis- and trans-2-Butenes”, J. Phys. Chem. 73, 597 (1969).

[114] Klein, R., and Scheer, M. D., *‘Addition of Oxygen Atoms to
QOlefins at Low Temperature. IV. Rearrangements”, J. Phys.
Chem. 74, 613 (1970).

[115] Scheer, M. D., and Klein, R., “The Addition of O(3P) to Olefins.
The Nature of the Intermediate”, J. Phys. Chem. 74, 2732
(1970).

[116] Avramenko, L. I., and Kolesnikova, R. V., “Mechanisms and
Rate Constants of Elementary Gas Phase Reactions Involving
Hydroxyl and Oxygen Atoms”, Advan. Photochem. 2, 25
(1964).

{117] Kaufman, F., “Reactions of Oxygen Atoms”, Progr. Reaction
Kinetics k, 1 (1961).

[118] Huie, R. E., Herron, J. T., and Davis, D. D., “Absolute Rate
Constants for the Reaction of Atomic Oxygen with 1-Butene”,
J. Phys. Chem. 7§, 3902 (1971).

[119] Azatyan, V. V., Nalbandyan, A. B., and Meng-Yuan, Ts'ui,
“Determination of the Rate Constant for the Reaction of
Atomic Oxygen with Propane and Butane™, Dokl. Akad.
Nauk Arm. SSSR 36, 23 (1963). .

[120] Yamazaki, H., and Cvetanovic, R. [.. “Collisional Deactivation
of the Excited Singlet Oxygen Atoms and Their Insertion into
the CH Bonds of Propane”, J. Chem. Phys. 41, 3703 (1964).

{121] Cvetanovic, R. J., and Doyle, L. C., “Reaction of Oxygen Atoms
with Butadiene™, Can. J. Chem. 38, 2187 (1960).

{122] Tsuchiya, F., Kuwa, M., and Ikawa, T., “Epoxidation of cis-
2-Butene with Oxyger Atom Generated by Photo-induced
Degradaticn of Pyridine N-Oxide and Substituted Pyridine
N-Oxides™, Kogyo Kagaku Zasshi 78, 2655 (1970).

{123] Bader, R. F. W.. and Cangi, R. A., “Theoretical Investigations
of the Chemistry of Singlet and Triplet Species. I. Insertion
and Abstraction Reactions™, J. Am. Chem. Scc. 93, 1831
(1971).

[124] Stuhl, F., and Niki, H., “Detection of Oxygen (*F) Atoms in
Pulsed Vacuum UV Photolysis of NO and its Application to
O Atom Reactions”, Chem. Phys. Letters 7. 197 (1971).

[125] Swuhl, F., and Niki, H., “Measurements of Rate Constants for
Termolecular Reactions of OPP) with NO, Q:, CGO, Ng, and
CO: Using a Pulsed Vaccum UV Photolysis-Chemiluminescent
Method”, J. Chem. Phys. 85, 3943 (1971).

[126] Suwukl, F., and Niki, H., “Determination of Rate Consiants for
Reactions of O-Atoms with C:Ha, CoD», CoHs and CsHe Using
a Pulsed Vacuum UV Photolysis-Chemiluminescent Method™,
J. Chem. Phys. 55, 3954 (1971).

[127] Cvewanovic, R. J., “Elecirophilic Character of Oxygen Atoms™,
Can. J. Chem. 38&, 1678 {1960).

{128] Atkinson, R.. and Cvetanovic, R. J., “Determination of the
Absolute Values of the Rate Constants of the Reactions of
O(P) Atoms with Alkones by e Mudulativn Techniyue”,
J. Chem. Phys. §5, 65¢ (1971

[128] Stockburger, L.. HI. and Heicklen, §., “Reaction of Oxygen
Atoms with 1,3-Perflucrobutadiene”™, J. Am. Chem. Soc. 93,
3331 (1971).

[130] Davis, D. D.. Huie, R. E..

and Herron, J. T., “Direct Rate



RATE CONSTANTS FOR REACTIONS OF ATOMIC OXYGEN

Measurements Showing Negative Temperature Dependence
for Reactions of Atomic Oxygen with cis-2-Butene and Tetra-
methylethylene”, J. Chem. Phys. 59, 628 (1973). )

[131] Avramenko, L. 1., Kolesnikova, R. V., and Postnikov, L. M.,
“New Method of Determining Rate Constants of Elementary
Reactions of Atoms and Radicals”, Izv. Akad. Nauk. SSSR,
Otd. Khim. Nauk 277 (1958).

[132] Hughes, A. N., Scheer, M. D., and Klein, R., “The Reaction
Between (O%P) and Condensed Olefins below 100°K™, J. Phys.
Chem. 70, 798 (1966).

{133] Papadopoulos, C., Ashmore, P. G., and Tyler, B. J., “Reaction
of Oxygen Atoms with Ethane and n-Butane”, Thirteenth
Symposium (International) on Combustion, p. 281. (The Com-
bustion Institute, Pittsburgh, 1969.)

[134] Sato, S., and Cvetanovic, R. J., “Electronic Structure and
Reactivities of Monoolefins”, J. Am. Chem. Soc. 81, 3223
(1959).

[135] Ponomarev, A. N., “The Reaction of Atomic Oxygen, Generated
in the Gas Phase, with Solid Hydrocarbons. 1. Reactions of
Atomic Oxygen with Solid Ethylene at 65-69°K”, Kinetika j
Kataliz 1, 237 (1964).

[136] Orlov, V. M., and Ponomarev, A. N., “The Reaction of Atomic
Oxygen, Generated in the Gas Phase, with Solid Hydrocar-
bons”, Kinetika i Kataliz 7, 419 (1966).

[137] Kasimovskaya, R. R., and Ponomarev, A. N., “Interaction of
Atomic Oxygen Generated in the Gas Phase with Solid Hydro-
carbons”, Kinetika i Kataliz 9, 687 (1968).

{138] Cvetanovic, R. J., Ring, D. F., and Doyle, L. C., “Reaction of
Oxygen Atoms with Cyclopentene”, J. Phys. Chem. 73, 3056
(1971).

[139] Benson, S. W., and O’Neal, H. E., “Kinetic Data on Gas Phase
Unimolecular Reactions”, National Standard Reference Data
Series, National Bureau of Standards, NSRDS-NBS 21, U.S.
Government Printing Office, Washington, D.C. 1970.

[140] Heicklen, J., “Gas Phase Oxidation of Perhalocarbons”, Advan.
Photochem. 7, 102 (1969).

[141] LeFevre, H. F., Meagher, J. F., and Timmons, R. B., “The
Kinetics of the Reactions of O(*P) Atoms with Dimethyl Ether
and Methanol”, Int. J. Chem. Kineties 4., 103 (1972).

{142] Greene, F. D., Savitz, M. L., Osterholtz, F. D., Lau, H. H., Smith,
W. N., and Zanet, P. M., “Decomposition of Tertiary Alkyl
Hypochlorites”, J. Org. Chem. 28, 55 (1963).

{143] Walling, €., and Padiva, A “Pasitive Halagen Componnds
VI. Effects of Structure and Medium on the B8-Scission of
Alkoxy Radicals™, J. Am. Chem. Soc. 85, 1593 (1963).

[144] McMillan, G. R., “Excited Alkoxy Radicals in the Photolysis of
Dialky! Peroxides”, J Am. Chem. Soc. 84, 9514 (1962).

[145] Fish, A., “Radical Rearrangement in Gas-Phase Oxidation and
Related Processes”, Quart. Rev. 18, 243 (1964).

[146] Moss, S. J., “Relative Rate Constants for the Reaction of Ground-
State Oxygen Atoms with Fluarinated Frhylenes”, Trans.
Faraday Soc. 67, 3503 (1971).

[147] Wright, F. J., “Reactions of O Atoms with Isobutane”, J. Chem.
Phys. 38, 950 (1963).

[148] Williamsan, N G, “The Reactinn of O@BP) with Dideuterin.
acetylene”, J. Phys. Chem. 75, 4053 (1971).

[149] Kurylo, M. J., “Absolute Rate Constants for the Addition of
O@P) Atoms to Propylene”, Chem. Phys. Letters 14, 117
(1972).

[150] Atkinson, R., and Cvetanovic, R. J., “Activation Energies of
the Addition of O(*P) Atoms to Olefins”, J. Chem. Phys. 56,
432 (1972).

{151] Williamson, D. G., and Bayes, K. D., “Reactions of Oxygen
Atoms with Acetylene™, J. Phys. Chem. 73, 1232 (1969).

{152} Clough, P. N., and Thrush, B. A., “Infrared Chemiluminescence
from the Reaction of Oxygen Atoms with Simple Hydro-
ocarbone™, Chem. Commun. 1351 (1968).

517

[153] Steacie, E. W. R., “Atomic and Free Radical Reactions” (Rein-
hold, New York, 1954).

[154] Heicklen, J., and Knight, V., “Reaction of Oxygen Atoms with
Tetrafluoroethylene in the Presence of Molecular Oxygen”,
J. Phys. Chem. 70, 3893 (1966).

[155) Dalby, F. W., “Flash Photolysis Measurement of the Kinetics
of CF: Reactions”, J. Chem. Phys. 41, 2297 (1964).

[156] Gozzo, F., Bergomi, A., Camaggi, G., and Oprandi, V., “The
Ozone-Induced Oxidation of Tetrafluoroethylene”, European
Polymer J. 6, 219 (1970).

[157] Foner, S. N., and Hudson, R. L., “‘Mass Spectrometric Studies of
Atom-Molecule Reactions Using High-Intensity Crossed
Molecular Beams”, J. Chem. Phys. 53, 4377 (1970).

[158] Mulcahy, M. F. R., and Pethard, M. R., “Errors in Determining
the Rate Constant of a First-Order Gaseous Reaction by the
Flow Method”, Australian J. Chem. 16, 527 (1963).

[159] Morris, E. D., Jr., Stedman, D. H., and Niki, H., “Mass Spec-
trometric Study of the Reactions of the Hydroxyl Radical with
Ethylene, Propylene, and Acetaldehyde in a Discharge-Flow
System”, J. Am. Chem. Soc. 93, 3570 (1971).

[160] Gray, J. A., and Style, D. W. G., “The Photolysis of Ethyl Ni-
trate”, Trans. Faraday Soc. 49, 52 (1953).

{161] Fontijn, A., “Chemi-lonization Reactions in the Gas Phase”,
Progr. Reaction Kinetics 6, 75 (1971).

[162] Amichai, O., and Treinin, A., “Chemical Reactivity of O(3P)
Atoms in Aqueous Solution”, Chem. Phys. Letters 3, 611
(1969).

[163] Herron, J. T., “Mass Spectrometric Studies of Atomic and Free
Radical Reactions”, Advan. Mass Spectrometry 5, 453 (1971).

[164] Paraskevopoulos, G., and Cvetanovic, R. J., “Competitive Re-
actions of the Excited Oxygen Atoms, O('D)”, J. Am. Chem.
Soc. 91, 7572 (1969).

[165] Avery, H. E., and Heath, S. ]., “Reaction of Oxygen Atoms with
Alkynes. Part. 1.-The Butyne-2 Reaction”, J. Chem. Soc.
Faraday Trans. 1 68, 512 (1972).

[166] Huie, R. E., Herron, J. T., and Davis, D. D., “Absolute Rate
Constants for the Addition and Abstraction Reactions of
Atomic Oxygen with 1-Butene Over the Temperature Range
of 100-491 K, J. Phys. Chem. 76, 3311 (1972).

[167} Gray, P., Shaw, R., and Thynne, J. C. J., ““The Rate Constants
of Alkoxyl Radical Reactions”, Prog. Reaction Kinetics 4,
63 (1967). '

[168] Davis, D. D., Herron, J. T., and Huie, R. E . “Absolute Rate
Constants for the Reaction O(2P)+ NO: —> NO + O over the
Temperature Range 230-339 K, J. Chem: Phys. 58, 530
(1973).

{169] Leppin, E., and Collnick, K., “On the Mechaniem of Stereo-
specific S3P) and O(P) Additions to Olefins”, Tetrahedron
Letters 3819 (1969).

[170] Hoffmann, R., Wan, C. C.. and Neagu, V., “The Interaction of
Sulphur Atome with Ethylene”, Mol. Phys. 19, 113 (1970).

[171} Eusuf, M., and Wagner, H. Gg., “Stabilisierung des Addition-
skomplexes bei der Reaktion O+ C,;H.”, Ber. Bunsenges.
Physik. Chem. 76, 437 (1972).

[172] Castellion, C. A. and Noyes, W. A, Jr., “Photochemical Studies.
LII. The Nitrous Oxide-Ethane System™, J. Am. Chem. Soc.
79, 290 (1957).

[173] Creek, D. M., Melliar-Smith, €. M., and Jonathan, N., “Infrared
Emission from the Reaction of Atomic Oxygen with Acetyl-
ene”, J. Chem. Soc. (A) 646 (1970).

{174} Jonathan, N.. Morris, A., Okuda, M., and Smith, D. S., “Siudies
of Simple lonizing Atomic Oxygen-Hydrocarbon Reactions
Uging Chemielectron Spectroscopy”, J. Chem. Phys. 85,
3046 (1971).

{175] Quickert, K. A., “A Mechanism to Explain the CH Emission at
4330 A jn Oxygen Atom-Acetylene Systems”, J. Phys. Chem.
76, 825 (1972).

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973



518

[176] Fenimore, C. P. and Jones, G. W., “Formation of Carbon
Monoxide in Methane Flames by Reaction of Oxygen Atoms
with Methyl Radicals”, J. Phys. Chem. 65, 1532 (1961).

[177} Kanofsky, J. R., Lucas, D., and Gutman, D., “Direct Identifica-
tion of Free Radical Products of O Atom Reactions with
Olefins Using High-Intensity Molecular Beams”, Presented
at the Fourteenth Sympusium (International) on Combustion,
Pennsylvania State University, University Park, Pennsyl-
vania, August 20~25, 1972.

[178] Kanofsky, J. R., Lucas, D., Pruss, F., and Guiman, D., “Direct
Identification of the Reactive Channels in the Reactions of
Oxygen Atoms and Hydroxyl Radicals with Acetylene and
Methylacetylene”, Presented at the 166th National Meeting,
American Chemical Society, Chicago, Aug. 1973.

[179] Jones, 1. T. N. and Bayes, K. D., “Free Radical Formation in the
O -+ C:H: Reaction”, Presented at the 166th National Meeting,
American Chemical Society, Chicago, Aug. 1973.

[180} Jones,I. T. N. and Bayes, K. D., “Detection of Steady State Free
Radical Concentrations by Photeionization”, J. Am. Chem.
Soc. 94, 6869 (1972).

[181] Dryer, F. L. and Glassman, 1., “High Temperature Oxidation of
Carhon Monoxide and Methane”, Presented at the Fourteenth
Symposium (International) on Combustion, Pennsylvania
State University, University Park, Pennsylvania, August
20-25, 1972.

[182) Gaedike, H.. Glinzer, K., Hippler, H., Luther, K., and Troe, J..
“Addition Reactions of Oxygen Atoms at High Pressures”,
Presented at the Fourteenth Symposium (International) on
Combustion, Pennsylvania State University, University Park,
Penneylvania, August 2095, 1072

[183] Westenberg, A. A. and deHaas, N., “Relative Rate Constants
for 0+HCO—> OH-+ CO and O+HCO— H+CO;", J. Phys.
Chem. 76, 2215 (1972).

[184] Haller, 1. und Pimenel, G. C., “Reaction vl Oxygen Atuvwus
with Acetylene to Form Ketene’’, J. Am. Chem. Soc. 84,
2855 (1962).

[185]) Liu, Y. 8., McFarlane, R. A., and Wolga, G. J., “Totally Inverted
Vibrational Population of CO Formed in the Reaction of
Oxygen with Acetylene”’, Chem. Phys. Letters 14, 559 (1972).

[186] Terao, T.. Sakai, N., and Shida, S., “Reaction of Methylene
Radicals with Acetylene in the Gas Phase”, J. Am. Chem.
Sue. 85, 3919 (1963).

J. Phys. Chem. Ref. Data, Vol. 2, No. 3, 1973

J. T. HERRON AND R. E. HUIE

[187] Bonanno, R. A., Kim, P., Lee, J.-H., and Timmons, R. B.,
“Kinetics of the Reaction of O(*P) Atoms with Benzene”,
J. Chem. Phys. 57, 1377 (1972).

[188] Chu, J. C., Ai, H. C., and Othmer, D. F., “Phenol Synthesis by
Direct Oxidation of Benzene”, Ind. Eng. Chem. 45, 1266
(1953).

[109] Juffe, S. and Keitly, J., “Oxidation of Ethylenc by the Photolysis
of NO: at 25 °C”, J. Chem. Phys. 48, 2805 (1968).

[190) Jaffe, S. and Grant, R. C. S., “Oxidation of Propylene by Photoly-
sis in the Presence of NO:", J. Chem. Phys. 56, 3477 (1969).

[191] Kanofsky, J. P. and Gutman, D., “Direct Observation of the
Products Produced by the O-Atom Reactions with Ethylene
and Propylene Studied in High-Intensity Molecular Beams”,
Chem. Phys. Letters 15, 236 (1972).

[192] Cvetanovic, R. J., “Mechanism of the Interaction of Oxygen
Atoms with Olefins”, J. Chem. Phys. 25, 376 (1956).

[193] Scheer, M. D. and Klein, R., “Oxygen Atom Reactions with
Condensed Olefins”, Science 144, 1214 (1966).

[194] Cvetanovic, R. J., “Mercury Photosensitized Decomposition of
Ethylene Oxide”, Can. J. Chem. 33, 1684 (1955).

[195] Benson, S. W., “Pyrolysis of Ethylene Oxide. A Hot Molecule
Reaction”, J. Chem. Phys. 40, 105 (1964).

[196] Setser, D. W., “Calculated Upimolecular Reaction Rates for
Thermally and Chemically Activated Ethylene Oxide-do and
-ds and Acetaldehyde-do and -ds Molecules”, J. Phys. Chem.
70, 826 (1966).

{197] Mearns, A. M. and Morris, A. J., “Use of the Nitrogen Dioxide
Titration Technique for Oxygen. Atom Determination at
Pressures above 2 Torr”, J. Phys. Chem. 74, 3999 (1970).

[198] DeMore, W. B., “Activation Energies for Addition of O(*P) to
Simple Olefins”, Chem. Phys. Letters 16, 608 (1972).

[199] Cvetanovic, R. J., Private Communication, November 1972.

[200] Greig, G. and Thynne, J. C. J., “Reactions of Cyclic Alkyl
Radicals Part 2.—Photolysis of Cyclopropane Carboxalde-
hyde”, Trans. Faraday Soc. 63, 1369 (1967).

[201] Klemm, R. B. and Davis, D. D., “A Flash Photolysis-Resonance
Fluorescence Kinetics Study of Ground State Sulfur Atoms:
V. Absolute Rate Parameters for Reaction of S(3P} with cis-
2-Butene and TME”, Int. J. Chem. Kinetics, in press.

{202] Huie. R. E. and Herron, J. T.. “Reactions of Atomic Oxygen
with Organic Compounds”, Progr. Reaction Kinetics, to
appeat.





