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758 BAULCH ET AL.

This compilation updates and expands two previous evaluations of kinetic data on
elementary, homogeneous, gas phase reactions of neutral species involved in combustion
systems [J. Phys. Chem. Ref Data 21, 411 (1992); 23, 847 (1994)]. The work has been
carried out under the auspices of the [UPAC Commission on Chemical Kinetics and the
UK Engineering and Physical Sciences Research Council. Individual data sheets are
presented for most reactions but the kinetic data for reactions of C,, C, ethyl, i-propyl,
t-butyl, and allyl radicals are summarized in tables. Each data sheet sets out relevant
thermodynamic data, experimental kinetic data, references, recommended rate parameters
with their error limits and a brief discussion of the reasons for their selection. Where
appropriate the data are displayed on an Arrhenius diagram or by fall-off curves. Tables
summarizing the recommended rate data and the thermodynamic data for the reactant and
product species are given, and their sources referenced. As in the previous evaluations the
reactions considered relate largely to the combustion in air of organic compounds con-
taining up to three carbon atoms and simple aromatic compounds. Thus the data base has
been expanded, largely by dealing with a substantial number of extra reactions within
these general areas. © 2005 American Institute of Physics. [DOI: 10.1063/1.1748524]

Key words: chemical kinetics; combustion; data evaluation; gas phase; rate constant.
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PAC Physical Chemistry Division.

The original compilation was intended for use in computer
modeling of the combustion of methane and ethane in air. It
also dealt with a number of reactions important in the chem-
istry of exhaust gases mainly involving NO,, and in the
combustion of simple aromatic compounds. In Supplement I
the coverage was extended to include small unsaturated hy-
drocarbons and the reactions of a number of radicals particu-
larly important in the combustion of larger hydrocarbons.
The coverage of reactions of nitrogen containing species was
also extended.
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In Supplement II all of the previous material has been
updated and a substantial number of new reactions has been
added to the data base. They include some reactions of alco-
hols and dimethyl ether, reactions relating to soot formation,
and a considerable number of new reactions within the gen-
eral areas dealt with previously.

Wherever possible an individual data sheet has been pro-
vided for each reaction. However there are some species,
important in combustion, for which insufficient data are
available to make any useful evaluation and, in those cases
(ethyl, i-propyl, z-butyl, and allyl radicals, atomic C, C, radi-
cals), the existing data are presented in Tables with some
comment on their quality, if possible.

In Supplement I? the policy adopted for updating was to
present a new data sheet only for those reactions for which
new data had become available since publication of the origi-
nal evaluation. Thus for complete information on the whole
data-base reference to the two publications'> was necessary.
A different approach has been used in Supplement II. Here a
data sheet is presented for all of the reactions, where pos-
sible, whether new data are available or not. In most cases, to
limit the presentation of a great deal of old data, only that
data which the evaluators have used to arrive at their Pre-
ferred Values are tabulated. However, where there are few
data for a particular reaction, all of the data are tabulated to
allow ready comparison, especially where no Arrhenius dia-
gram is given. Although there is selection in tabulating the
data, references are given to all other data, if any, and all of
the available experimental results are displayed on any ac-
companying Arrhenius diagram. Pressure dependences of
dissociation and recombination reactions are represented in
diagrams of fall-off curves.

Another important feature of Supplement II is a more thor-
ough and extensive review of the thermodynamic data as
described in Sec. 3.

The formal cut-off point for the literature searching was
Autumn 2001. The Group continued to monitor the literature
during the preparation of the manuscript but results pub-
lished after the cut-off date were only incorporated if they
affected significantly the recommendations already made.

2. Guide to the Data Sheets

2.1. Scope and Reaction Ordering

For each reaction, a data sheet is presented setting out
relevant thermodynamic data, rate coefficient measurements,
an assessment of the reliability of the data, references, pre-
ferred values of the rate coefficients are suggested and,
where appropriate, all of the data are displayed on an Arrhen-
ius diagram. The format chosen for the data sheets has been
strongly influenced by that used by the [IUPAC Subcommit-
tee on Gas Kinetic Data Evaluation for Atmospheric
Chemistry.® Our format follows theirs closely but we have
made more extensive use of graphs because of the need to
convey some idea of the quality of the data over a wide
temperature range.

In Supplement I and Supplement II we have departed from
this format in presenting data on the reactions of ethyl,
i-propyl, ¢-butyl, and allyl radicals. The reactions of these
radicals are of key importance in modeling the combustion
of higher alkanes but in most cases there are insufficient data
to warrant production of a full data sheet. For most of the
reactions of these species we have therefore presented our
recommendations in the form of Tables, with relevant com-
ments on the preferred values, but without detailed display of
the data. A similar procedure has been adopted in Supple-
ment II for the reactions of C, and C.

The reactions are grouped in order using a system widely
adopted in publications of the National Institute of Standards
and Technology. The grouping is made on the basis of the
attacking atom or radical in the order set out in the following
list.

O Atom Reactions

O, Reactions

H Atom Reactions

H, Reactions

OH Radical Reactions
H,O Reactions

HO, Radical Reactions
H,0, Reactions

N Atom Reactions

N,O Reactions

NH Radical Reactions
NH, Radical Reactions
NH; Reactions

HNO Reactions

C Atom Reactions

C, Radical Reactions
3CH, Radical Reactions
!CH, Radical Reactions
CH; Radical Reactions
CH, Reactions

CHO Radical Reactions
HCHO Reactions
CH,OH Radical Reactions
CH;0 Radical Reactions
CH;CO Reactions
C,H50 Radical Reactions
C,H500H Reactions
C;H, Radical Reactions
C;H;5 Radical Reactions
i-C3H; Radical Reactions
C;H;g Reactions

t-C4Hy Radical Reactions
CsH5 Radical Reactions
CsHg Reactions

Ce¢H;5 Radical Reactions
CgHg Reactions

CgH50 Radical Reactions
C¢HsCH, Radical Reactions

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005
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C¢HsCH; Reactions
p-H4(CHs), Reactions
C¢H5C,H;5 Radical Reactions

Thus, the reaction

will be found under CN radical reactions. For reactions not
classified by this rule, e.g. radical-radical reactions, the rule
that species higher on the list take precedence over those
lower applies. Thus, the reaction

OH+ CH;+M— CH;0H+M

will be found under OH radical reactions. The same rule
applies to reactions between species of a non-radical nature.
For the purposes of the classification O, and NO are treated
as radicals only in their reactions with nonradical species.

An exception to this ordering is the placement of dissocia-
tion reactions immediately after their corresponding reverse
reaction, the combination of the dissociation products. Thus
the data sheet for the reaction

C2H6+ M—>2CH3 + M

will be found immediately following the data sheet for the
reaction

CH3 + CH3 +M— C2H6 + M

This arrangement is followed wherever a full analysis of the
pressure dependence of pairs of such reactions is carried out.
In other cases where the data do not justify such a treatment
or where only the combination or the decomposition reaction
is dealt with, the normal ordering prevails.

2.2. Guide to the Tables

Each data sheet begins with a heading giving all the reac-
tion paths considered feasible whether there is evidence for
their occurrence or not.

These are followed by the thermodynamic quantities A H®
and AS® at 298 K and an expression for the equilibrium
constant, K, in molecule/cm® units, for each of the reaction
channels for which there are data available. All thermody-
namic data refer to a standard state of 1 bar. The sources of
the thermodynamic data are discussed later in this Introduc-
tion (Section 2.7 and Section 3).

The kinetic data for the reactions are summarized in a
Table under the two headings: (i) Rate Coefficient Measure-
ments, and (ii) Reviews and Evaluations. To keep the size of
the compilation within reasonable bounds, in most cases only
those rate coefficient measurements which are considered to
be of sufficient reliability as to have influenced the derivation
of the preferred rate parameters, are recorded in the Table.
Similarly only the most recent and/or influential, reviews are
recorded. However, where there are few data for a particular
reaction, all of the data are tabulated to allow ready compari-
son, especially where no Arrhenius diagram is given. Where
an Arrhenius diagram is presented all of the experimental
results are referenced and plotted. Wherever feasible, indi-
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vidual data points are plotted on the Arrhenius diagram but,
to avoid overcrowding on the diagram, the results of a par-
ticular study are sometimes given as a line rather than as the
individually reported data points.

For bimolecular reactions, the temperature dependence of
the rate coefficient is expressed either as k= A exp(—B/T) or
AT" exp(—C/T) whichever is the more appropriate, where A,
n, B, and C are constants. In some cases, the form with C
=0, leading to k=AT", gives the best representation and,
occasionally, the rate constant over a wide temperature range
is represented as the sum of two exponential expressions.
The expressions used for pressure dependent combination
and dissociation reactions are discussed in detail later.

Among the Reviews and Evaluations there are a number
which are referred to so frequently that, rather than repeti-
tively give their full reference, in extenso, we list them
among the references in this Introduction and refer the reader
back to this list. These reviews are those of the IUPAC Task
Group,’~® the NASA Panel,’ and our earlier publications re-
ferred to as CEC, 1992' and CEC, 1994.” The evaluations of
the NASA and IUPAC Task Group, subsequent to the publi-
cations listed,>”” have been published on their respective
web  sites  (http://jpldataeval.jpl.nasa.gov  and  http://
www.iupac-kinetic.ch.cam.ac.uk)

The tables of data are supplemented by a series of “Com-
ments”’ summarizing significant features of the experimental
studies and reviews. For measurements giving rate coeffi-
cient ratios, the absolute value derived from them, and given
in the Table, may be different from that quoted in the original
paper because the evaluator has chosen to use a value of the
reference rate coefficient different from that used by the
original author. Such differences are indicated and justified
by appropriate entries in the “Comments’ section.

Under ‘““Preferred Values™ the rate coefficient values rec-
ommended for use by modelers are presented as a tempera-
ture dependent expression over a stated temperature range.
Wherever possible, an attempt has been made to make rec-
ommendations for high temperatures even if this requires a
considerable extrapolation from the low temperature data
and consequent assignment of large error limits. However, in
many cases, particularly for reactions likely to have a large
activation energy, or where alternative reaction channels may
become important, it has not been considered safe to ex-
trapolate much beyond the range of existing measurements.

The preferred values are based almost exclusively on ex-
perimental data but in a very few cases estimates have been
based on analogous reactions. No attempt has been made to
include calculated values of rate parameters but theoretical
and empirical estimates have not been ignored. They have
often provided valuable background and guidance on
whether experimental values are “‘reasonable.”

The preferred rate constant expression is followed by a
statement of the error limits in log k at the extremes of the
recommended temperature range. Some comments on the as-
signment of errors are given later in this Introduction
(Sec. 2.6).

The section “Comments on Preferred Values”contains a
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brief account of how expressions for the preferred values
were arrived at and comments on the quality of the available
data.

The data sheets conclude with a list of the relevant refer-
ences and in many cases graphs to illustrate the quality of the
data. Where there are few data points for a particular reaction
all are recorded but for well-studied reactions, where much
data are available, for the sake of clarity, expressions, rather
than the original points, are displayed in some cases.

2.3. Conventions Concerning Rate Coefficients

It is assumed that all reactions in the compilation are el-
ementary reactions.

The relationship between rate and rate coefficient for a
reaction described by a stoichiometric equation such as

A+A—B+C
is given by

Rate= — (1/2)d[ A]/dt=d[B]/d¢r=d[C)/dt=k[ A%

2.4. Treatment of Combination and Dissociation
Reactions

Unlike simple bimolecular reactions such as those consid-
ered in Section 2.3, combination reactions

A+B+M—AB+M
and the reverse dissociation reactions
AB+M—A+B+M

are each composed of a sequence of different types of physi-
cal and chemical elementary processes. Their rate constants
reflect this more complicated sequential mechanism, and
thus are found to depend on the temperature, 7, and the
nature and concentration of the third body, M. In this evalu-
ation, the combination reactions are described by a formal
second-order rate law,

d[AB]/dt=k[ A][B]

while dissociation reactions are described by a formal first-
order rate law,

d[AB]/dr= — k[ AB].

In both cases, k depends on the temperature and on [M].

In order to rationalize these representations of the rate
constants, we consider the Lindemann-Hinshelwood reaction
scheme in which the combination reactions follow an el-
ementary mechanism of the form

A+B— AB* (1)
AB*—A+B (-1)
AB*+M—AB+M )

while the dissociation reactions are characterized by:

AB+M—AB*+M

AB*+M—AB+M 2
(=1

Assuming quasistationary concentrations for the highly un-
stable species AB* (i.e. d AB*]/dt=~0), the rate constant
for the combination reaction is given by

ko[ M] )

AB*— A+B.

=k o

while that for the dissociation reaction is given by

k=k_»[M]

—1
k—1+k2[M]>.

In these equations the terms before the parentheses represent
the rate constant of the process initiating the reaction,
whereas the expression within the parentheses expresses the
fraction of the reaction events which, after initiation, go on
to form products.

In the low pressure limit ([M]—0), both of these rate
constants are proportional to [M]; in the high pressure limit
([M]—) they are independent of [M]. It is useful to ex-
press k in terms of the limiting low pressure and high pres-
sure rate coefficients

ko[M]=1lim dk[M]/d[M]
[M]—0
and
k=1im k([M])
[M] e,

respectively. With this convention, one obtains the

Lindemann-Hinshelwood equation

 kok[M]
 ko[M]+k.

For combination reactions, in this equation one has kg
=kky/k_| and k,=k;; for dissociation reactions the cor-
responding relationships are ko=k_, and k.=k_ k_,/k,.
Since detailed balancing applies, the ratio of the rate con-
stants for combination and dissociation at fixed 7 and [M] is
given by the equilibrium constant K., where

Kczklkz/kflkfz.

Starting from the high pressure limit, the rate constant, k,
falls off with decreasing third body concentration, [M]; the
corresponding representation of k is termed the ‘‘falloff
curve” of the reaction. In practice, the Lindemann-
Hinshelwood expressions do not characterize the fall-off
curves completely. Because of the multistep character of the
collisional deactivation (k,[M]) and activation (k_,[M])
processes, and the energy and angular momentum depen-
dences of the association (k) and dissociation (k_;) steps,
as well as other factors, the falloff expressions have to be
modified. This can be done by adding a broadening factor, F,
to the Lindemann-Hinshelwood expressions, giving®

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005
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Kok [M]
 ko[M]+ k.

( ko[M]/k., )
1+ko[M)/ko|"

F=ko[M]

1 +k0[M]/kw) F

F depends on the ratio ko[ M]/k,, which can be used as a
“reduced pressure” measure. To a first approximation, F is
given by:* 10
log F'.
log(ko[M1/k=.) |7
Ec

log F=

where N=0.75-1.27log F,. For reactions with ‘“‘rigid acti-
vated complexes,” where the reaction in the dissociation and
the recombination directions has to pass over an energy bar-
rier, the “center broadening factor,” F., generally decreases
with increasing molecular complexity of AB and with in-
creasing temperature, 7', before it increases again with in-
creasing T at very high 7. It can be calculated by unimolecu-
lar rate theory;®~!! alternatively it is often obtained by fitting
experimental fall-off curves and sometimes represented by

using equations of the form
F.=(1—a)exp(=T/T***)+a exp(—T/T*)
+exp(—T**/T),

where a, T*, T**, and T*** are constants. If detailed cal-
culations are made it is sometimes found that alternative ex-
pressions for F; may be more appropriate. At a higher level,
asymmetries of the broadening factor, F, have to be ac-
counted for by adding a term a’ to log(k)[M]/k.,) and AN to
N. a' is generally in the range —0.3-0.3 and AN assumes
different values to the left and right of the center of the
fall-off curve, i.e., the position of the minimum of F. For
reactions with “loose activation complexes,” where the com-
bination reaction does not have an energy barrier, the situa-
tion changes somewhat.'!"!? Here, F_ is nearly temperature
independent over a wide temperature range, and smaller than
for systems with rigid activation complexes. Only at very
high temperatures does it approach the behavior observed for
systems with rigid activation complexes. Asymmetries of the
fall-off curves are also observed here at lower temperatures
than for systems with rigid activation complexes.

The rate constants for combination and dissociation in this
evaluation are often characterized by the three quantities &,
k.., and F_, (and the equations given previously). If an ex-
perimental fall-off curve is fitted using these quantities,
changes in F also change the values of k, and k... There-
fore, a fall-off representation requires that all three param-
eters, kg, k., and F, be specified which is done wherever
possible throughout this evaluation. It should also be noted
that unimolecular rate theory allows for at least semiquanti-
tative prediction of k,, k., and F., (e.g., see Ref. 8).

In a few instances, rate constants for a particular reaction
have been measured under conditions where they are almost
certainly pressure dependent but where the measurements are
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not of sufficient quantity and/or quality to enable them to be
analyzed to give values of k,, k.., and F. In such cases, in
the present evaluation, an expression for k may be recom-
mended with some limits placed on the range of pressures
over which it applies. It should also be noted that, to avoid
ambiguity, the subscripts denoting infinite and zero limiting
rate constants have, in places been written as superscripts,
e.g., k;”, k,° rather than k.., and k.

For combination reactions the dependence of k( and k., on
the temperature is represented in the form

koeT"

except for cases where it has been established that there is a
an energy barrier in the potential. This form of temperature
dependence has been chosen because it often gives a better
fit to the data over a wider range of temperature than the
Arrhenius equation. Obviously, the relevant values of n are
different for k and for k... k, values are given for selected
third bodies, preferentially, wherever possible, for M=N,
and O,.

2.5. Treatment of Complex-Forming Bimolecular
Reactions

Bimolecular reactions may follow a “direct” pathway
A+B—C+D
and/or involve complex formation
A+B—AB*—C+D
M
AB

possibly followed by subsequent reactions of AB.
We designate the rate constants of the individual steps as
in Section 2.3,

A+B—AB* (1)
AB*—A+B (-1
AB*+M—AB+M )
AB*—C+D. (3)

Assuming a quasistationary concentration of AB* (i.e.,
d[AB*]/d=0), a Lindemann-Hinshelwood type of analysis
leads to

d[AB]/dt=ks[ A][B]
d[C]/dt=kp[ A][B]
d[A]/dt=(ks+kp)[A][B],
where

ka

b=k ok

_ 3
kD_k‘(k1+k2+k3)'
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Note that since k, is proportional to [M], kg and kp, are
dependent on the nature and concentration of the third body,
M, as well as being temperature dependent. As for the com-
bination and dissociation reactions, these expressions for kg
and kp have to be extended by suitable broadening factors,
F, in order to account for the multistep nature of Process (2)
and the energy dependences of (1), (—1), and (3). These
broadening factors differ, however, from those for combina-
tion and dissociation reactions. For simplicity, in most cases
they are ignored in this evaluation so that at high pressures

kp=k k3 /k,

which is inversely proportional to [M]. kp, may also be ex-
pressed by

kD%kDoks/kSO,

where kp° and kg° are the respective limiting low pressure
rate constants for the formation of C+D or A+B at the
considered [M]. When it is established that complex forma-
tion is involved, this equation is used to characterize the
increasing suppression of C+D formation with increasing
[(M].

2.6. Assignment of Errors

The reliability of a preferred expression for k is expressed
in terms of an estimated A log k at the extremes of the tem-
perature range covered by the recommended expression.
Thus a quoted A logk==*X is equivalent to the statement
that the range of values of k encompassed by these error
limits may be found by multiplication and division of k by a
factor G, where X=1og G.

No attempt has been made to assign explicit error limits to
the temperature coefficient of k. The error limits in A logk
assigned at the extremes of the temperature range indicate
how the quality of the data varies with temperature without
attempting to define the form which this variation takes. In
the opinion of the evaluators the available data rarely merit a
more elaborate assignment of errors over a wide temperature
range.

The assignment of error limits in k is a subjective assess-
ment by the evaluators. Modern techniques are capable in
favorable circumstances of measuring rate coefficients with
the precision represented by a standard deviation as small as
10%. However, data obtained in different laboratories on the
same reaction and often by the same technique are rarely
concordant to the extent that might be expected from the
precision of the measurements: mean values may differ by
many standard deviations. This is indicative of systematic
errors, which are difficult to detect and which cannot be in-
corporated simply into quoted error limits.

2.7. Thermodynamic Data

In the two previous publications in this series"? it was
decided that, for internal consistency, the thermodynamic
data would be taken from a single publication, that prepared
for the Sandia Chemkin Program,' even though it was rec-

ognized that there were considerable uncertainties in many
of the values quoted. In Supplement II a more extensive
survey of the available thermodynamic data has been made
and the values used have been drawn from a number of
sources.

The standard enthalpy of formation and entropy at 298 K
of all of the reactant and product species is given in a Table
preceding the section containing the data sheets. Wherever
possible the values are based on experimental data but,
where they are lacking, resort has been made to estimations
based on a number of semi-empirical schemes relating ther-
modynamic properties to molecular structure. Such estimated
values must be treated with caution; substantial uncertainty
limits need to be assigned but no attempt has been made to
estimate them. “Brief Comments” accompany the entries in
the Table indicating the origins of the values and references
to their sources are given. Values of the heat capacities of the
species are not given but the comments and references also
indicate the sources used. Throughout the selection of the
data every attempt has been made to ensure that the final set
is internally consistent.

On each data sheet the standard enthalpy and entropy
changes at 298 K and the equilibrium constant as a function
of temperature are given for each reaction channel. The equi-
librium constant is expressed in terms of the constants A, B,
and n using the form K (7)=AT"exp(B/T). The quality of
the thermodynamic data rarely justify the use of an expres-
sion for K (7T) involving more than three constants and the
functional form chosen mirrors that used to express the rate
constants. To derive the expression for K .(7T) values of the
heat capacities, expressed as NASA polynomials, were used
to calculate values of AH®, AS° and hence K at a number of
temperatures in the range 300—-5000 K; in a few cases it was
necessary to accept a lower upper limit owing to lack of data.
The expression for K (7)) was then fitted to these values by a
least squares procedure.

Because K, is very sensitive to the values of the thermo-
dynamic quantities, particularly AH®, uncertainties in the
thermodynamic data may introduce substantial uncertainties
in any rate coefficient calculated from the equilibrium con-
stant and the rate coefficient for the reaction in one direction.

Wherever kinetic data are available for the rate coeffi-
cients for the reaction in both forward and reverse directions,
an attempt has been made to reconcile them with the ther-
modynamic data quoted.
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3. Thermodynamic Data
3.1. Guide to the Table

The standard enthalpy of formation and entropy at 298 K
of all of the reactant and product species used in this evalu-

ation is given in the Table which follows (Sec. 3.2). The data
set was originally compiled in 1998 taking data from recent
reviews and evaluations of thermodynamic data (for ex-
ample, Refs. 1-11) or recent published experimental data.
Where no experimental data are available we have taken val-
ues determined from ab initio calculations, (e.g., Ref. 12)
and in other instances properties have been estimated by ap-
plying methods based on group additivity'>!'* or hydrogen
bond increments.'”> Such estimated values must be treated
with caution; substantial uncertainty limits need to be as-
signed. Brief comments accompany the entries in the Table
indicating the origins of the values and references to their
sources are given (Sec. 3.3). Data on heat capacities of the
species, over a range of temperatures, were also compiled.
Values of the heat capacities of the species are not given but
the comments and references indicate the sources used (Sec.
3.3). The data were expressed as a function of temperature in
polynomial form (NASA polynomials) and used to calculate
values of K as described in Sec. 2.7. Throughout the selec-
tion of the data every attempt has been made to ensure that
the final set is internally consistent.

In some reactions, where a number of very similar iso-
meric products may be formed, only thermodynamic data for
one of the channels is quoted. There are also a few reaction
channels for which we have not attempted to estimate the
thermodynamic data.

3.2. Table of Thermodynamic Properties
Standard Enthalpy of Formation and Entropy, at 298 K, of Reactants and Products

Species Name A{H%qg/kImol ™! 8% /TK 'mol™!  Comments

O Compounds

0CP) Atomic oxygen (ground state) 249.16 161.04 (1)

o('D) Atomic oxygen 438.92 156.69 2)
(first electronic excited state)

0, Diatomic oxygen 0.00 205.12 (3)

H Compounds

H Atomic hydrogen 217.97 114.59 4)

H, Diatomic hydrogen 0.00 130.57 (5)

OH(X 1) Hydroxyl radical (ground state) 37.17 183.71 (6)

OH(A?S™) Hydroxyl radical 424.70 184.70 (7)
(first electronic excited state)

HO, Hydroperoxyl radical 14.60 229.07 8)

H,O Water —241.82 188.80 )

H,0, Hydrogen peroxide —136.31 234.49 (10)

N Compounds

N(*$) Atomic nitrogen (ground state) 472.68 153.17 (11)

N(’D) Atomic nitrogen 702.76 160.79 (12)
(first electronic excited state)

N, Diatomic nitrogen 0.00 191.49 (13)

NO Nitric oxide 90.29 210.63 (14)

NO, Nitrogen dioxide 33.09 239.89 (15)

NO; Nitrate radical 73.70 252.53 (16)
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Standard Enthalpy of Formation and Entropy, at 298 K, of Reactants and Products—Continued

Species Name AH g /kImol ™! §%gs /T K™ mol~! Comments
N,O Dinitrogen monoxide 82.05 219.86 (17)
NH Imidogen radical 356.49 181.13 (18)
NH, Amidogen radical 189.50 194.58 (19)
NH; Ammonia —45.92 192.60 (20)
NNH NNH 245.05 224.36 (21)
HNO Nitroxyl radical 107.10 249.52 (22)
HONO Nitrous acid —79.50 254.03 (23)
H,NO Amineoxyl radical 66.10 233.98 (24)
NH,0, Amineperoxyl radical 161.92 263.98 (25)
NH,OH Hydroxylamine —50.00 236.18 (26)
NH(OH), Di hydroxylamine —103.35 260.93 (27)
NH,OO0OH Hydroperoxylamine 11.68 263.04 (28)
HN,O adduct 235.70 263.50 (29)
NH,NO Nitrosyl amide 95.69 242.96 (30)
CHON Compounds
C Monatomic carbon 716.71 157.99 (31)
C,(x 12g+) Diatomic carbon (ground state) 837.84 191.18 (32)
Cy(x °11,) Diatomic carbon 845.14 207.91 (33)
(first electronic excited state)
C; Triatomic carbon 820.06 237.07 (34)
CcO Carbon monoxide —110.54 197.52 (35)
Cco, Carbon dioxide —393.53 213.71 (36)
CCoO Ketenylidene radical 383.10 232.95 (37)
CN Cyano radical 435.40 202.53 (38)
CNN Diazocarbene 571.12 231.61 (39)
NCN NCN radical 473.00 226.20 (40)
NCO Cyanato radical 127.00 232.11 (41)
CNO Fulminyl radical 407.01 238.49 (42)
HCN Hydrogen cyanide 135.15 201.73 (43)
HNCO Isocyanic acid —116.00 238.71 (44)
HOCN Cyanic acid —9.00 247.85 (45)
HCNO Fulminic acid 173.00 225.06 (46)
CHO Compounds
CH Methylidyne 596.40 182.91 (47)
CH,(X 3Eg_) Triplet methylene radical 390.39 194.87 (48)
CH,(a'A)) Singlet methylene radical 428.30 188.69 (49)
CH; Methyl radical 146.40 193.93 (50)
CH, Methane —74.90 186.03 (51)
CHO Formyl radical 43.10 224.30 (52)
CHO™ Formyl cation 833.00 203.29 (53)
HOCO Carboxyl radical —217.00 251.70 (54)
HC(0)O HC(0O)O radical —150.62 239.74 (55)
HC(0)00 Formylperoxyl radical —37.66 298.58 (56)
HCHO Formaldehyde —108.58 218.73 (57)
HCOH Hydroxymethylene radical 206.18 240.17 (58)
CH,OH Hydroxymethyl radical —17.80 243.88 (59)
CH;0 Methoxyl radical 17.20 229.35 (60)
CH,O00H Hydroperoxymethyl radical 45.59 276.14 (61)
CH;00 Methylperoxyl radical 20.10 269.76 (62)
CH;0H Methanol —201.50 239.77 (63)
CH;O0H Hydroperoxymethane —138.10 272.06 (64)
CHN, Dative adduct 494.92 249.79 (65)
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Standard Enthalpy of Formation and Entropy, at 298 K, of Reactants and Products—Continued
Species Name AHqg/kImol ™! §%gg/TK™ ' mol~! Comments
CH,N Methanimine radical 240.20 224.22 (66)
H,C=NO Methyleneiminoxyl radical 173.41 249.87 (67)
CH;NO Nitroso methane 69.90 257.29 (68)
C,HO Compounds
C,H Ethynyl radical 566.10 213.27 (69)
C,H, Ethyne 228.20 200.88 (70)
C,H; Vinyl radical 299.72 233.92 (71)
C,H, Ethene 52.46 219.14 (72)
C,H; Ethyl radical 120.90 247.08 (73)
C,Hgq Ethane —83.86 228.94 (74)
HCCO Ketyl radical 175.30 245.25 (75)
OOCH=C=0 Ketoperoxyl radical —83.29 155.22 (76)
CH,CO Ketene — 47.50 241.86 (77)
HCCOH Ethynol 93.17 249.10 (78)
(CHO), Glyoxal (trans) —211.99 59.54 (79)
CH;CO Acyl radical —10.01 267.41 (80)
CH,OH Formylmethyl radical 10.50 267.88 (81)
CH=CH(OH) 2-hydroxyvinyl radical 113.00 262.37 (82)
CH,=CHO Vinoxyl radical 86.72 272.50 (83)
CH,=CHOO Vinylperoxyl radical 16.60 138.67 (84)
CH;C(0)00 Peroxyacyl radical —175.05 319.59 (85)
OOCH,CHO Formylmethylperoxyl radical —53.16 322.29 (86)
CH;CHO Ethanal —166.19 263.91 (87)
[-CH,CH,O-] Oxirane —52.64 242.83 (88)
C,Hs0 Ethoxyl radical —15.22 274.41 (89)
CH;CHOH 1-hydroxyethyl radical —51.59 280.83 (90)
CH,CH,0OH 2-hydroxyethyl radical —36.01 275.00 1)
CH;0CH, Methoxymethyl radical —0.10 281.89 (92)
CH,CH,00H 2-hydroperoxyethyl radical 32.98 33391 (93)
CH;CHOOH 1-hydroperoxyethyl radical 1.69 319.16 (94)
C,Hs00 Ethylperoxyl radical —27.40 313.73 95)
C,H;OH Ethanol —234.95 280.54 (96)
CH;O0CH;4 Dimethyl ether —184.05 267.33 97)
C,Hs;O0H Ethylhydroperoxide —172.07 318.87 (98)
HOCH,CH,0OH 1,2-ethandiol —392.23 303.77 (99)
CH;00CH; Dimethylperoxide —125.70 312.26 (100)
C3HO Compounds
C;H, Cyclopropylidene biradical (singlet) 476.98 236.20 (101)
H,CCC Propadienylidene radical 651.03 254.55 (102)
HCCCH Prop-2-ynylidene radical (triplet) 755.25 260.78 (103)
CH,CCH Propargyl radical 341.00 253.25 (104)
CH;CCH Propyne 184.90 248.25 (105)
CH,CCH, Allene 190.50 243.39 (106)
CH,CHCH, a-C,Hj radical 170.70 259.47 (107)
CH;CHCH s-C3H;s radical 262.73 271.16 (108)
C;H; Propene 20.00 266.49 (109)
[-C3Hg-] Cyclopropane 53.50 237.40 (110)
n-C;H; n-propyl radical 100.48 289.41 (111)
iso-CsH; Isopropyl radical 90.00 289.29 (112)
C;Hg Propane —104.70 270.13 (113)
HCCCO Propynonyl radical 372.01 266.48 (114)
CH,CHCO Vinylcarbonyl radical 72.4 (115)
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Standard Enthalpy of Formation and Entropy, at 298 K, of Reactants and Products—Continued

Species Name AHqg/kImol ™! §%gg/TK™ ' mol~! Comments
CH,=CHCHO Propenal —75.00 281.94 (116)
CH,CHCH,0 2-propen-1-oxyl radical 93.90 305.89 (117)
C,H5C(0) Propionyl radical —32.31 309.24 (118)
C,Hs;CHO Propanal —185.60 304.45 (119)
CH,—CHCH,OH 2-propen-1-ol —124.50 312.02 (120)
C,HO Compounds

HCCCCH 1,3-Butadiyne 467.38 250.11 (121)
HC=C-CH=CH n-vinylacetylene radical 531.81 284.67 (122)
CH=C-CH=CH, Vinylacetylene 284.50 278.87 (123)
CH,=CHCHCH 1,3-butadien-1-yl radical 360.24 289.21 (124)
CH,—CHC=CH, 1,3-butadien-2-yl radical 309.60 286.95 (125)
CH,—CHCH=CH, 1,3-butadiene 110.00 278.24 (126)
C,Hs-CH=CH 1-butenyl radical 247.40 313.57 (127)
CH,CH,CHCH, 3-butenyl radical 214.64 316.39 (128)
Z-CH;C=CHCH; cis-2-buten-2-yl 230.99 319.77 (129)
E-CH;C=CHCH;,4 trans-2-buten-2-yl 226.69 303.36 (130)
Z-CH,CH=CHCHj cis-2-butenyl 143.96 299.08 (131)
E-CH,CH=CHCHj3; trans-2-butenyl 139.65 288.45 (132)
C,Hs;-CH=CH, 1-Butene 0.10 307.75 (133)
Z-2-C,Hyg cis-2-butene —7.10 300.69 (134)
E-2-C,Hg trans-2-butene —11.40 295.82 (135)
(CH;),C=CH, Isobutene —16.90 296.61 (136)
n-C4Hy 1-butyl radical 80.49 331.63 (137)
(CH;),CHCH, Isobutyl radical 72.71 319.45 (138)
(CH;)5C t-butyl radical 51.29 317.11 (139)
n-C,H,, Butane —125.79 309.67 (140)
iso-C4H, Isobutane —134.65 295.29 (141)
(CH3),CHCO Isobutyryl radical —59.52 334.41 (142)
(CH3),CCHO 2-formyl-2-propyl radical —59.15 354.21 (143)
CH,CH(CH;)CHO 2-formyl-1-propyl radical —10.68 347.33 (144)
(CH;),CHCHO 2-methylpropanal —215.70 332.32 (145)
CsHO Compounds

[-CsHs-] Cyclo-1,3-pentadien-5-yl radical 261.50 266.80 (146)
[-CsHg-1] Cyclopentadiene 134.28 274.10 (147)
[-CH=CH-(CH,);-] Cyclopentene 34.00 291.21 (148)
(CH;),CHCHCH 3-methyl-1-butenyl 219.79 339.16 (149)
C;H,CH=CH, 1-Pentene —21.29 345.71 (150)
(CH;),CHCH,CH, 2-methyl-4-butyl radical 50.19 358.47 (151)
neo-CsH,, 2,2-dimethyl propane —168.00 304.73 (152)
t-C4HyCO 2,2-dimethyl propionyl radical —87.70 (153)
CH,C(CHj;),CHO 2-methyl-2-formyl propyl radical —38.90 (154)
t-C4HyCHO 2,2-dimethyl propanal —243.92 (155)
CsHO Compounds

CHCCHCHCCH Hexa-3-en-1,5-diyn 512.63 321.22 (156)
0-[-C¢Hy-] ortho-benzyne 441.50 291.04 (157)
HC=-C-CH=CH-CH=CH  Hexa-1,3-dien-5-ynyl radical 591.77 339.12 (158)
[-CeHs-] Phenyl radical 338.00 288.28 (159)
[-CeHg- ] Benzene 82.60 269.01 (160)
[-CsHg-]-H (adduct) 2,4-cyclohexadienyl radical 208.78 301.25 (161)
CH,CHCH,CH,CHCH, 1,5-hexadiene 84.42 379.70 (162)
(CH3)3CCHCH 3,3-dimethyl but-1-enyl 186.99 347.39 (163)
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Standard Enthalpy of Formation and Entropy, at 298 K, of Reactants and Products—Continued

Species Name AHqg/kImol ™! §%gg/TK™ ' mol~! Comments
(CH;)5CCH,CH, 3,3-dimethyl butyl radical 19.48 371.99 (164)
(CH;),CHCH(CHs), 2,3-dimethyl butane ~178.10 365.83 (165)
[-CsHy-1=CO 2.4-cyclopentadieneylidene methanone 136.89 353.82 (166)
[-C¢H,-1-1,2-(0), ortho quinone —104.60 336.34 (167)
[-C¢Hy-1-1,4-(0), para quinone —122.90 333.14 (168)
[-C¢Hs-1-O Phenoxyl radical 47.70 313.25 (169)
[-C¢Hy-]-2-OH 2-hydroxyphenyl radical 160.80 324.93 (170)
[-C¢Hs-1-00 Phenylperoxyl radical 160.66 349.36 (171)
[-C¢Hs-]-OH Phenol —96.39 314.79 (172)
[-C¢Hg-1=0 1-0x0-2,4-cyclohexadiene —17.59 324.66 (173)
[-C¢Hg-]-OH (adduct) 1-hydroxy-2,4-cyclohexadien-5-yl radical 44.09 341.73 (174)
[-C¢Hs-1-1,2-(OH), (adduct)  1,2-dihydroxy-3,5- —151.78 370.71 (175)
cyclohexadienyl-radical
C,HO Compounds
CH,—C=CHCH 3,5,6-heptatrienyl-1-yne 485.05 357.81 (176)
=CHC=CH
[-CsHs-]-CCH Cyclopentadienylethyne 367.77 313.34 (177)
[-C¢Hs-]-CH, Benzyl radical 207.94 319.01 (178)
[-CgHy-1-2-CH; 2-methylphenyl radical 305.84 328.13 (179)
[-C¢Hs-]-CH; Toluene 50.50 320.11 (180)
[-Ce¢Hg-1-1-(CH;3) (adduct) 1-methyl-2,4-cyclohexadienyl radical 170.83 334.73 (181)
CH,=CHCH,CH(CH;)CHCH; 4-methyl-1-hexen-5-yl radical 129.60 433.26 (182)
[-CgHy-]-2-CHO 2-formylphenyl radical 218.71 345.76 (183)
[-C¢Hs-]-CO Benzoyl radical 119.00 339.61 (184)
[-C¢Hs-]-CHO Benzaldehyde —36.72 335.86 (185)
[-C¢Hy-1-1-OH;-2-CH;, ortho-cresol —128.63 352.54 (186)
[-CgHy-]-1-OH;-4-CH;, para-cresol —125.32 350.70 (187)
[-C¢Hs-]-OCH; Methoxybenzene —67.90 351.15 (188)
[-C¢Hs-1-1-(CHj3);-2-(OH) 2-hydroxy-1-methyl-3,5- 5.96 375.23 (189)
(adduct) cyclohexadienyl radical
CsHO Compounds
[-C¢Hs-]-CCH Phenylethyne 318.00 321.70 (190)
[-C¢Hs-1-C,H, 2-phenylvinyl radical 395.30 350.76 (191)
[-CeHs-]-CHCH, Phenylethene 148.00 345.01 (192)
[-CgHy-1-2-C,Hs 2-ethylphenyl radical 285.39 396.37 (193)
[-C¢Hs-]-CH,CH, 2-phenylethyl radical 235.03 374.54 (194)
[-C¢Hs-]-CHCH; 1-phenylethyl radical 171.43 338.41 (195)
[-C¢Hy-1-1-(CH,);-4-(CH;)  4-methylbenzyl radical 175.90 341.28 (196)
[-CeH;-]-1,4-(CH3), 2,5-dimethylpheny] radical 273.64 479.36 (197)
[-CgHy-]-1,4-(CH3), para-xylene 18.10 352.03 (198)
[-C¢Hs-]-C,H; Ethylbenzene 30.00 359.55 (199)
[-CeHs-]-1,4-(CHy), (adduct) 2-H-1,4-dimethyl-3,5- 137.75 370.34 (200)
cyclohexadien-1-yl radical
[-C¢Hs-1-1-(C,Hs)(H) 1-ethyl-2,4-cyclohexadienyl radical 149.90 374.05 (201)
(adduct)
(CH;3);CC(CHj3)3 2,2,3,3-tetramethylbutane —230.16 394.62 (202)
[-C¢H;-]-1-OH;-2,5-(CH;),  2,5-dimethylphenol —158.65 394.80 (203)
[-Ce¢Hy-]1-OCH;;-4-CH; 4-methylmethoxybenzene —103.92 394.09 (204)
[-C¢Hs-1-1-(C,Hs);-2-(OH)  2-hydroxy-1-ethyl-3,5 —14.96 414.55 (205)
(adduct) cyclohexadienyl radical
[-C¢Hy-]-1,4-(CH3),;-2-(OH) 2-hydroxy-1,4-dimethyl- —27.09 405.08 (206)

(adduct)

3,5 cyclohexadienyl radical
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Comments

(1) Sandia Chemkin database,' fit to JANAF data.’

(2) Calculated from data in JANAF tables.’

(3) Burcat and McBride,? fit to TSIV data.*

(4) Sandia Chemkin database,' fit to JANAF data.’

(5) Sandia Chemkin database,' fit to JANAF data.’

(6) Burcat and McBride,” fit to TSIV data.* A;H%og based

on Ruscic et al.’ and Joens.®

(7) Calculated from data in JANAF tables. 2

(8) S°q9g and Cp polynomial coefﬁc1ents from Burcat and

McBride,® based on data of Jacox.” A;H%qg from Kerr
and Stocker.®

(9) Burcat and McBride,? based on CODATA recommended

values.’

(10) Burcat and McBride,? fit to TSIV data.*

(11) S°9g and C,° polynomial coefficients from Sandia
Chemkin database (fit to JANAF data®), AH%gg from
CODATA recommended values.’

(12) Calculated from data in JANAF tables.”

(13) Sandia Chemkin database,' fit to JANAF data.”

(14) Sandia Chemkin database,' fit to JANAF data.”

(15) Sandia Chemkin database,' fit to JANAF data.”

(16) S°yqs and C,° polynomial coefficients from Burcat and
McBride® (ﬁt to JANAF data®), AH g from Kerr and
Stocker.®

(17) Sandia Chemkin database,’ fit to JANAF data.’

(18) Sandia Chemkin database,' fit to JANAF data.”

(19) S$%9s and C,° polyn0m1a1 coefficients from Sandia
Chemkin database (fit to JANAF data’®), AH g from
Sutherland and Michael.!”

(20) Sandia Chemkin database,’' fit to JANAF data.’

(21) Sandia Chemkin database.! fit to BAC-MP4 data,
Melius'!' (compound reference R3G).

(22) S%9s and C,° polyn0m1a1 coefficients from Sandia
Chemkin database (fit to JANAF data®), A H%qg from
Anderson."?

(23) S°9s and C,° polynomial coefficients from Burcat and
McBride® (ﬁt to TSIV data*), AH%qg from Lide."

(24) Polynomial coefficients calculated from BAC-MP4
data, Melius'' (compound reference; R5G).

(25) Polynomial coefficients calculated from BAC-MP4
data, Melius'' (compound reference; RK52).

(26) Burcat'* based on TSIV data.*

(27) Polynomial coefficients calculated from BAC-MP4
data, Melius'' (compound reference; DSSF).

(28) AH®, calculated with D9 (H—OO) from Kerr and
Stocker® and AH %93(NH,OOH) from Sumathi and
Peyerimhoff. >

(29) Polynomial coefficients calculated from data of Diau
and Lin.'®

(30) S°9g and C,° polynomial coefﬁ01ents calculated using
frequencies of Diau and Smith,"” AH%qs calculated
relative to AH%og(NH,+NO), Diau and Smith.!”

(31) Sandia Chemkin database,' fit to JANAF data.”

(32) Calculated from data in JANAF tables.”

(33) Calculated from data in JANAF tables.”

(34) Sandia Chemkin database,' fit to JANAF data.”

(35) Sandia Chemkin database,' fit to JANAF data.”

(36) Sandia Chemkin database,' fit to JANAF data.”

(37) S°%9g and C,° polynomlal coefficients from Sandia
Chemkin database fit to JANAF data.? AH g Zen-
gin et al.'® and Mordaunt er al."’

(38) S%9g and C,° polynomial coefficients from Sandia
Chemkin database fit to JANAF data.? A (H° Huang
et al.®®

(39) S%9g and C,° polynomial coefficients from Sandia
Chemkin database fit to JANAF data.® AH g Clif-
ford et al.”!

(40) Fit to JANAF data.”

(41) S°9g and C,° polynonnal coefﬁc1ents from Sandia
Chemkin database fit to JANAF data. AH®qgg Cyr
et al.,** Brown et al.,”> and Zyrianov et al.** Enthalpy
of formation compatible with HNCO data.

(42) S°9g and C calculated with frequencies of Koch and
Frenking,”> A H%gys  calculated  relative  to
AH%0o5(NCO), Koch and Frenking.?

(43) Sandia Chemkin database,' fit to JANAF data.”

(44) S°9g and C,° polynomial coefficients from Sandia
Chemkin database,1 fit to BAC-MP4 data, Melius."!
(Compound reference RJI5) AH%qgs Zhang et al.,*®
Brown et al.,23 and Zyrianov et al.,24 based on
AH%os(NCO)=127kImol~! determined by Cyr
et al.*

(45) S°9s and C,° polynomial coefficients from Sandia
Chemkin database,' fit to BAC-MP4 data, Melius."
(Compound reference RI6) AH,® 59q relative to AgH g
(HNCO) calculated by East and Allen.?’

(46) S°9g and C,° polynomial coefficients from Sandia
Chemkin database,1 fit to BAC-MP4 data, Melius.!"!
(Compound reference C17B) AH%qg relative to
AH®yqs (HNCO) calculated by East and Allen.?’

(47) S°9g and C,° polynomial coefﬁcients from Sandia
Chemkin database fit to JANAF data.” AH qg from
Kerr and Stocker.®

(48) Burcat and McBride,? fit to TSIV data.* AH%og agrees
with Kerr and Stocker.®

(49) S%9g and C,° polynomial coefficients from Sandia
Chemkin database,' fit to BAC-MP4 data, Melius."
(Compound reference R5S) AH%qyg from Kerr and
Stocker.®

(50) S°9g and C p_ polynomial coefficients from Burcat and
McBride,? fit to Pamidimukkala ef al.”® AHCqq from
Kerr and Stocker.®

(51) Sandia Chemkin database,' fit to JANAF data.”

(52) S§°q9g and Cp polynomial coefficients from Burcat and
McBride,® based on data of Jacox’ and Gurvich.*
AH%qs average of values of Chuang ef al.” and
Becerra et al.*°

(53) Sandia Chemkin database,' fit to JANAF data.”

(54) S§°9g and C polynomial coefﬁments from Burcat and
McBride,’ ﬁt to TSIV data.* AH g from Fulle et al.’!

(55) From Burcat,'* based on Benson.*

(56) Estimated from properties of parent molecule,
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HC(O)OOH (performic acid), applying H-bond incre-

ment method. Increment for peroxyl radicals from Lay

et al.** Thermodynamic propertes of HC(O)OOH esti-
mated by group additivity.>*3*

(57) Burcat and McBride,’ fit to TSIV data.*

(58) Polynomial coefficients calculated from BAC-MP4
data, Melius'' (compound reference; N88L).

(59) S°9s and C,° polynomial coefficients from Burcat and
McBride,’ based on data of Jacox’ and Burcat and
Kudchadker3 AH® 4g from Johnson and Hudgens.*

(60) S°qg and Cp polynomial coefﬁ01ents from Burcat and
McBride,’ based on data of Jacox.” AH%gg from Kerr
and Stocker.®

(61) Estimated from properties of parent molecule,
CH;O00H, by applying the H-bond increment method.
H-bond increment estimated based on the differences
between CH;OH and CH,OH.

(62) Group additivity estimate,>® group coefficients from
Stocker and Pilling,>” based on data of Knyazev and
Slagle.*® A H®q from Blanskby ez al.*’

(63) S°qg and Cp polynomial coefficients from Burcat and
McBride,’ based on data of Chen ef al.** AHCqq from
Pedley.*!

(64) (64) S°0g and Cp polynomial coefficients from Burcat
and McBride,’ fit to BAC-MP4 data, Melius'' (com-
pound reference RH21). A Hqg based on data of Be-
nassi et al.** and Tyblewski er al.*®

(65) S%9s and C,° polynomial coefﬁ01ents calculated with
frequencies of Martin and Taylor,** A H°s from Fulle
and Hippler.*

(66) Sandia Chemkin database,! fit to BAC-MP4 data,
Melius'! (compound reference N36A).

(67) Burcat and McBride,? fit to BAC-MP4 data, Melius''
(compound reference C42).

(68) S%qg and C,° calculated from data of Dognon et al.*
AH P 594 from Pedley.!

(69) S°qg and Cp polynomial coefﬁ01ents from Burcat and
McBride,? based on data of Jacox.” AH g from Kerr
and Stocker.®

(70) S°9s and C,°
Chemkin database,1
Pedley.”!

(71) Burcat and McBride,? based on data of Karni et al.*’
A¢H®qg from Ervin et al.*®

(72) Sandia Chemkin database,' fit to JANAF data.’

(73) S°qg and C o polynomial coefficients from Burcat and
McBride,’ based on data of Chen et al.** AH g from
Kerr and Stocker.®

(74) Burcat and McBride,® based on data of Chao ef al.>®
AH®q5 compatible with Pedley.*!

(75) S%qg and C p_ polynomial coefficients from Burcat and

polynomial coefficients from Sandia
fit to JANAF data’> AHos

McBride,? based on data of Endo and Hirota.>! A;H%q
from Kerr and Stocker.®
(76) Estimated from properties of parent molecule,

HOOCH=C=0, by applying H-bond increment
method. Increment for peroxyl radicals from Lay
et al.** Thermodynamic properties of HC(O)OOH esti-
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mated by group additivity.>* Group values for Cp—O
group from ketene, assume properties for O—Cp/O
same as for O—Cp/C where Cp represents a double
bonded carbon atom and O—Cp/O represents an oxy-
gen atom bonded to a sp? carbon atom and another
oxygen atom.

(77) S°g and C polynomial coefficients from Burcat and
McBride,’ based on data of Moore and Pimental.’?
AH°qg from Pedley.*!

(78) Burcat and McBride,® based on data of Jacox.
AH®yqs from BAC-MP4 calculations, Melius!! (com-
pound reference A7).

(79) Burcat'* based on Scuseria and Schaefer.>*
from Pedley.*!

(80) Burcat and McBride,® based on data of Nimlos ef al.>
AH’yqs from Niiranen et al.,’® agrees with Kerr and
Stocker.®

(81) S%gg and C,° polynomial coefficients from Burcat and
McBride,’ based on data of Burcat eral’ AH®os
from Kerr and Stocker.®

(82) S%9¢g and C,° calculated from data of Sosa and
Schlegel, 58 reported frequencies scaled by 0.85.
AH®qs from Fulle er al.”

(83) Fit to the data of Osborn er al.%°

(84) Estimate from properties of parent molecule,
CH,=CHOOH, by applying H-bond increment
method. Increment for peroxyl radicals from Lay
et al.*> Thermodynamic properties of CH,—CHOOH
estimated by group additivity™ assuming group values
for O—Cp/0 same as for O—Cp/C, where Cp repre-
sents a double bonded carbon atom and O—C/O repre-
sents an oxygen atom bonded to a carbon atom and
another oxygen atom.

(85) S°49g and C,° calculated from spectral data of Bridier
et al®" and Bruckman and Willner.? A H° 298 from
Lightfoot er al.,** as estimated by Bridier e al.%! based
on AH? ,3(CH;C(O)OOH) which was estimated by
group additivity** and calculated (MNDO) difference in
D%y (ROO—H) between CH;OOH, HOOH, and
CH;C(O)OOH. Difference added to average of experi-
mental D%g5 (CH;00—H and HOO—H) values.

(86) Polynomial coefficients calculated from BAC-MP4
data, Melius'! (compound reference; D85U).

(87) S°q9g and C polynomial coefficients from Burcat and
McBride,’ based on data of Chao er al.%* A H°g com-
patible with Pedley.*!

(88) S°q9g and C » polynomial coefficients from Burcat and
McBride,® based on data of Shimanouchi.®® A HCg
from JANAF tables.

(89) S°q9g and C polynomial coefficients from Burcat and
McBride,? based on data of Burcat et al.’” AgH%qg es-
timated from parent molecule, ethanol, applying
H-bond increment method. Increment for alkoxyl radi-
cals from Lay ef al.*?

(90) S°,45 and C polynomial coefficients from Burcat and
McBride,? based on data of Burcat er al’’ AHCq
from study of I+ CH;CH,OH— HI+CH;CHOH, Al-
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fassi and Golden.®® Reported A H°qq revised assuming
activation energy for the reverse reaction of
—8 kJImol ™!, Berkowitz et al.%’

(91) §%qg and C polynomial coefficients from Burcat and
McBride,? based on data of Burcat er al’’ AH o
based on studies of Diau and Lee,68 Ruscic and
Berkowitz,* and Fulle er al.”’

(92) S°9s and C,,° polynomial coefficients from Burcat and
McBride,’ based on data of Burcat efal®’ AH g
from study of I+ CH;OCH;— HI+ CH3;0CH,, Cruick-
shank and Benson.”® Reported A H g revised assum-
ing activation energy for the reverse reaction is
—8 kImol™ ', Berkowitz et al.”’

(93) Estimated from properties of parent molecule, ethylhy-
droperoxide, applying H-bond increment method. In-
crement for primary C-H from Lay ef al.”’

(94) Estimated from properties of parent molecule, ethylhy-
droperoxide, applying H-bond increment method. En-
tropy and heat capacity increments based on difference
between C,HsOH and CH;CHOH.? A;H®q increment
based on the difference between A :H°,03( CH;OH), and
A¢H%q¢3(CH,OH) and scaled for difference between
primary and secondary D%yqg (C-H) in C3Hyg.3

(95) Group additivity estimate,®® group coefficients from
Stocker and Pilling,>’ based on data of Knyazev and
Slagle.®® A H°qg compatible with the value of
Blanksby er al.*°

(96) Burcat and McBride,® based on data of Chao et al.%*
AH g compatible with Pedley.*!

(97) Burcat and McBride,® based on data of Chao er al.®*
AH®qg compatible with Pedley.*!

(98) Group additivity estimate,”® group coefficients from
Lay et al.””

(99) §°yqg and C polynomial coefficients based on data of
Chao et al.%* AfHozgg from Pedley.*!

(100) S°9g and C,° polynomial coefficients estlmated by

group add1t1v1ty 3334 A HC,q from Pedley.*!

(101) Burcat'* based on Vereeken er al.”® AH®%qg from

Kiefer er al.”

(102) Burcat'* based on Melius."" AH%qg from Kiefer
et al”

(103) Burcat'* based on Vereeken er al.”® AH g from
Melius."!

(104) §°49g and C,° polynomial coefficients from Burcat and
McBride,’ based on data of Tsang.” AHCg from
Kerr and Stocker.®

(105) S°g and C o polynomial coefficients from Burcat and
McBride,’ based on data of Shimanouchi.®® AH s
from Pedley.*!

(106) S°yg and C polynomial coefficients from Burcat and
McBride,? based on data of Shimanouchi.®® A H s
from Pedley.*!

(107) 8% and C,° polynomlal coefficients calculated from
data of Tsang AH g from Kerr and Stocker.®

(108) S°g and C polynomial coefficients from Burcat and
McBride,’ estlmated by group additivity. ™" A H s
from Wu and Kern.”®

(109) S°9g and Cp polynomial coefficients from Burcat and
McBride,’ based on data of Chao and Zwolinski.”
AH®qs from Pedley.*!

(110) S°qg and Cp polynomial coefficients from Burcat and
McBride,? based on data of Shimanouchi.®® AHCg
from Pedley.*!

(111) S%gg and C,° polynomlal coefﬁ01ents calculated from
data of Tsang AH%qg from Tsang.*

(112) 8% and C,° polynomlal coefficients calculated from
data of Tsang.”® A;H®qs from Kerr and Stocker.®

(113) S°qg and C polynomial coefficients from Burcat and
McBride,’ based on data of Chao ef al.”® AH g from
Pedley.*!

(114) AfH 208> S%9g, and C,° from ab initio study of To-
masi and Scuseria.®!

(115) A¢Hog Kerr and Stocker.®

(116) S°4qg and C,° polynomial coefficients estimated by
group add1t1v1ty 3334 A \H°,qq from Frenkel et al.®?

(117) Estimated from properties of parent molecule,
CH,—CHCH,0H, by applying H-bond increment
method. Increment for alkoxyl radicals from Lay
et al.>* Thermodynamic properties of
CH,—CHCH,OH estimated by group additivity.>*>*

(118) S§°49g and C,° polynomial coefficients estimated by
group additivity.*** A H%qs from Watkins and
Thompson,®® value adjusted to AH% 54(C,Hs)
=120.9 kJmol ".*

(119) S°qg and C polynomial coefficients from Burcat and
McBride,? based on data of Chao er al.®* AH g from
Pedley.*!

(120) $°9s and C,° polynomial coefficients estlmated by
group additivity.>>34 AfH"zgg from Pedley.*!

(121) Sandia Chemkin database.! S° compatible with Stull
et al®* (Note, values given in Burcat and McBride®
have been estimated by group additivity®® employing
the group coefficients of Stein ef al.®> The estimated
AH°g does not agree as well with the experimental
data of Wu and Kern.”®)

(122) A¢H®95, S%9s, and C,° polynomial coefficients esti-
mated from properties of parent molecule,
CH=C—CH=CH,, by applying H-bond increment
method.”!

(123) §°9g and Cp polynomial coefficients from Burcat and
McBride,® based on the data of Torneng et al.’
AH%yqs estimated by group additivity,*””%” value

agrees with results of BAC-MP4 calculations,
Melius. !

(124) Fit to BAC-MP4 data, Melius."' Compound reference
A66W

(125) Estimate from properties of parent molecule,
CH,=—CHCH=CH,, by applying H-bond increment
method. Increment for C=CC-=C from Lay et al.”!

(126) §°9g and C polynomial coefficients from Burcat and

McBride,? estlmated by group additivity.®> AHCos
from Pedley.*!
(127) Estimate from properties of parent molecule,
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1-butene, by applying H-bond increment method. In-
crement for vinyl radicals from Lay ef al.”’

(128) Fit to BAC-MP4 data, Melius."' Compound reference
P670.

(129) Estimate from properties of parent molecule,
Z-2-butene, by applying H-bond increment method.
Increment for secondary vinyl radicals from Lay
et al.”!

(130) Estimate from properties of parent molecule,
E-2-butene, by applying H-bond increment method.
Increment for secondary vinyl radicals from Lay
etal”’

(131) Estimate from properties of parent molecule,
Z-2-butene, by applying H-bond increment method.
Increment for primary allyl radicals from Lay e al.”!

(132) Estimate from properties of parent molecule,
E-2-butene, by applying H-bond increment method.
Increment for primary allyl radicals from Lay er al.”'

(133) §°9g and C,° polynomial coefficients from Burcat and
McBride,® based on the data of Chao and Hall.®®
AH®qs from Pedley.*!

(134) §°49g and C,,° polynomial coefficients from Burcat and
McBride,3 based on the data of Chao and Hall.®®
AH°qs from Pedley.*!

(135) §°9g and C,° polynomial coefficients from Burcat and
McBride,3 based on the data of Chao and Hall.®®
AH g from Pedley.*!

(136) S°9g and C,° polynomial coefficients from Burcat and
McBride,® based on the data of Chao and Hall.®®
AH®qs from Pedley.*!

(137) Estimated by group additivity.> Group coefficients
from Stocker and Pilling.*’

(138) Estimated by group additivity.> Group coefficients
from Stocker and Pilling.*’

(139) Estimated by group additivity.*> Group coefficients
from Stocker and Pilling.*’

(140) Burcat and McBride,3 based on the data of Chen
et al.® AHCqq agrees with Pedley.*!

(141) Burcat and McBride,® based on the data of Chen
et al.® AH 04 agrees with Pedley.*!

(142) §°9g and C,° polynomial coefficients estimated by
group additivity.>>** A H°,qq based on enthalpy of for-
mation of parent molecule, (CH;),CHCHO, and
D% gs(H—C(=0)R)=373.8 kI mol '.%

(143) Estimated from properties of parent molecule,
(CH;3),CHCHO, by applying H-bond increment
method. Increment for tertiary C—H from Lay ez al.”!
A(H®qg increment adjusted for difference between
D®,93(H—CH,CH3) =423.0 and D°,93( H—CH,CHO)
=373.8kJmol '.*

(144) Estimated from properties of parent molecule,
(CH;3),CHCHO, by applying H-bond increment
method. Increment for primary C—H from Lay et al.”!

(145) S°9g and C,° polynomial coefficients estimated by
group additivity.>3* A H°qs from Pedley.*!

(146) S°93, Cp°, and AH g from Roy et al.”®
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(147) §°9s and C,° polynomial coefficients from Burcat and
McBride,3 based on the data of Dorofeeva et al.’!
AH®yqs from Pedley.*!

(148) §°95 and C,° polynomial coefficients from Burcat and
McBride,3 based on the data of Dorofeeva et al.”'
AH®qs from Pedley.*!

(149) Estimated from properties of parent molecule,
(CH;),CHCH=CH,, by applying H-bond increment
method.”" Increment for vinyl C—H from Lay ez al.”!
(CH3),CHCH=CH, polynomial coefficients from
Burcat and McBride,3 based on data of Stull ef al.®*

(150) Polynomial coefficients from Burcat and McBride,’
based on Frenkel er al®> AHqg compatible with
Pedley,*' S°q5 and C,° with Stull e al.**

(151) Estimated by group additivity. Group coefficients
from Stocker and Pilling.*’

(152) Polynomial coefficients from Burcat and McBride,’
based on Frenkel er al.%? A;H%qg from Pedley.*! $°q
and C,° compatible with Stull er al.**

(153) A{H%yg  from  AfHgg((CH3);CCHO)  with
D°gs(H—C(=O0)R)=373.8 ki mol ' .®

(154) A{H%9g  from  AH®y((CH3);CCHO)  with
D°¢g(H—CH,R)=423.0 kI mol ' 37!

(155) A;H®yqg from Liebman.”?

(156) Estimated by group additivity.

(157) §°9g and C,° polynomial coefficients from Burcat and
McBride,3 based on the data of Bauer and Duff.”
AH%qs from Wenthold eral® and Guo and
Grabowski.”

(158) §°9g and C,° polynomial coefficients from Burcat and
McBride,? based on the data of Dewar er al.”® AH 4
calculated with D°®,93(H—CH=—CH,)
=465.3 kImol™!,® and A H°s(HCCCHCHCHCH,)
estimated by group additivity.*>*

(159) §°95 and C,° polynomial coefficients from Burcat and
McBride,? based on the data of Burcat et al.”” AH%og
from Heckmann ez al.”®

(160) §°95 and C,° polynomial coefficients from Burcat and
McBride,” based on the data of Shimanouchi.®®
AH%yqs from Pedley.*!

(161) A¢H 95, S%0s, and C ) fitted to the data of Wang and
Frenklach.?’

(162) Estimated by group additivity.>** A Hos agrees
with Pedley.*!

(163) Estimated from properties of parent molecule,
(CH;3);CCH=CH,, applying H-bond increment
method. Increment for vinyl C—H from Lay e al.%!
Thermodynamic properties of (CH3);CCH=—CH, es-
timated by group additivity.>>*

(164) Estimated by group additivity.>>** Group coefficients
from Stocker and Pilling.*’

(165) §°95 and C,° polynomial coefficients from Burcat and
McBride,3 based on the data of Frenkel et al.’
A{Hsg from Pedley.*!

(166) Estimated by group additivity. Group values for
Cp—O group from ketene, and ring correction from
AH 5og (fullvene, 298 K), Burcat and McBride,’

33,34



(167)
(168)
(169)

(170)

(171)

(172)

(173)

(174)

(175)

(176)
(177)
(178)
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based BAC-MP4 calculations, Melius.!! (compound
reference A70D) Cp—O represents the =—C=0O
group.

AH®q4 estimated value, Liebman.’
AH®qs from Pedley.*!

S%9s and C,° polynomial coefficients from Sandia
Chemkin database,1 fit to BAC-MP4 data, Melius.!!
(compound reference D85P). A H g from Kerr and
Stocker.®

Estimated by group additivity.>>** AH®,95(Cg/*) co-
efficient from D% gg(C¢Hs—H)=473.1 kI mol ™! Cg/-
represents the phenyl radical center.”® Thermodynamic
properties of other isomers similarly estimated.
(AtH 95([-CsHy-]-3-OH)

=AH° y4([-CcH,-]-4-OH)=160.8 kI mol " !;
S%0g([-CgHy-1-3-OH) =324.93
§%0g([-C¢Hy-1-4-OH)=319.17 JK~ ' mol .
Fit to BAC-MP4 data Melius.!' (Compound reference
Q120).

Burcat and McBride,3 based on the data of Burcat
et al.”’ AHCgs compatible with Pedley,*' $%qg and
C,’ agree with Stull et al. 84

Fit to BAC-MP4 data Melius,11 (Compound reference
P11A).

Estimated from properties of parent molecule,
1-hydroxy-2,4-cyclohexadiene, applying H-bond in-
crement method. Increment for 1,3-cyclohexadiene
C—H, Lay et al.,32 Wang and Frenklach,87 and
Tsang.” Thermodynamic properties of 1-hydroxy-2,4-
cyclohexadiene estimated by group additivity.>>*
Estimated from properties of parent molecule, 1,2-
dihydroxy-3,5-cyclohexadiene, applying H-bond in-
crement method. Increment for 1,3-cyclohexadiene
C—H, Lay et al.,32 Wang and Frenklach,87 and
Tsang.'”  Thermodynamic properties of 1,2-
dihydroxy-3,5-cyclohexadiene estimated by group
additivity.*3* Thermodynamic properties of other iso-
mers similarly estimated:
[-C¢Hs-1-2,3-(OH),(AH %g5= —121.53 kI mol ~!;
5%03=384.77JK ' mol!) estimated from proper-
ties of 1,2-dihydroxy-2,4-cyclohexadiene,
[-C¢Hs-1-2,6-(OH),(AH g5=—121.53 kI mol ~!;
5%0s=384.77JK 'mol~!) estimated from 1,5-
dihydroxy-2,4-cyclohexadiene, [-CgHs-]-2,4-(OH),
(AH9=—121.53 kJ mol ~!;5%4

=384.77 JK ' mol~!) estimated from properties of
1,3-dihydroxy-2,4-cyclohexadiene,
[-CeHs-]-2,5-(OH), (AH y93=
—113.95 kI mol ™ ';5%¢s=385.66 JK ' mol™ ) esti-
mated from properties of 1,4-dihydroxy-2,4-
cyclohexadiene. Thermodynamic properties of parent
molecules estimated by group additivity.>>**
Estimated by group additivity.*>**

Estimated by group additivity. >34

§%9s and C,° calculated from spectroscopic data of
Ellison et al.'® (scaled by 0.9). AHgg from Ellison
et al.'®

2

and

(179)

(180)

(181)

(182)
(183)

(184)
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Estimated by group additivity.*®3! AH{®,45(Cg/*) co-
efficient from DCg(CsHs—H)=473.1 kJ mol~'.!®
Cg/- represents the phenyl radical center. Thermody-
namic properties of other isomers similarly estimated.
(AH95([-CsHy-]-3-CHs

= A H%og([-C¢Hy-]-4-CH;) =305.84 kI mol ';
S%0g([-CgHy-1-3-CH;3)=328.13
5%q5([-CeHy-]-4-CH;)=323.13 JK ' mol !
§%9s and C,,° polynomial coefficients from Burcat and
McBride,” based on the data of Hitchcock and
Laposa.'%! A H°q from Pedley.*!

Estimated from properties of parent molecule,
5-methyl-1,3-cyclohexadiene, applying H-bond incre-
ment method. Increment for 1,3-cyclohexadiene
C—H, Lay et al.,3l Wang and Frenklach,87 and
Tsang.” Thermodynamic properties of 5-methyl-1,3-
cyclohexadiene estimated by group additivity.?%*!
Thermodynamic properties of other isomers similarly

and

estimated: [-C¢Hs-1-6-(CH3)(H) (AH g
=180.82 kI mol ™ ';5%0=334.73 JK ' mol ') esti-
mated  from  properties of  5-methyl-1,3-
cyclohexadiene, [-CgHs-]-5-(CH3)(H) (AH o4

=174.42 kI mol ™ !;5%¢s=338.19 T K "mol ™ !) esti-
mated  from  properties of  4-methyl-1,3-
cyclohexadiene, [-CgHs-1-2-(CH3)(H) (AH g
=174.42kImol ™ !;5%¢s=338.19 T K "mol ™ !) esti-

mated  from  properties of  4-methyl-1,3-
cyclohexadiene, [-CgHs-1-4-(CH3)(H) (AH 05
=175.88 kImol ';5%0=336.89 JK ' mol ') esti-
mated from properties of  3-methyl-1,3-
cyclohexadiene, [-CgHs-1-3-(CH3)(H) (AH g

=175.88 kImol ™ ';8%gs=331.13JK 'mol ') esti-
mated from properties of  3-methyl-1,3-
cyclohexadiene. Thermodynamic properties of parent
molecules estimated by group additivity.*>*
Estimated by group additivity.>>

Estimated by group additivity.*>3* AH% ,4(Cg/*) co-
efficient from D%qg(CqHs—H)=473.1 kJ mol~'.%
Cg /- represents the phenyl radical center. Group coef-
ficients for the group CO—Cpy/H (representing a car-
bonyl group bonded to an H atom and phenyl-carbon
atom) calculated from the thermodynamic properties
of benzaldehyde. Thermodynamic properties of other
isomers similarly estimated.
(A¢H 598([-CsHy-]1-3-CHO

= A¢H q5([-CeH,-1-4-CHO)=218.71 kI mol " !;
S%098([-CeHy-1-3-CHO) =345.76
§%0g([-C¢Hy-1-4-CHO)=339.99 JK~ ! mol !
§%9s and C,° calculated from spectral data of Solly
and  Benson.'”  AH%g  determined  from
A¢H%93([-CgHs-]-CHO) with D®yg(H—C(=O)R)
=373.8 kImol~',% in good agreement with the results
of a study of reaction I+[-CgHs-]-CHO
—[-C4Hs-1-CO+HL " if activation energy of re-
verse reaction is assumed to be —8 kJmol™!,% and
the results determined from a photofragmentation
study of acetophenone by Zhao er al.'®®

and
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(185) S%9s and C,° polynomial coefﬁ01ents calculated from
the spectral data of Ambrose er al.'™ AHCqg from
Pedley.*!

(186) S°9s and C,,° polynomial coefficients calculated from
the spectral data of Kudchadker ez al.'® AH%qq from
Pedley.*!

(187) §°9g and C,° polynomial coefficients calculated from
the spectral data of Kudchadker ez al.'® A;H® g from
Pedley*!

(188) Estimated by group additivity. >34
(189) Estimated from properties of parent molecule,
5-hydroxy-6-methyl-1,3-cyclohexadiene, applying

H-bond increment method. Increment for 1,3-
cyclohexadiene C—H, Lay eral,> Wang and
Frenklach,®” and Tsang.99 Thermodynamic properties
of 5-hydroxy-6-methyl-1,3-cyclohexadiene estimated
by group additivity.**** Thermodynamic properties of

other isomers similarly estimated:
[-CeHs-]-2-(CH;)-2-(OH) (AH 98
=0.35kImol ™!, 85%p=371.99TK '"mol™!) esti-

mated from properties of 5-hydroxy-5-methyl-1,3-
cyclohexadiene. Thermodynamic  properties  of
5-hydroxy-5-methyl-1,3-cyclohexadiene estimated by
group additivity,”>** assuming the group coefficients
for the group C—C,/Cp/O (representing a carbon
atom bonded to two other sp* carbon atoms, an sp>
carbon atom and an oxygen atom) are the same as for
the group C—C;/O (representing a carbon atom
bonded to three other sp> carbon atoms and an oxy-
gen atom), [-C¢Hs-]-3-(CH;)-2-(OH) (AH s
=9.56 kImol !, §%g=372.88JK 'mol™"), esti-
mated from properties of 5-hydroxy-4-methyl-1,3-
cyclohexadiene, [-C¢Hs-1-6-(CH;3)-2-(OH)
(A{H%93=9.56 kImol !, 5%o8
=372.88 JK ! mol '), estimated from properties of
5-hydroxy-4-methyl-1,3-cyclohexadiene,
[-CeHs-]-4-(CH;)-2-(OH) (ApH 08
=9.56 kImol !, §%g=378.64JK 'mol™"), esti-
mated from properties of 5-hydroxy-3-methyl-1,3-
cyclohexadiene, [-C¢Hs-]-5-(CHs)-2-(OH)
(AH%g3=11.02 kI mol !, 5%o8
=371.58 JK ' mol!), estimated from properties of
5-hydroxy-3-methyl-1,3-cyclohexadiene. Thermody-
namic properties of parent molecules estimated by
group additivity.?>3

(190) C,° polynomial coefficients from Burcat and
McBrlde $%0s from Stull ef al.®* AHCg based on
A H®g3([-C¢Hs-]1+ C,H,—[-C4Hs-]-CCH+H) cal-
culated by Yu er al.'%

(191) Estimated from properties of parent molecule, phe-
nylethene, applying H-bond increment method. Incre-
ment for vinyl C—H from Lay er al.®"!

(192) S°9g and C polynomial coefficients from Burcat and
McBride,? based on data of Stull eral® A H® 5o
from Pedley.*!

(193) Estimated by group additivity.>>** A Hs(Cg/+) co-
efficient from DCg(CsHs—H)=473.1 kJmol '.%®
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Cg/- represents the phenyl radical center. Thermody-
namic properties of other isomers similarly estimated.
(AH 95([ -CsHy-]-3-C,Hs)

= A¢H 5[ -CeH,-]-4-C,Hs) =285.39 kJ mol ~ ;
S%098([-CgHy-1-3-C,H5=396.37 and
§%os([-CeHy-1-4-C,H5)=363.55TK™ ' mol .

(194) Estimated from properties of parent molecule, ethyl-
benzene, applying H-bond increment method. Incre-
ment for primary C—H from Lay et al.®"'

(195) Estimated from properties of parent molecule, ethyl-
benzene, applying H-bond increment method. Incre-
ment for secondary benzyl C—H from Lay er al.”!

(196) Estimated from properties of parent molecule,
p-xylene, applying H-bond increment method. Incre-
ment for primary benzyl C—H from Lay er al.”' and
D°4s(H—CH,C¢Hs) from Ellison e al.'®

(197) Estimated by group additivity.’*3! AHCs(Cg/*) co-
efficient from D°qg(CeHs—H)=473.1 kJmol '.%
Cg/+ represents the phenyl radical center.

(198) S§°9g and C polynomial coefficients from Burcat and
McBride,? based on the data of Draeger and Scott.'”’
AH°q from Pedley.*!

(199) 895 and Cp polynomial coefficients from Burcat and
McBride,’ estimated by group additivity.*® §%qg and
C,’ agree with Swll et al., 8 and AH with
Pedley41

(200) Estimated from properties of parent molecule, 2,5-
dimethyl-1,3-cyclohexadiene, applying H-bond incre-
ment method. Increment for 1,3-cyclohexadiene
C—H, Lay et al.,32 Wang and Frenklach,87 and
Tsang.” Thermodynamic properties of 2,5-dimethyl-
1,3-cyclohexadiene estimated by group additivity.**-*

(201) Estimated from properties of parent molecule, 5-ethyl-
1,3-cyclohexadiene, applying H-bond increment
method. Increment for 1,3-cyclohexadiene C—H, Lay
et al.,32 Wang and Frenklach,87 and Tsang.99 Thermo-
dynamic properties of 5-ethyl-1,3-cyclohexadiene es-
timated by group additivity.**** Thermodynamic prop-
erties of other isomers similarly estimated:
[-C¢Hs-1-6-(CoHs)(H) (A H 05=159.90 kJ mol !,
5%05=374.05TK ' mol~!) estimated from proper-
ties of 5-ethyl-1,3-cyclohexadiene,
[-CeHs-1-5-(CoHs)(H) (A H 05=154.50 kI mol !,
§%03=379.18 JK~ ! mol~!), estimated from proper-
ties of 4-ethyl-1,3-cyclohexadiene,
[-CeHs-1-2-(CoHs)(H) (AH 95=154.50 kJ mol !,
§%0g=379.18 JK~ ! mol~!), estimated from proper-
ties of 4-ethyl-1,3-cyclohexadiene,
[-C¢Hs-1-4-(CoHs)(H) (AH 95=155.97 kI mol !,
§%0g=377.89 TK~ ! mol '), estimated from proper-
ties of 3-ethyl-1,3-cyclohexadiene,
[-CeHs-1-3-(CoHs)(H) (A H 05=155.97 kI mol !,
§%03=383.65 JK ! mol™!), estimated from proper-
ties of 3-ethyl-1,3-cyclohexadiene. Thermodynamic
properties of parent molecules estimated by group
additivity. 3

(202) Estimated by group additivity.****
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(203) Estimated by group additivity.*>*

(204) Estimated by group additivity.>*4

(205) Estimated from properties of parent molecule,
5-hydroxy-6-ethyl-1,3-cyclohexadiene, applying

H-bond increment method. Increment for 1,3-
cyclohexadiene C—H, Lay eral,”> Wang and
Frenklach,®” and Tsang.”” Thermodynamic properties
of 5-hydroxy-6-ethyl-1,3-cyclohexadiene estimated by
group additivity.**** Thermodynamic properties of
other isomers similarly estimated:
[-CsHs-]-2-(C,Hs);-2-(OH) (AH 08
=—20.57kImol !, $%g=41131TJK 'mol ') es-
timated from properties of 5-hydroxy-5-ethyl-1,3-
cyclohexadiene, [-C¢Hs-]-3-(C,Hs);-2-(OH)
(A{H%g3=—10.36 kI mol !, §%08
=419.63 JK 'mol ') estimated from properties of
5-hydroxy-4-ethyl-1,3-cyclohexadiene,
[-CsHs-]-6-(C,Hs);-2-(OH) (AH®0g
=—10.36 kJmol !, $%g=419.63JK 'mol !) es-
timated from properties of 5-hydroxy-4-ethyl-1,3-
cyclohexadiene, [-C¢Hs-]-4-(C,Hs);-2-(OH)
(AH9g=—11.31kJmol !, 5%08
=421.84 JK "mol ') estimated from properties of
5-hydroxy-3-ethyl-1,3-cyclohexadiene,
[-C¢Hs-]-5-(C,Hs);-2-(OH) (AH 98
=—8.89kImol !, §%¢s=412.58 JK ' mol!) esti-
mated from properties of 5-hydroxy-3-ethyl-1,3-
cyclohexadiene. Thermodynamic properties of parent
molecules estimated by group additivity.>>**

(206) Estimated from properties of parent molecule,
5-hydroxy-3,6-dimethyl-1,3-cyclohexadiene, applying
H-bond increment method. Increment for 1,3-
cyclohexadiene C—H, Lay eral,> Wang and
Frenklach,®” and Tsang.”” Thermodynamic properties
of 5-hydroxy-3,6-dimethyl-1,3-cyclohexadiene esti-
mated by group additivity.**3* Thermodynamic prop-
erties of other isomers similarly estimated:
[-CsHy-1-2,5-(CH3),;-2-(OH) (AH 98
=—32.70 kJmol !, $%s=396.08 JK ' mol ') es-
timated from properties of 5-hydroxy-2,5-dimethyl-
1,3-cyclohexadiene, [-CgHy-]-3,6-(CHjz),;-2-(OH)
(AfHozggz —37.19 kI mol™ 1, S0298
=393.80 JK ' mol~!) estimated from properties of
5-hydroxy-1,4-dimethyl-1,3-cyclohexadiene. Thermo-
dynamic properties of parent molecules estimated by
group additivity.**3*
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4. Index of Reactions and Summary Table

4.1. Guide to the Summary Table

4.2. Summary of Preferred Rate Data
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TABLE 4.1. Bimolecular reactions

1

Reaction k/cm® molecule™ ' s~ T/K Error limits (A log k)
O Atom Reactions
O+H,—OH+H [6.34- 107 2 exp(—4000/T) 298-3300 *0.2 over the range 298-3300 K.
+1.46- 1077 exp(—9650/T)]
O0+OH—0,+H 2.0-10710 770352 exp(113/T) 250-3000 +0.2
O+HO,—OH+0, 2.7-107 ' exp(224/T) 220-1000 +0.1 at 220 K, rising to +0.5 at 1000 K.
0+H,0,—O0H+HO, 1.4- 10~ 2 exp(—2000/T) 283-500 +0.3
—0,+H,0
O+N,—NO+N 3.0- 107 % exp(—38400/T) 1700—-4000 +0.15
0+NO—0,+N 1.14- 10719 73 exp(—19200/7) 1500-5000 +0.3
O+NO(+M)—NO,(+M) See Table 4.2
O0+N,0—NO+NO 1.5-10" "% exp(—13930/T) 1000-4000 +0.2 at 2000 K, rising to
+0.3 at 4000 K and *0.4 at 1000 K.
—0,+N, 6.1-107 "% exp(—8020/7) 10002500 +0.2 at 2000 K, rising to =0.5
at 2500 K and 1000 K.
0+NH—NO+H (ki +ky)=1.8-10"""exp(—300/T) 295-3500 +0.5
HOH‘FN} k,<1.7-1071 298
O+ NH;— OH+ NH, 2.7-107 17 7185 exp(—3250/T) 300-2000 +0.2 at 300 K, rising to =0.3
at 2000 K.
0+ CN—CO+N(*S) 5-10" " exp(—200/T) 295-4500 +0.5
—CO+ N(ZD)}
0+NCO—NO+CO 72-1071 1450-3100 +0.3
—0,+CN 1.2:107% 7707 exp(—7390/T) 290-4500 0.5
0+HCN—CO+NH 2.3-107 8 72! exp(—3075/T) 450-2500 +0.2 at 450 K, rising to 0.3
—NCO+H at 2500 K.
—OH+CN
0+HNCO— OH+NCO 3.7-107 "8 7> exp(—5750/T) 500-3000 *0.3
—CO,+NH 1.6-10™* T'4! exp(—4290/T) 500-3000 03
—CO+HNO No recommendation; see data sheet.
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TABLE 4.1. Bimolecular reactions—Continued :‘l
®
Reaction k/cm® molecule ™' s ! T/K Error limits (A log k)
0+CH—CO+H 6.6-107 ! 295-2000 +0.5
—OH+C No recommendation; see data sheet.
L HCO" +e 4210713 exp(—850/T) 295-2500 +0.5
0+3CH,~CO+2H k=3.4-10"'%exp(—270/T) 290-2500 +0.2 at 290 K, rising to +0.3 at 3000 K.
—.CO+H, ky/1k=0.6 290-2500 Ak, /k)y=+0.3
0+ CH;—HCHO+H k=14.10"1° 294-2500 +0.1
—HCO+H, ki 1k=0.8; k3 /k=0.2 298 Ak, 1k)=A(ksy/k)==*0.1
—CO+H,+H
—OH+ CH,
0O+ CH,—OH+ CH, 7.3-107 1 725 exp(—3310/T) 400-2500 +0.3 over the range 600-2500 K,
rising to =0.5 at 400 K.
0+HCO—OH+CO 5-107 1" 300-2500 +03
—CO,+H 5.107 1 300-2500 +0.3
O-+HCHO— OH+HCO 6.9-107 13 7% exp(—1390/T) 250-2200 +0.1 at 250 K, rising to =0.3 at 2200 K.
O+ CH,0—0,+CH, k=25-10"" 298-1000 +0.3 at 298 K, rising to +0.7 at 1000 K.
_.OH+HCHO ks 1k=0.25 298 A(ky 1k)="5% at 298 K.
O+ CH;OH— OH+ CH,OH 4.1-10" M exp(—2670/T) 350—1000 +0.2 o
—OH+CH;0 >
0+ CH;00H— OH+ CH;0, 4.1-107 " exp(—2460/T) 297-1000 +0.3 at 297 K, rising to 0.5 IE
— OH+ CH,00H at 1000 K. (@)
O+ C,H— Products 9.9.10°"! 290-2500 +0.5 X
0+ C,H,—CO+3CH, k=1.95-10"1 T exp(—1110/T) 200-2500 +0.2 over the range 200-2000 K, Ll"'
_.CHCO+ }J ky k=08 250-2500 rising to +0.3 at 2500 K. »
Ak, 1k)=+0.1 ~
0+C,H;—OH+C,H, 5.0-107 250-2000 +0.5
—CO+ CH;
—HCO+CH,
O+ C,H,—CH,CHO+H 2.25-107"7 "% exp(—92/T) 220-2000 *0.1 over the range 300-1000 K,
—HCO+ CH,4 ky k=035 298 K and rising to =0.3 at 220 K and 2000 K.
—HCHO+ CH, ky 1k=0.6 P<1 bar Ak, /k)==%=0.05 at 298 K
—CH,CO+H, ky /k=0.05 Ak, /k)==0.1 at 298 K
A(k,/k)=*0.1 at 298 K
O+ C,Hy— CH;CHO+H k=22-1071° 2981000 +0.3 at 298 K, rising to +0.5 at 1000 K.
—HCHO+ CH,4 ki /k=0.4 298-450 A(k, 7k)=+0.05
. OH+C,H, ks k=03 298-450 A(k, k)=+0.1
—.CO+CH,+H ky/k=0.2 298-450 A(ksy /k)=+0.1
—CO+CH;+H,
0+ C,H;— OH+ C,H; 3.0-107 " 728 exp(—2920/T) 500—1400 +0.15 over the range 500-1100 K,
rising to =0.3 at 1400 K.
0+HCCO—2CO+H k=16-10"1° 280-2500 +0.2
—CO,+CH(X 2I1) (ky+k3)=4.9-10"" exp(—560/T) 280-1000 +0.3

—CO,+CH(a *37)
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TABLE 4.1. Bimolecular reactions—Continued

Reaction k/cm® molecule ™' s ! T/K Error limits (A log k)
O+ CH,CO—HCHO+CO k=3.0-10" "2 exp(—680/T) 296—-1000 +0.3 at 296 K, rising to + 1.0 at 1000 K.
—HCO+H+CO ki /k=0.2 298 Ak, /k)==0.1
—2HCO (ky+k3)/k=0.2 298 Al (ky+k3)/k]=*0.1
—.CO, +3CH, ki /k=0.6 298 Ak, /k)=%+0.2
O+ CH;CO—OH+ CH,CO k=3.5-10"1° 295-1000 +0.3
—CO,+CH, ki 1k=0.25 298 Ak, /k)y=+02
ko 1k=0.75 298 Ak, Tk)=%+0.2
0O+ CH;CHO— OH+ CH;CO 9.7-10 2 exp(—910/T) 298-1500 +0.1 at 298 K, rising to +0.5 at 1500 K.
—OH+ CHZCHO}
0+ CH;OCH;— OH+ CH;OCH, 5.4-107 2 exp(—1320/T) 220-450 +0.2
0+ C,HsOH— OH+ CH;CHOH 1-107"8 723 exp(—930/T) 298-1000 +0.2
— OH+ CH,CH,OH
— OH+ CH;CH,0
O+ C,Hs00H—OH + C,H,00H 1.10- 10719 exp(—2090/T) 298—-1000 +0.5 at 298 K, rising
—OH+ C,H50, to 0.7 at 1000 K.
O+ C;H;— CH,CHCHO+H 3.0-1071° 300-1000 +0.2 over the range 300-600 K,
—HCHO+ C,H; <3-107" 300-1000 rising to £0.4 over
the range 600—1000 K.
O+[-C4Hs-]—CO+[-CsHs-] 1.7-1071° 1050—1500 +0.3
—[-CsH,-]-CO+H
O+[-CgHg-](+M)—[-CsHs-]-OH(+M) See Table 4.2
—[-C¢Hs-1-O+H(+M)
O+[-CgHg-1—OH+[-CgHs-] No recommendation; see data sheet.
O+[-C4H;-1-0—[-CeH,-1-1,2-(0),+ H 28-1071° 295-1500 +0.3

—[-CeHy-]-1,4-(0),+H
—CO,+[-CsHs-]
O-+[-CgHs- ]-OH— Products 2.82- 107 " exp(—1540/T) 298-870 +0.3

O+[-C¢Hs-]-CH,—HCO+[-CgHs-] (ki +ky)=55-10"10 298 +0.3
—[-CgHs-]-CHO+H
—HCHO+[-CgH;-]

O+[-CgHs-1-CH;(+M)—[-CgH,-]-1-OH;-2-CH;(+ M) 5.3-107"° T'2! exp(—1260/T) 298-2800 *0.1 at 298 K, rising
—[-CgH,-]-1-OH;-4-CH3(+ M) to +0.3 at 2800 K.
—[-CgHs-]-OCH;(+ M)

O+[-C¢Hs—]-CH;— OH+[-C¢H;-]-CH,

—OH+[-C¢H,-1-CH,4

O+[-CgHs-]-CHO— OH+[-C¢Hs-1-CO k;=1.1-10"" exp(—910/T) 298-1500 +0.3 at 298 K, rising
—OH+[-C4H,-]-CHO See data sheet for information to £0.7 at 1500 K.

O+[-C¢Hs-]-CHO(+M)—[-C¢H,-]-(CHO)(O) (+M) on other channels.

O+[-C4H,-1-1,4-(CH;),(+M)—[-C4H;-1-1-OH;-2,5-(CH;) o (+ M) 5.1-107" exp(—1630/T) 298-1000 +03

—[-CgHy-]-1-OCHj ;-4-CH;(+ M)
O+[-Cg¢H;-]-1,4-(CH;3),—OH+[-C¢H,-]-1-CH, ;-4-CHj,4
O+[-Cy¢Hs-]-C,Hs— OH+[-C¢Hs-]-CHCH; 3.7-10" M exp(—1910/T) 298-900 +0.2
O, Reactions

ONITIAOIN NOILSNGINOD HO4 V.1vdad JOIL3ND d31vNnivAd

6..



G002 ‘€ "ON ‘b€ ‘|OA ‘eleq "Jod "way) 'shud r

TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
0,4+ CH,—HO,+ CH, 8.1-107 1 T2 exp(—26370/T) 500-2000 +0.5 over the range 500-1000 K,
rising to =0.7 at 2000 K.
0,+HCHO—HO, +HCO 4.05-107 1 723 exp(— 18350/T) 600-2500 +0.3 at 600 K, rising to
+0.5 at 2500 K.
0,+C,Hg—HO, + C,Hs 1.21- 10718 723 exp(—24740/T) 500-2000 +0.5 over the range 500-1100 K,
rising to = 1.0 at 2000 K.
0,4+ CH;CHO—HO, + CH;CO 2.0-107" 723 exp(—18900/T) 600-1500 +0.4 over the range 600—1000 K,
rising to =0.7 at 1500 K.
0,+ CH;0CH;—HO,+ CH,0CH;,4 1.21-107 '8 723 exp(—22240/T) 500-2000 +0.5 over the range 500—1000 K,
rising to =0.7 at 2000 K.
0,+ C,H;0H—HO,+ CH,CHOH 4.0-107" 1% exp(—22170/T) 500—2000 =0.5 over the range 500-1000 K,
—HO,+CH,CH,0H 6.0-107"9 723 exp(—24030/T) 500—2000 rising to = 1.0 at 2000 K.
— HO,+ CH;CH,0 2.0- 1071 725 exp(—26530/T) 500—2000 +1.0 over the range 500—1000 K.
0,+C3Hg—HO, + C;Hs 1.8-10720 725 exp(— 17980/T) 600—1500 +0.3 over the range 600—800 K,
rising to =0.5 at 1000 K, and falling to
+0.3 at 1500 K.
0,+[-C¢Hs-]-CH;—HO,+[-C¢Hs-]-CH, 1.9-10717 725 exp(—22620/T) 5002000 +0.4 over the range 500-1400 K,
rising to =0.6 at 2000 K.
H Atom Reactions
H+0,0H+0 34310710 770097 exp(—7560/T) 800-3500 +0.1 at 800 K, rising to +0.2 at 3500 K.
H+0,(+M)—HO,(+M) See Table 4.2
H+H(+M)—H,(+M) See Table 4.2
H,(+M)—H+H(+M) See Table 4.3
H+ OH(+M)—H,0(+M) See Table 4.2
H,O(+M)—H+ OH(+ M) See Table 4.3
H+HO,—H,+0, 1.75- 107 "% exp(—1030/T) 2501000 +0.3
_.20H 7.4-107 % exp(—700/T) 250-1000 +0.15
—H,0+0 2.4-107 " 298 =05
H+H,0—0H+H, 7.5-107 16 716 exp(—9030/T) 800—2500 +0.2
H+H,0,H,+HO, 2.8- 107 2 exp(— 1890/T) 280-1000 +0.5
—OH+H,0 1.7-10~ ! exp(—1800/T) 300-1000 +0.3
H+NO—OH+N 3.6-107 10 exp(—24910/T) 1500-4500 +0.3
H+NO(+M)—HNO(+M) See Table 4.2
HNO(+M)—H+NO(+M) See Table 4.3
H+NO,—OH+NO 4.2-10 1% exp(—340/T) 230-800 +0.1 at 230 K, rising to +0.3 at 800 K.
H+N,O(+M)—HN,O(+M) [5.5-10™ " exp(—2560/T) + 1.3 10~° exp(—9750/T) ] 350-2500 +0.3
H+N,0—OH+N, Branching ratios—see data sheet.
—NH+NO
H+NH—H,+N 5-107 1 1500-2500 +0.3
H+ NH,(+M)—NH;(+M) See Table 4.2 1100-3000 *0.2
H-+NH,—H,+NH 8.8-10" " exp(—2515/T)
NH;(+M)—NH+ H,(+M) See Table 4.3
—NH,H(+M)
H+CO(+M)—HCO(+M) See Table 4.2
HCO(+M)—H+CO(+ M) See Table 4.3
H+CO,—OH+CO 4.6-107 0 exp(—13915/T) 1000-3000 +0.2

08,
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
H+NCO—NH+CO 1.2-10 " exp(—500/T) 295-1500 +0.3 at 295 K, rising to 0.5 at 1500 K.
—HCN+O 4.4-107" 792 exp(—8630/T) 500-2500 +0.7
H+HNCO—NH, +CO 5.96- 10720 724 exp(—1180/T) 500—3300 +1.0 at 500 K, falling to =0.4 over the
—H,+NCO 14910710 7" exp(—7000/T) 500-3300 range 2000-3300 K.
H+CH—H,+C 2.0-10710 1500-2500 +0.6
H+3CH,—H,+CH 2.0-1071° 298-3000 +0.3 at 298 K, rising to = 1.0 at 3000 K.
H+CH;—H,+'CH, 2.1-1073 7793 exp(—8000/T) +0.15 over the range 300—1000 K
300-2500 +0.3 over the range 1000—-1700 K
+0.2 over the range 1700-2500 K
H+CH;(+M)—CH,(+M) See Table 4.2
CH,(+M)—H+ CH,(+M) See Table 4.3
H+CH,—H,+CH, 1.02- 10718 7230 exp(—4825/T) 350-2500 +0.2 at 1000 K, rising to =0.4 at 350 K
and 2500 K.
H+HCO—H,+CO 1510710 298-2500 +0.3
H-+HCHO—H,+HCO 3.34- 1072 77381 exp(—202/T) 290-2500 +0.1 at 290 K, rising to =0.5 at 2500 K.
H+ CH,0— H, +HCHO k=9.0-10""" exp(—300/T) 298-1000 +0.1 at 298 K, rising to +0.3 at 1000 K.
—.OH+CH, } ky 1k=0.7; ko /k=0.3. 298 Ak, 1k)=+0.15-0.20; A(k,/k)==0.2
at 298 K.
H+ CH,OH— HCHO+ H, k=58-10"" 298 +0.3
—CHOH+H, (ky+ky)/k=0.7 298 A[(ky +ky)/k]==*0.1
—CH;+OH
H+ CH,OH(+M)— CH;OH(+M)
H-+ CH;0H— H, + CH,0H 5.7-107 15 71 exp(—2260/T) 295-2500 +0.3 at 295 K, rising to +0.6 at 2500 K.
—H,+CH;0 }
H+C,H,—H, +C,H 1.67- 1071 T'6% exp(—15250/T) 300-3000 +0.2 at 300 K, rising to *0.7 at 3000 K.
H+ C,yH,(+M)—C,yH; (+M) See Table 4.2
C,H3(+M)—C,H, +H(+M) See Table 4.3
H+C,H;—H,+C,H, 7-10°" 300 +0.3
H+ C,H;(+M)— C,Hy(+M) See Table 4.2
C,H,(+M)—C,H,+H,(+M) See Table 4.3
—C,H;+H(+M) }
H+C,H,—H,+C,H; 3.9-1072 17382 exp(—5670/T) 400-2000 +0.4
H+ C,Hy(+M)—C,Hs(+M) See Table 4.2
CoHs(+M)—H+CH,(+M) See Table 4.3
H+C,Hs—H,+C,H, 7.0-107" 298-2000 +0.3 at 298 K, rising to +0.8 at 2000 K.
H+ C,Hs(+M)—CyHg(+M) No recommendation—see data sheet
H+ C,Hg—H,+C,Hs 1.63-107 10 exp(—4640/T) 298-1500 +0.4 at 298 K, falling to =0.3 at 1500 K.
H+HCCO—3CH,+CO (ky+ky)=22-10"1° 280-2000 0.2
—!CH,+CO ky 1k +ky)=0.08; ky /(ky+ky)=0.92 298 A(ky 1k)y="153¢3 Ak, 1k)="1058 at 298 K.
—H,+C,0 No recommendation—see data sheet
H-+HCCO(+M)—HCCOH(+ M) No recommendation—see data sheet
H+ CH,CO— CH;+CO 5.4-107 " 7085 exp(—1430/T) 298-2000 +0.3 at 298 K, rising to +0.5 at 2000 K.
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
H+CH;CHO—H, +CH,;CO 6.8-10 15 7116 exp(—1210/7) 298-2000 +0.1 at 298 K, rising to +0.4 at 2000 K.
—H,+ CH,CHO
— C2H5 +0
H+ CH;0CH;— H, + CH;0CH, 5.3-107"7 7' exp(— 1860/T)K 270-2000 +0.3 at 270 K, rising to +0.5 at 2000 K.
H+ C,HsOH— H,+ CH;CHOH 7.0-10" 2 exp(—2110/T) 295-700 +0.3
—H,+ CH,CH,0H
—H,+ CH;CH,0
H-+ C3Hy(+M)—C3Hg(+M) (k" +k,)=2.8-10"10 300-1000 +0.2 at 300 K, rising to +0.5 at 1000 K.
H+ C3H;—C,H;+ CH, 31071 300-1000 0.5
—H,+C,H,
H+[-CgHs-](+M)—[-CgHq-](+M) See Table 4.2
[—C¢Hg-1(+M)—C,H,+H, See Table 4.3
—[-C4Hs-1+H(+M)
H-+[ — C4Hg-]—H, +[-C4Hs-] 2.16-1077 T7%7 exp(—10070/T) 500-2200 +0.15
Ho+ [-CoHg-1(+M)—[-CeHy-1(+M) See Table 4.2
H+[-C¢Hs-1-O(+M)—[-C4Hs-]-OH(+ M) k=2-10"10 295-1000 +0.4
—[-C¢Hg-]=0(+M) Branching ratios—see data sheet
H+[-C4H;-]-O—[-CsHq-1+CO
H+[-C4Hs-]-OH—H, +[-C¢Hs-]-O 1.9-107 1% exp(—6240/T) 1000—-1500 +0.2
— OH+[-CeHy-] 3.7-10 " exp(—3990/T) 10001500 +0.2
ky 1k=0.892—540/T; ko /k=(1—k, /k) 1000—1500 Ak, 1k)=A(ky /k)=*0.2
H+[-C4Hs-]-CHy(+M)—[-CeHs-]-CH;(+M) See Table 4.2
[-C¢Hs-]-CH;(+M)—H+[-C4H;s-]-CH,(+M) See Table 4.3
—CH;+[-CHs-1(+M)
H+[-C¢Hs-1-CH;(+M)—[-CgHg-]-CH;(+ M) See Table 4.2
H+[-CgH;-]-CHs— H,+[-C¢Hs-]-CH, 6.6- 10722 T34 exp(— 1570/T) 600—2500 +0.3
—[-CeH,-1+ CH;4 9.6-10™ " exp(—4070/T) 770-1100 +0.3
—H,+[-C4H,-]-CH;, No recommendation—see data sheet
H+[-CgHy-]-1,4-(CH;),(+M)—[-C¢Hs-]- 1,4-(CHz),(+ M) See Table 4.2
H-+[-CgH,-]-1,4-(CHy),— Hy +[-CgH,-1- 1,(CH,)-4-(CH;) 6.6-107 "0 exp(—4210/T) 12001800 +0.5
—H,+[-CH;-]-1,4-(CH;), No recommendation—see data sheet
H+[-C¢Hs-]-C,Hs(+M)—[-CgHg-]-C,Hs (+M) See Table 4.2
H-+[-C4Hs-]-C,Hs— H, +[-C¢Hs-]-CHCH, 4.4-10722 T3% exp(—505/T) 600—1200 +0.3 over the range 600—800 K, rising to
+0.5 at 1200 K.
—C¢Hg+ C,H; 9.6- 10~ exp(—4070/T) 700-1100 +0.3 over the range 700-900 K, rising to
+0.5 at 1100 K.
—H,+[-C4¢H;s-]-CH,CH, 3.9-10722 7" exp(—3340/T) 500-2000 +0.3 over the range 500—1000 K, rising to
+0.5 at 2000 K.
—H,+[-C¢Hy-]-C,Hs 1.3-107 17 exp(—4880/T) 600-1200 +0.3 over the range 600-800 K, rising to
+0.5 at 1200 K.
H, Reactions
H,(+M)—2H(+M) See Table 4.3
OH Radical Reactions
OH+H,—H,0+H 3.6-107 16 7132 exp(—1740/T) 250-2500 +0.1 at 250 K, rising to =0.3 at 2500 K.
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
OH+OH—H,0+0 5.56- 10720 7242 exp(970/T) 250-2400 +0.15
OH+ OH(+M)—H,0,(+M) See Table 4.2
H,0,(+M)— OH+ OH(+ M) See Table 4.3
OH+HO,—H,0+0,] 4.8-10 " exp(250/T) 250-400 +0.2
1.54-107% exp(—8810/T) 1300-2000 +0.5
OH+H,0,—H,0+HO, [2.72-107°¢ exp(—14800/T)+3.2-10™ 12 exp(—215/T)] 240-1700 +0.2 over the range 240—-800 K and *0.5
over the range 800—1700 K.
OH+NH—NO+H, k=8.0-10"1 300-2000 +0.5 at 300 K, rising to + 1.0 at 2000 K.
—H,0+N Branching ratios—see data sheet
—H+HNO
OH+ NH,(+M)— NH,OH(+ M) See Table 4.2
OH+NH,—H,0+NH No rcommendation—see data sheet
—.O+NH,4 4.2-107% 7% exp(140/T) 300-200 +0.3 at 300 K, rising to =0.5 at 2000 K.
OH+ CO(+M)—HOCO(+ M) See Table 4.2
OH+CO—H+CO,
OH+CN—H+NCO 6.7-107 ! 1250-3000 +0.2
— O+HCN 1-107 " exp(—1000/T) 1250-3000 +0.6
OH+HCN—HNCO+H No recommendation—see data sheet
—H,0+CN ky=6.5-10"18 T exp(—5180/T) 500-2500 +0.2 over the range 1000-2500 K, rising
k 1k>0.5 for T>1500 K to +0.5 at 500 K; A(k, /k)=+0.2
—HOCN+H No recommendation—see data sheet
OH+HCN( +M)— H(OH)CN(+ M) No recommendation—see data sheet
OH+ HNCO— H,0+NCO 6.03- 10717 T exp(—1809/T) 600-2300 +0.15
—CO,+NH, Branching ratios-see data sheet
OH+ CH;(+M)— CH;OH(+ M) See Table 4.2
OH+CH3—1CH2+H20 See Table 4.2
—H+CH,OH 1.2-10™ 2 exp(—2760/T) 298-2000 +1.0
2.0- 10" exp(—6990/T) 298-2000 +1.0
—H+CH;0 5.3-107 15 exp(—2530/T) 298-2000 +1.0
—HCHO+H, See Table 4.2 for pressure dependent expression
—HCOH+H,
CH;O0H(+ M)— OH+ CH5(+M) See Table 4.3
OH+ CH,—H,0+ CH, 2.27-107 18 7218 exp(—1350/T) 250-2400 +0.1 over the range 250350 K, rising to
+0.2 at 800 K and +0.3 at 2400 K.
OH+HCO—H,0+CO 1.8-1071° 296-2500 +0.3
OH+HCHO—H,0+HCO 2.31-10" " exp(—304/T) 3001500 +0.1 at 300 K, rising to +0.3 at 1500 K
OH+ CH,0H— H,0+ CH,0H k=1.03-10"17 7" exp(144/T) 240-2000 +0.1 at 300 K, rising to +0.2 at 240 K and
—H,0+CH,0 ks /k=0.15 300 +0.3 at 2000 K.
A(ky lk)=+0.1
OH+ CH;00H— H,0-+ CH,00H 1.2-10" 2 exp(130/T) 250-1000 *0.2 at 250 K, rising to =0.4 at 1000 K
—H,0+ CH;0, 1.8-10™ 2 exp(220/T) 250-1000 +0.1 at 250 K, rising to £0.3 at 1000 K
OH+C,H,—CH,CO+H (ky+ky+k3)=13-107"" exp(—6800/T) 1000-2000 =0.5 at 1000 K, rising to * 1.0 at 2000 K
—HOCCH+H
—H,0+C,H
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TABLE 4.1. Bimolecular reactions—Continued ;
Reaction k/cm® molecule ™' s ! T/K Error limits (A log k) =
OH+ C,H,(+M)—C,H,OH(+M) No recommendation—see data sheet
OH+C,H;—H,0+C,H; No recommendation—see data sheet
—HCHO+ CH, (ky+ky+ks)=3.4-10""" exp(—2990/T) 6501500 +0.5
—CH,CHOH+H
—CH;CHO+H
OH+ C,H,(+M)—CH,CH,OH(+ M) No recommendation—see data sheet
OH+ C,Hg— H,0+ C,H; 1.52-107 17 720 exp(—500/T) 200-2000 +0.08 at 298 K, rising to £0.15 at 200 K
and to £0.2 at 2000 K.
OH+ CH,CO— CH;+CO, k=2.8-10""2exp(510/T) 296-1000 *0.2 at 296 K, rising to = 0.6 at 1000 K.
—CH,OH+CO ky 1k=0.6; k3 /k<<0.02; ky/k<0.01 298 Ak, k)=%+0.2
—HCO+H,CO
—H,0+HCCO
OH+ CH;CHO—H,0+ CH,CO 4.8-10716 7135 exp(792/T) 280-1000 +0.1 at 280 K, rising to +0.2 at 1000 K.
—H,0+ CH,CHO ki /k=0.93 298 Ak, /k)==*0.18
OH+ CH;0CH;— H,0+ CH;OCH, 8.2-107 17 T'" 3 exp(—176/T) 250-1200 *0.1 over the range 250-500 K, rising to
+0.3 at 1200 K.
OH + CH;CH,0H— H,0+ CH;CHOH k=3.0-107"7 T'78 exp(425/T) 290-1250 +0.1 at 290 K, rising to =0.2 at 1250 K.
—H,0+ CH,CH,OH ko 1k=0.15 600 A(ky Ik)=*+0.10 at 600 K o
—H,0+ C,H;0 !C>
OH+ C,H;O0H—H,0+ C,H;0, 3.0- 10" 2 exp(190/T) (estimate) 250—1000 +0.3 at 250 K, rising to +0.7 at 1000 K. -
—H,0+ CH,;CHOH kylk=kylk=ky/k=0.33 250-1000 A(ky 1k)=A(kyk)=A(ksk)=*0.15 g:)
—H,0+ CH,CH,0H m
OH+ C;Hs;—H,0+C;H, k;=10-10"" 300—1000 +0.5 ~
—.CH,CHCHO+2H (ky+k;")=2.5-10"1" 300-1000 +0.3 '13
OH+ C3H;(+M)— CH,CHCH,OH( + M)
OH+[-C4Hg-]1—H,0+[-C4Hs-] 2.80- 10~ " exp(—2302/T) 298-1500 +0.3 at 298 K, falling to +0.1 over the
range 500-1500 K.
—[-C4H;-]-OH+H 2.2-10" " exp(—5330/T) 1000-1150 +0.3
OH+[-C4Hg-1(+M)—[-CsHg-]-OH(+ M) No recommendation—see data sheet
OH+[-CgHs-]-OH—H,0+[-C4H;s-1-0 (ky+ky)=1.6-10""" exp(—443/T) 320-1050 +0.3
—H,0+ [-C6H4-]-OH}
OH+ [ -CgHs-]-OH(+ M) —[-C¢Hs-1-(OH),(+ M) See Table 4.2
OH+[-C¢Hs-]-CH;— H,0+[-C4H;-]-CH, 8.6 107 °T exp(—440/T) 400-1200 *0.5
—H,0+[-C¢H,-]-CH,4
OH+[-CgHs-]-CH;(+M)—[-C¢Hs-]-(CH;3)(OH)(+M)
OH +[-C4Hs-]-CHO— H,0+[-C¢H,-]-CO 1.3-107 " 298-1500 +0.1 at 298 K, rising to 0.5 at 1500 K.
—H,0+ [—C6H4—]—CHO}
6.4-107 ' exp(—1440/T) 500-960 +0.1

OH+[-C¢H,-]-1,4-(CH;),—H,0+[-C¢Hy- - 1,4-(CH;) (CH,)
OH+[-C¢H,-]-1,4-(CH;),(+M)—[-C¢H,-]-1-(OH)-2,5-(CH;),(+M)

OH +[-C¢H;-]-C,H;—H,0+[-C4Hs-]— CHCH,
—H,0+[-C¢Hs-]-CH,CH,
—H,0+[-CgH,-1-C,Hs

OH+[-CgHs-]-C,Hs(+M)—[-C¢Hs-]-2-(C,Hs)-2-(OH) (+ M)

HO, Radical Reactions

See Table 4.2

No recommendation—see data sheet

See Table 4.2
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
HO,+HO0,—H,0,+0, [7.0- 10710 exp(—6030/T) +2.2- 10~ 13 exp(820/T) | 550-1250 +0.15 over the range 550—800 K, rising to
+0.4 at 1250 K
HO,+NO—OH+NO, 3.4-107 12 exp(250/T) 200-2000 +0.15
HO,+ NH,—H,0+HNO 2.6-107 1" 300-400 +0.3
—0,+NH, Branching ratios—see data sheet
—OH+NH,0
HO, + CH;—OH+ CH;0 31071 600—1200 +1.0
—0,+CH, No recommendation—see data sheet
—HCHO+ Hzo}
HO,+CH,—H,0,+ CH, 7.8-1072° 723 exp(—10570/T) 600-200 +0.15 over the range 600—800 K, rising to
+0.3 at 1000 K and to =0.7 at 2000 K.
HO, + HCHO—H,0,+HCO 6.8-10720 T2 exp(—5140/T) 600-2000 +0.2 at 600 K, rising to +0.4 at 2000 K.
HO, + HCHO( +M)—HOCH,00( +M) See data sheet
HO, + CH,OH— Products 3-107 1 298 +0.5
HO,+ CH;0,— CH;00H+ 0, k=4.2-10""2 exp(750/T) 225-700 *0.1 at 225 K, rising to =0.3 at 700 K.
—HCHO+H,0+ oj ko 1k=0.1 298 A(k, /k)=+0.05
HO, + C,H,— OH+[-C,H,0-] 6.3- 10" 2 exp(—8990/T) 600—900 +0.15 over the range 600~750 K, rising to
+0.25 at 900 K.
—C,Hs+0, 1.0-107 13 7097 exp(—6580/T) 700—-1500 +0.2 at 700 K, rising to +0.4 at 1500 K.
HO,+ C,H;—H,0,+ C,H; 1.83- 1071 723 exp(—8480/T) 500-2000 +0.15 over the range 500—800 K, rising to
+0.3 at 1000 K and to +0.7 at 2000 K.
HO,+ CH;CHO— H,0,+ CH;CO 6.8-10720 725 exp(—5135/T) 600-1500 +0.4 over the range 600—1000 K, rising to
+0.7 at 1500 K.
HO,+ C3Hs— C3Hg+ O, 44-10712 300-1000 *0.3 over the range 600—800 K, rising to
+0.5 at 1000 K.
—CO,+ products 1.1-107 1 500-900 +0.3
HO, +[-C¢H;- ]-CH;— H,0, +[-C4H;s-]-CH, 1.55-107 1 7% exp(—7390/T) 600—1500 +0.3 over the range 600—800 K, rising to
+0.7 at 1500 K.
—H,0,+[-C¢H,-]-2-CH,4 ky=k3=3.0-10"2° 7?3 exp(—13900/T) 600-1200] *0.5 over the range 600—800 K, rising to
—>H202+[—C6H4—]—3—CHJ +1.0 at 1200 K.
—H,0,+[-C¢H,-]-4-CH, 1.5-10720 725 exp(—13900/T)
HO, +[-C¢Hs-]-C,Hs—H,0, +[-C¢Hs- ]-CHCH; 1.03- 1071 723 exp(—6805T) 600-1500 +0.3 over the range 600—800 K, rising to
+0.7 at 1500 K.
—H,0,+[-C¢Hs-]-CH,CH, 5.9-10720 723 exp(—8480/T) 600—1500 +0.3 over the range 600—800 K, rising to
+0.5 at 1500 K.
—H,0,+[-C4H,-]-2-C,H; ky=k,=3.0-10"2 725 exp(—13900/T) 600-1500] Aloghk;=Aloghk,=Alogks==0.5  over
—H,0,+ [-C6H4-]-3-C2HJ the range 600-800 K, rising to =1 at
—H,0,+[-CgH,-]-4-C,H; 1.5-10720 725 exp(—13900/T) 1500 K.
H,0 Reactions
H,O(+M)—H+ OH(+ M) See Table 4.3
H,0, Reactions
H,0,(+M)—20H(+M) See Table 4.3
N Atom Reactions
N+0,—NO+0 9.7-107 15 700 exp(—3120/T) 280-5000 +0.2 over the range 280—1500 K, rising to

*0.5 at 5000 K.
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/cm® molecule™ ! s~ T/K Error limits (A log k)
N+OH—NO+H 1.8-10710 7702 100-2500 +0.1 at 300 K, rising to = 0.3 at 100 K and
to =0.4 at 2500 K.
—NH+O0 No recommendation-k,«k;—see data sheet
N+NO—N,+0 35-1071 210-3700 +0.3
N+CN—N,+C 9.8-107 10 7704 300-3000 +0.3 at 300 K, rising to 0.5 at 3000 K.
N+ CN(+M)—NCN(+M)
N+NCO—N,+CO 23-10710 7702 298-1700 +0.2 at 298 K, rising to +0.5 at 1700 K.
—CN+NO No recommendation-k,«k;—see data sheet
N,O Reactions
N,O(+M)—0+N,(+M) See Table 4.3
NH Radical Reactions
NH+ 0,—NO+ OH 1.5-10" B exp(—770/T) 250-3300 +0.4
—H+NO, No recommendation—k,« (k| +k3)
_ HNO+O 4.0-10~ " exp(—6970/T) 2503300 *0.1
NH+NO—N,+OH k=(kitky)+(ky+ky) 298-3300 +0.3
—N,0+H (k1 +ky)=57-10"2 T~ %78 exp(—40/T) 298-3300 +0.3 over the range 298-1200K, rising to
“N,+H+0 (k3+ky)=7.4-10""" exp(—10540/T) 298-3300 =0.5 over the range 2000-3300 K.
—N,H+0 ky 1k=0.2; ky /k=0.8 208 Ak, 1k)=A(ky Ik)=*+0.15
NH, Radical Reactions
NH,+ 0,—NO+H,0 k=3.65-10"""exp(—12630/T) 1400-2400 +0.4
~.NO,+H, k1 =2.9-10" 10 exp(—12420/T) 1400-2400 +0.5
— HONO+H k4=1.66-10""" exp(—13230/7) 1400-2400 +0.5
_ HNO+OH ks=1.0-10""° exp(—15030/T) 14002400 0.5
CNH,0+0 ko ks kg<k
NH, + 0,(+M)—NH,0,(+ M)
NH, +NO—N,+H,0 k=1.14-10"8 77128 exp(106/T) 200-2500 +0.1
—N,0+H, (k3+ky)=0.7+3.36- 10"%(T~2200) 600—2200 A[(k3+ky)/k]==%0.05
—N,+OH+H kyTk<1=(ks+ky)/k 600-2200
—N,H+OH
—HNO+NH
NH, +NO(+M)— NH,NO(+ M)
NH, +NO,—N,0+H,0 k=138-107° 7707 3001600 +0.1 at 298 K, rising to +0.4 at 1600 K.
N, +H,0, ky1k=0.2 300-1600 Ak, 1k)=+0.05
—N,+OH+H For information on other branching ratios, see data sheet.
—H,NO+NO
—HNO+HNO
NH; Reactions
NH;(+M)—NH+H,(+M) See Table 4.3
—NH,+H(+ M)}
HNO Radical Reactions
HNO(+M)—H+NO(+ M) See Table 4.3
C Atom Reactions
1.1- 107 exp(—320/T) 2984000 +0.15 at 298 K rising to +0.5 at 4000 K.

C+0,—CO+0(°P)
—CO+0('D)

98/
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
C+N,—CN+N 8.69- 10~ ' exp(—22600/T) 2000-5000 +0.15
C+N,(+M)—CNN(+M) See Table 4.2
C+NO—-CO+N k=8.0-10"" 290-4050 *03
,CN+0 ky 1k=0.60; ky /k=0.40 15004050 AUk 7k)=A(k, k) =+0.3
C+H,0— Products See data sheet (Table 6.1)
C+CO(+M)—C,0(+M) See data sheet (Table 6.1)
C+CO,— Products See data sheet (Table 6.1)
C+ N,0— Products See data sheet (Table 6.1)
C+ CH,— Products See data sheet (Table 6.1)
C+ C,H,— Products See data sheet (Table 6.1)
C+ C,H,;— Products See data sheet (Table 6.1)
C+ CH;CCH— Products See data sheet (Table 6.1)
C+ CH,CCH,— Products See data sheet (Table 6.1)
C+ C3Hg— Products See data sheet (Table 6.1)

C+[-C¢Hg-]— Products

C+[-C¢Hs-]-CH;— Products

!¢, Radical Reactions
'C,+ 0,— Products

'C, + H,— Products

'C, + H,0— Products

1C, + N, — Products

!C,+ NO— Products
'C,+ CO,— Products

1C, + CH,— Products

1C, + C,H,— Products
'C,+ C,H,— Products
'C, + C,Hy— Products
'C, + CyHg— Products
1C, +[-C¢Hg-]— Products
3C, Radical Reactions
3C,(+M)—'Cy(+ M)
3C,+ 0,— Products

3C,+ H,— Products

3C,+ H,0— Products
3C,+ N,— Products

3C,+ NO— Products

3C, + CH,— Products
3C,+ C,H, — Products
3C,+ C,H,— Products
3C,+ C,Hg— Products
3C,+ C3Hg— Products
3C,+n-C,4H,;— Products
3C,+[-C4Hg-]— Products
'C, AC, Radical Reactions
Cy(+M)—C+C(+M)
C,+ O,—Products
C,+H,—C,H+H

See data sheet (Table 6.1)
See data sheet (Table 6.1)

See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)

See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)

See data sheet (Table 6.2)
See data sheet (Table 6.2)
See data sheet (Table 6.2)
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
C,+N,—2CN See data sheet (Table 6.2)
C,+C,—C+Cy See data sheet (Table 6.2)
CN Radical Reactions
CN+0,—CO+NO k=1.2-10""exp(210/T) 200-4500 +0.1 at 200 K, rising to +0.4 at 4500 K.
_NCO+0 ki 1k=0.25 298 Ak, 1k)=+0.05
_N+CO, ky/k=1.0 > 1000
CN+H,—~HCN+H 1.8- 10712 7260 exp(—960/T) 200-3500 +0.2
CN+H,0—HCN+OH 1.3-10" 1 exp(—3750/T) 500-3000 +0.3 at 500 K, rising to +0.5 at 3000 K.
—HOCN+H
CN+NO,—CO,+N, k=1.02-10"° T~ %72 exp(—173/T) 296-1600 +0.1 at 296 K, rising to 0.2 at 1600 K.
—.CO+N,0 ky 1k=0.06; ko /k=0.08; ks /k=0.86 298 Ak, 1k)=*+0.06; A(ky /k)=+0.08;
—NCO+NO A(ky/k)=+0.14
CN+ CH,—HCN+ CH, [6.2- 1072 exp(—735/T)+2.20- 10~ exp(—3100/T) ] 160-1500 +0.1 at 300 K, rising to +0.15 at 1500 K
and at 160 K.
NCO Radical Reactions
NCO(+M)— N+ CO(+M) See Table 4.3
NCO+NO—CO,+N, k=2.3-10"% 7717 exp(—380/T) 300-2700 +0.15 at 300 K, rising to +0.3 at 2700 K.
~.CO+N,0 ky 1k=5.2T"%% exp(—61.3/T) 300-2700 A(k, 7k)=A(ky k)= *0.1 at 300 K, rising
—.CO+N,+0 ko /k=0.142T°% exp(—20.5T) 300-2700 to 707 at 2700 K.
ky«k; and k, 300-2700
CH Radical Reactions
CH+0,—CO0,+H k=4-10"" 290-380 +0.3 at 290 K, rising to +0.5 at 800 K.
_.CO+OH k=14-10"1° 2200-3500 +0.3 over the range 2200-3500 K.
S HCO+0 Branching ratios—see data sheet
—CO+H+0
—CO+OH(A 23)
CH+H,—CH,+H 2.9-10" Y exp(—1670/T) 200-1000 *0.3
CH+H,(+M)— CH;(+M) See Table 4.2
CH;(+M)—CH+H,(+M) See Table 4.3
—CH,+H(+ M)]
CH+ H,0— Products 7.6-107 87142 290-1000 +0.5 at 290 K, rising to * 1.0 at 1000 K.
CH+ N2—>HCN+N} (k1 +ky)=6.0-10" "2 exp(—11060/T) 1000-4000 +0.3 over the range 2500—4000 K, rising
—NCN+H to 0.7 at 1000 K.
CH+ N, (+M)— CHN,(+ M) See Table 4.2
CH+NO—CO+NH k=1.9-10"1° 2004000 +0.15 at 200 K, rising to =0.3 at 4000 K.
_.NCO+H ky 1k=0.08; ky /k=0.13; ky/k=0.69 200-4000 Ak, 1k)=A(k, Ik)=0.05; A(ks k)
_HCN+0 k4 1k=0.01; k5 /k0.06; kg /k=0.03 200-4000 =+0.15;
_,CN+OH A(ky /k)=+0.01; A(ks/k)=*0.05;
L HCO+N A(kg lk)=*+0.02
—CNO+H
CH+CO—C,0+H 3.1-107 18 2500-3500 +0.3
CH+ CO(+M)—HCCO(+M) See Table 4.2
CH+ CO,—HCO+CO 1.06- 10710 711 exp(360/T) 296-3500 +0.15 at 296 K, rising to +0.3 at 3500 K.

—2CO+H

88/
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
CH+CH,—C,H,+H 2.2-1078 7% exp(—29/T) 160750 +0.2
— CH,+CH;
CH+HCHO— Products 1.6-107 1% exp(260/T) 300-700 +1.0
CH+C,H, ~H,CCC+H 3.1-10" " exp(61/T) 200-700 +0.3
—c-C3H,+H
—HCCC+H,
CH+ C,H,— Products 2.2-10" " exp(173/T) 200-700 +0.5
CH+ C,H,— Products 1.8-107 " exp(132/T) 200-700 +0.5
CH+ CH3;CCH— Products No recommendation—see data sheet
CH+ C3Hg— Products 1.9-107 0 exp(240/T) 298-700 +0.5
CH+ n-C4H,;— Products 4.4-107 0 exp(28/T) 250-700 +0.5
CH+ i-C,H,,— Products 2.0-107 19 exp(240/T) 298-700 +0.7
CH+ neo-CsH,;,— Products 1.6- 1070 exp(340/T) 298-700 +0.7
3CH, Radical Reactions
3CH,(+M)—C+H,(+M) See Table 4.3
—CH+H(+M)
—!CH,(+M)
3CH,+0,CO,+H, ] 3.0-107" 2501700 *0.34 at 250 K, rising to =0.7 at 1700 K.
—CO+H,0
—HOCO+H
—CO,+2H
—HCO+OH
—HC(0)O+H
—CO+H,+0
—HCHO+0
—CO+OH+H
*CH,+NO—CO+NH, ) 5.6-10 12 exp(500/T) 290-1000 +0.4 at 290 K, rising to 0.7 at 1000 K.
_ HNCO+H k4 1k=0.10; kg /k=0.90 290-1000 A(ky 1k)=A(kg /k)=*0.05
—H,+NCO Other branching ratios—see data sheet
—HCN+OH
—H,0+CN
—HOCN+H
—HCHO+N
—HCNO+H
—HCO+NH
—H,+CNO
—CH,N+0O
3CH, + NO(+ M) — CH,NO(+M)
3CH,+3CH,— C,H,+H, 3.0- 1077 exp(—6000/T) 1000-3000 +0.5
—C,H,+2H
—C,H;+H
3CH,+ CH;—H+C,H, 1.2-1071° 298-3000 +0.3 at 298 K, rising to =0.7 at 3000 K.
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
3CH,+ C,H,—CH,CCH+H k=2.0-10""" exp(—3330/T) 296-2000 *0.3 at 296 K, rising to +0.6 at 2000 K.
—ICH,+C,H, k,=5.5-10"2 exp(—4570/T) 296-1000 +0.6
3CH, + C,H,(+M)— CH,CCH,( + M)
—CH;CCH(+ M)
3CH,+ C,H,— CH,CHCH, + H k=5.3-10""2 exp(—2660/T) 296-1000 +0.3
. ICH,+C,H, ky=9.4-10" "2 exp(—4290/T) 296-1000 +0.5
3CH, + C,H,(+M)— C3Hg(+M)
—c¢-C3Hg(+M)
!CH, Radical Reactions
'CH,(+He)—*CH,(+He) 1.1- 10" " exp(—380/T) 200-1000 +0.2 over the range 200—300 K, increasing
to +0.4 at 1000 K.
'CH,(+ Ar)— CH,(+ Ar) 3.0-107 14 709 200-1000 +0.2
'CH,(+N,)—*CH,(+N,) 2.0-107 " exp(—237/T) 200—-1000 +0.2 at 200 K, rising to +0.3 at 1000 K.
'CH, (+H,)—’CH,(+H,) 1.0- 107" 200—1000 See data sheet
'CH,(+0,)—’CH,(+0,) 52-107 " 300-1000 See data sheet
'CH,(+H,0)—>CH,(+H,0) 2.5-10" " exp(217/T) 3001000 See data sheet
'CH,(+CO,)—>CH,(+CO,) 22-107 1" 3001000 See data sheet
'CH,(+ CH,)—*CH,(+CH,) 3.1- 10~ 2 exp(250/T) 2001000 See data sheet
'CH,(+ C,H,)—>CH,(+ C,H,) 1.1-1078 7709 200—1000 See data sheet
'CH,(+ C,H,)—>CH,(+ C,H,) 1.9- 10~ exp(280/7) 2001000 See data sheet
ICH,+0,—CO,+H, k=k;p=52-10"" 300-1000 +0.3 at 300 K, rising to +0.5 at 1000 K.
—CO+H,0
—HOCO+H
—CO,+2H
—HCO+ OH
—HC(0)O+H
—CO+H,+0
—HCHO+0
—CO+H+OH
—3CH,+0,
ICH,+H,—CH;+H k=1.0-10"1° 298-2100 +0.1 at 300 K, rising to =0.3 at 200 K and
—3CH,+H, ks 1k=0.1 200-1000 at 2100 K.

A(ky 1k)y="1037 at 300 K, rising to *07 at
200 K and 1000 K.

062
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
'CH, + NO—CO+ NH, . k=1.6-10"1 293-1000 +0.2 at 293 K, rising to +0.3 at 1000 K.
—HNCO+H
—H,+NCO
—HCN+OH
—H,0+CN
—HOCN+H
—HCHO+N
—HCNO+H
—HCO+NH
—H,+CNO
—CH,N+O
—3CH,+NO
'CH,+NO(+M)—CH,NO(+M)
!CH, + CH,— CH, + CH,4 k=3.1-10"" exp(250/T) 200-1200 +0.1 at 300 K, rising to =0.3 at 200 K and
—C,Hs+H (ky+ky)1k=0.9; k5 /k=0.1 200-1200 1200 K.
—3CH,+CH, A(ks/k)y="53 at 300 K, rising to 3 at 200
K and 1200 K.
'CH, + C,H,—CH,CCH+H k=56-10"% 770 200-1000 +0.2 at 200 K, rising to +0.4 at 1000 K.
—3CH,+ C,H, ki 1k=0.8; k, /k=0.2 200-1000 A(ky 1k)="53 at 300 K, rising to’ S at 200
ICH, + C,H,(+ M) — CH,CCH,(+ M) K and 1000 K.
—CH,CCH(+M)
ICH, + C,H,—CH,CHCH, +H k=9.4-10"" exp(280/T) 210-1000 +0.1 at 210 K, rising to 0.3 at 1000 K.
—3CH,+C,H, ky 1k=0.2 210-1000 Ak, /k)==0.2 at 300 K, rising to’(3 at
ICH, + C,H,(+ M) — C3Hg(+M) 210 K and 1000 K.
—¢-C3Hg(+M)
CH; Radical Reactions
CH;(+M)—CH,+H(+M) See Table 4.3
—CH+H,(+ M)]
CH;+ 0,—HCHO+OH <1.1-10" 2 exp(—7094/T) 10002500 +0.3 at 1000 K, falling to +0.15 at 2500 K.
—CH;0+0 3.5:107 ! exp(~16340/7) 1000-2500 0.3 at 1000 K, falling to +0.15 at 2500 K.
CH;+ O,(+M)— CH;0,(+M) See Table 4.2
CH,;+H,—CH,+H 1.8-107 2! 7288 exp(—4060/T) 370-2000 +0.15
CH;+NO—HCN+H,0 (ky+ky)=1-10""2 exp(—7550/T) 1100-1300 +0.2
—CH,N+ OH} Branching ratios—see data sheet
CH;+NO(+M)—CH3;NO(+M) See Table 4.2
CH; + CO(+M)— CH;CO(+M) See Table 4.2
CH,;CO(+M)— CH;+ CO(+M) See Table 4.3
CH,+CH;—C,Hs+H (k)=9.0-10" " exp(—8080/T) 1200-2500 +0.3
—C,H,+H, ko«k; 1200-2500
CH;+ CH;3(+M)—C,Hg(+M) See Table 4.2
C,Hg(+M)—CH3+ CH;3(+M) See Table 4.3
CH,+HCHO— CH,+HCO 5.3-107 23 133 exp(—2170/T) 300-2000 +0.2
CH, + CH;0H— CH, + CH,OH k=5.0-10"23 7345 exp(—4020/T) 300-2000 +0.2 at 300 K, rising to + 1.0 at 2000 K.
—.CH,+CH;0 } ky 1k=0.33; ky /k=0.67 300-525 Ak, lhy)==%0.2; A(ky/k)=+0.2
CH,+ CH;OCH,— CH, + CH;OCH, 1.0- 10720 7268 exp(—4190/T) 300-1600 +0.2 at 300 K, rising to +0.4 at 1600 K.
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TABLE 4.1. Bimolecular reactions—Continued al
N
Reaction k/cm® molecule ™' s ! T/K Error limits (A log k)
CH;+ C,H;OH— CH, + CH;CHOH k=9.9-107'% exp(—4880/T) 400-700 *0.2 at 400 K, rising to =0.3 at 700 K.
—CH,+ CH,CH,OH k;=7.8-10""13 exp(—4880/T) 400-700 *0.2 at 400 K, rising to =0.3 at 700 K.
—CH,+ CH,CH,0 k,=6.0-10" " exp(—4800/T) 400-700 +0.3 at 400 K, rising to 0.5 at 700 K.
ky=1.5-10""13 exp(—4730/T) 400-700 +0.2 at 400 K, rising to 0.3 at 700 K.
CH;+ C,H,—CH,+C,H No recommendation—see data sheet
—CH;CCH+H
CH;+C,H,(+M)— CH;CHCH(+ M) See Table 4.2
CH,+C,H,—CH,+ C,H, 1.0- 107" 713 exp(—8370/T) 6502800 *0.5
CH;+ CyHy(+M)—n-C3H,(+M) See Table 4.2
CH;+ C,H;—CH,+ C,H, 1.5-10712 300-2000 +0.4 at 300 K, rising to *0.7 at 2000 K.
CH;+ C,H;(+M)— C;Hg(+ M) See Table 4.2
C;Hg(+M)—CH; + C,Hs(+M) See Table 4.3
CH;+ C,Hg— CH,+ C,H; [9.3- 10" “exp(—4740/T) + 1.4- 10~° exp(— 11200/T)] 350-1500 +0.1 at 350 K, rising to 0.2 at 1500 K.
CH, + CH,CHO— CH, + CH,CO 5.8-10732 702! exp(—820/T) 298-1250 +0.1 at 298 K, rising to +0.3 at 1250 K.
—CH,+ CH,CHO Branching ratios—see data sheet
CH, + C3Hs— CH, + CH,CCH, 6.0-10" " 500-800 02
CH,+ C;H;(+M)— C,HsCHCH,( + M) See Table 4.2
CH, Reactions o)
CH,(+M)—CH,+H(+ M) See Table 4.3 :‘C’
CHO Radical Reactions -
HCO(+M)—H+CO(+M) See Table 4.3 C:E
HCO+ 0,—CO+HO, 4.5-107 1 7968 exp(236/T) 200-2500 *0.15 at 200 K, rising to 0.5 at 2500 K. m
—CO,+O0OH -
HCO+ O,(+M)—HCO;(+M) >
HCO+HCO—HCHO+CO k=5.0-10"" 230-1000 *0.2 at 230 K, rising to =0.3 at 1000 K. -
—H,+2CO Branching ratios—see data sheet
HCHO Reactions
HCHO( +M)—H+HCO(+ M) See Table 4.3
—H,+CO(+M)
CH,0H Radical Reactions
CH,OH(+ M) — CH;0( + M) See Table 4.3
—HCHO+ H(+ M)}
CH,OH+0,—HCHO+HO, (48107 T71°+1.2-107 "% exp(—1880/T)] 298-1200 +0.1 at 298 K, rising to +0.3 at 1200 K.
CH,OH+ O,( +M)H02CH20H(+M)}
CH,OH+ CH,OH— Products 1.5-107 " 298 +0.5
CH;0 Radical Reactions
CH;0(+M)—HCHO+H(+M) See Table 4.3
CH;0+ 0,—HCHO+HO, 3.6-10" " exp(—880/T) 298-1000 +0.1 at 298 K, rising to 0.3 at 1000 K.
CH;0, Radical Reactions
CH,0, + CH;0,—CH,;0+ CH;0+0, 9.5-10™ " exp(390/T) 250-700 +0.1 at 250 K, rising to =0.3 at 700 K.
—CH;OH+HCHO+ 0, ki 1k,=26.2 exp(—1130/T) 250-700 A(ky /ky)==0.1 at 250 K, rising to £0.3
—CH300CH;+ 0O, k3 k=0 250-700 at 700 K.
CH,0,+ C3;H;— CH;0+ CH,CHCH, O 2.0-107 " 500-1200 +0.5

CH3;0H Reactions
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
CH;OH(+M)— CH;+ OH(+M) See Table 4.3
—!CH, +H,0(+M)
—CH,0OH+H(+M)
CH3;00H Reactions
CH;O00H(+M)— CH;0+ OH(+ M) See Table 4.3
C,H Radical Reactions
C,H+0,—HCO+CO 2.7-10710 77035 200-1500 +0.2 at 200 K, rising to +0.3 at 1500 K.
—2CO+H Branching ratios; see data sheet
—CO,+CH
—C,0+0H
—HCCO+0
C,H+H,—C,H,+H 3.5-107 18 7232 exp(—444/T) 180-3000 +0.15 at 300 K, rising to 0.2 at 180 K
and *=0.5 at 3000 K.
C,H+H,0— Products No recommendation—see data sheet
C,H+ NO— Products 1.0- 10" 1 exp(—287/T) 295-450 +0.2
C,H+CO(+M)—HCCCO(+ M) No recommendation—see data sheet
C,H+CH,— C,H, + CH; 3.6-107 14 T0% exp(—328/T) 150-780 +0.2
C,H+C,H,—~C,H,+H 1.3-10°1° 200-2700 *0.1 over the range 200—1000 K, rising to
+0.5 at 2700 K.
C,H+ C,Hy— C,H, + C,H; 6.75- 10712 7028 exp(62/T) 150-780 +0.2
C,H; Radical Reactions
C,H3(+M)—C,H,+H(+M) See Table 4.3
C,H;+0,—C,H,+HO, No recommendation—see data sheet
_HCHO+ HCO k,=6.4-10" "2 exp(120/T) 290-900 *0.1 at 290 K, rising to +0.3 at 900 K.
—.C,H,0+0 No recommendation—see data sheet
C2H3+02(+M)HC2H302(+M)}
C,H;+C,H,—~C,H,+H k=2.3-10"'2 exp(—2764/T) 300-1000 *0.6 at 300 K, falling to £0.2 at 1000 K.
C,H; + CyH,y(+M)—n-C,Hs(+ M)} Branching ratios—see data sheet
C,H;+C,H;— C,H, + C,H, k=14-10"1° 298 +0.2
C,H;+ C,H;(+M)— CH,CHCHCH, ( + M)} Branching ratios—see data sheet
C,H;+C,H;—C,Hs+H 1.3-1071 1100 *1
C,H, Reactions
C,H,(+M)—C,H,+ Hy(+M) See Table 4.3
—C,H; +H(+M) }
C,H;5 Radical Reactions
G Hs(+M)—C,H, +H(+M) See Table 4.3
C,Hs+0,—C,H, + HO, 1.0-107" 700-1500 +0.2 at 700 K, rising to 0.4 at 1500 K.
C,Hs+ O0,(+M)— C,H50,(+M) See data sheet for information on modeling the pressure
dependence
C,Hs+H,—C,H,+H 5.1-107 2% 736 exp(—4250/T) 700-1200 +0.2 at 700 K, rising to +0.6 at 1200 K.
C,H;s+ C,H,(+M)— C,H;CHCH(+M) See Table 4.2
C,H,+ C,H,—C,Hs+C,H, 8.1-1073" 7582 exp(—6000/T) 600-900 +0.5
CyHs+ CyHy(+M)—n-CyHy(+M) See Table 4.2
C,H+C,H;—C,Hg+ C,H, 23-10712 295-1200 +0.3

C,Hs5+C,Hs(+M)—n-C4Ho(+ M)

See Table 4.2
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule™ ' s~ T/K Error limits (A log k)
C,H;s+ C,H;CHO— C,H¢+ C,Hs;CO 2.9-107 " exp(—3660/T) 300-700 *0.3
C,H;+ C;H,— C,Hy + CH,CCH, 1.6- 107 exp(66/T) 5001200 +0.3
—C,H,+C;H, 4.3-10" 2 exp(66/T) 500-1200 +0.4
C,H; + C;H,(+M)— CH;CH,CH,CHCH, (+ M) See Table 4.2
C,H Reactions
C,Hg(+M)—2CH;(+M) See Table 4.3
CHCO Radical Reactions
HCCO+0,—HCO+CO, 7 2.7-107 "2 exp(—430/T) for M=He, and P=<40 mbar 290-550 +0.7
—H+CO+CO,
—HCOO+CO
—OH+2CO
—HCO+CO+0
—C,0+HO,
HCCO+ O,(+M)—0,CHCO(+M)
HCCO+NO—HCNO+NO ’ 1.0-107 % exp(—350/T) 300-2000 +0.2 at 300 K, rising to =0.4 at 2000 K.
—HCN+CO, ki 1k=0.8; ko /k=0.2 300-2000 Ak Tk)=A(k,/k)=%0.1
CH,CHO Radical Reactions
CH,CHO+ 0,— CH,CO+HO, No recommendation for k (see data sheet)
_ HCHO+ CO+ OH ky/k=0.2 (at low pressures) 298 +0.2
—(CHO),+OH
CH,CHO+ O,(+M)— 0,CH,CHO(+ M) See Table 4.2
CH;CO Radical Reactions
CH;CO(+M)—CH;+CO(+M) See Table 4.3
CH,CO+ 0,—CH,C(0)O+OH k=3.2-10"'2 at P=1bar 220-500 *0.2 at 220 K, rising to 0.3 at 500 K.
CH;CO+ 0,(+M)— CH;CO;(+M) Branching ratios—see data sheet
CH;CHO Reactions
CH;CHO(+M)— CH;+ CHO(+ M) See Table 4.3
CH,CH,OH Radical Reactions
CH,CH,OH(+M)— C,H,;+ OH(+M) See Table 4.3
CH,CH,OH+ 0,— Products 3-10712 298 +0.3
CH;CHOH Radical Reactions
CH;CHOH( + M) — Products See Table 4.3
CH;CHOH+ 0,— HO, + CH;CHO [1.8-10 " 77 124+8.0- 10~ 10 exp(—2525/T)] 300-1000 +0.3 at 300 K, rising to 0.5 at 1000 K.
CH;CHOH + O,(+M)— CH;CH(O,)OH(+ M)}
C,H;0 Radical Reactions
C,H;0(+M)—HCHO+ CH;(+M) See Table 4.3
—CH;CHO+H(+ M)}
C,H;0+ 0,—CH;CHO+HO, 3.8-107 " exp(—440/T) 290-1000 +0.2 at 290 K, rising to +0.5 at 1000 K.

CH3;0CHj; Reactions
CH;0CH;(+M)— CH;0+ CH;(+M)
C,H;OH Reactions
C,HsOH(+M)—C,Hy+H,O(+M)
—CH,OH+ CH;(+M)
—C,Hs+OH(+M)
C,H;O0H Radical Reactions

See Table 4.3

See Table 4.3
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TABLE 4.1. Bimolecular reactions—Continued

1

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
C,HsO0H(+M)— C,HsO+ OH(+ M) See Table 4.3
C;H; Radical Reactions
C,H; + C3H;— Products 6.5-107 " 298-1000 +0.5
C;H;5 Radical Reactions
C,H;(+M)— CH,CCH, + H(+ M) See Table 4.3
C;H;5+ 0,—CH,CCH, +HO, 1.71- 10712 exp(—11400/T) 600-1200 *0.3 at 600 K, rising to =0.5 at 1200 K.
—CO+ products 7.6- 107 12 exp(—9450/T) 600—1200 +0.3
CHs+H,—CyH,+H 1.8-107 1 724 exp(—9550/T) 300-1100 +0.7 at 300 K, falling to 0.3 at 1100 K.
C;H5+ CH,— C;H,+ CH;4 6.6-107 23 T34 exp(—11670/T) 300-1200 +0.4
C;H;+HCHO— C;Hg+ CHO 1.2-107 16 7'8 exp(—9155/T) 300-1000 +0.4
C,H,+ C,H,— C;Hy+ C,H, 6.6-107 23 T34 exp(—13120/T) 600—1200 +0.5
—c-CsHg+H 1.0- 1073 exp(—9620/T) 600—1200 +0.7
C;H;+ C,H,— C3Hg+ C,Hs 3.9-10722 733 exp(—9990/T) 300-1200 +0.4
C;Hs + C3Hs( +M)— CH,CHCH,CH,CHCH,( + M) See Table 4.2
C,Hs + C3Hy— C3H, + CH,CCH, 1.0-1071 300-1000 +0.7
C;H;+ CyHg— C3H¢+ CH;CH,CH, 3.9-107 % 733 exp(—9990/T) 300—1200 *0.4 over the range 600-1000 K, rising to
—C;Hg+ CH;CHCH; 1.3-10722 733 exp(—8660/T) 300— 1200} +0.7 at other temperatures.
C;Hs+2-C4Hy— C3Hq + CH,CHCHCH, 3.6- 10" exp(—8180/T) 600—1000 +1.0
—.C,H, + CH,CCHCH, 3.3-1072 734 exp(—12160/T) 6001000 +0.5
C3H; +2-C,Hy(+M)—CH,CHCH,CH(CH;) CHCH,(+ M) See Table 4.2
C;H,+i-C,H,,— C;H,+ (CH;),CHCH, 5.9-107 % 733 exp(—9990/T) 300— 1200 +0.4 over the range 600—1000 K, rising to
—C3Hg+ (CH;);C 7-107% 733 exp(—7800/T) 300— 1200} +0.7 at other temperatures.
C3H;+[-C4H;-]-CH; — C3H, + [ -C¢Hs-]-CH, 1.8-107 " exp(—8660/T) 600—1000 +1.0
i-C3H; Radical Reactions
i-C3H;(+M)—C3Hg+H(+ M) See Table 4.3
i-C3H,+ 0,— C;Hs+HO, 3.3-10" " exp(1290/T) 600800 +0.5
i-C3H,+H,—C;Hg+H 1.3-10723 7328 exp(—4360/T) 300-1200 +0.5
i-C3H; 4+ C,H,(+M)—(CH;),CHCHCH( + M) See Table 4.2
i-C3H;+ C,H,(+M)— (CH;),CHCH,CH,( + M) See Table 4.2
i-C3H; +i-C3H,(+ M) — (CH;),CHCH(CH;),(+ M) See Table 4.2
i-C3H, +i-C3H,— CyHg + C3Hg 42-10712 300-1000 +0.1 at 300 K, rising to +0.5 at 1000 K.
i-C3H, +i-C3H,CHO— C;Hy + (CH; ) ,CHCO 6.6-10" " exp(—3170/T) 300-650 *0.5
—C3Hg+ (CH,),CCHO
HC3H8+CH2CH(CH3)CHO 5.3-107 14 eXp(*4780/T) 500-650 *+0.5
C3Hg Reactions
C3Hg(+M)—CH;+ C,Hs(+M) See Table 4.3
t-C,Hy Radical Reactions
t-C4Hoy(+M)—i-C4Hg+ H(+ M) See Table 4.3
t-C,Hy+ 0,—i-C,Hg+HO, 1.0- 107 ¥ exp(1590/T) 298-800 +0.5
t-C4Hy+H,—i-C,H,,+H 3.1-10726 7% exp(—4510/T) 300-1200 +0.5
t-C4Hy+ C,H,(+M) — (CH;); CCHCH( + M) See Table 4.2
1-C4Hy+ C,H,y(+ M) — (CH;);CCH,CH, (+ M) See Table 4.2
1-C4Hy + 1-C4Hy(+M)— (CH;) 3CC(CH;) 5(+ M) See Table 4.2
12-1077 7717 300-1000 +0.15 at 300 K, rising to +0.5 at 1000 K.

t-CyHy+ £-CyHy— i-CyHyo+i-C,Hy
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TABLE 4.1. Bimolecular reactions—Continued

Reaction k/em® molecule ' s~ T/K Error limits (A log k)
1-CyHo + 1-C,HyCHO— i-C,H, ¢+ 1-C,Hy,CO 1.0- 10 exp(—3200/T) 300-700 +0.5
—i-C,H,o+ CH,C(CH,),CHO 3.9-107 " exp(—5540/T) 500-700 +0.5
[-CsHs-] Radical Reactions
[-CsHs-](+M)— Products See Table 4.3
[-CsHs-] Reactions
[-CsHg-](+M)—[-CsHs- ]+ H(+ M) See Table 4.3
[-CsHs-] Radical Reactions
[-CoHs-](+M)—CHC(CH) ,(+ M) See Table 4.3
—[-CgH,-1+H(+M)
—CHCCHCHCCH + H( + M)
—CyH;+ CH, (+ M)
—C,H;+ CH,(+M)
[-C¢Hs-1+0,—[-C¢Hs5-1-0+0 1.7-10~ "' exp(—1802/T) 1050-1500 +0.2
— 12 —
S[-CeH,-1-1.2-(0), + H (ky+k3)=7.5-10""% exp(—1814/T) 11001400 +0.3
—[-CgH,-1-1,4-(0),+H
[-CeHs-]+ 0, (+M)—[-C4Hs-1-0,(+M) See Table 4.2
— —18 .77 _
[-CgHa-]+ CyHy—[-CoHs-]-CoH+ H k=4.0-10"" lT exp(—1152/T) 297-550 +0.3
ky=6.6-10"" exp(—5080/T) 900-1500 +0.3

[-CeHs-1+ CyHy(+M) —[-CsHs-]-CH,y(+M)
[-CsHg-] Reactions

['C6H6']( + M) "C4H4+ C2H2( + M)
—[-CgHs-]+H(+M)

[-CsHs-]-O Radical Reactions
[-C¢Hs-1-O(+M)—[-CsHs- ]+ CO(+ M)

[-CsHs-]-CH, Radical Reactions
[CeHs-1-CH,(+M)—[-CsHs- ]+ CoHy(+M)
—[-CsHs-]-C=CH+H(+ M)
—linear C;Hg+H(+M)
[-CsHs-]-CH; Reactions
[CgHs-]-CH3(+M)—[-C4Hs-]-CH, + H(+ M)
—[-C¢H,-]-CH3+ H(+M)

[-CsHs-]-1,4-(CH3), Reactions

[-CsHy-1-1,4-(CH;),(+ M) —[-CgHy-1- 1-(CH,)-4-(CH;) + H(+ M)
—[-C¢H,-1-4-CH;+ CH;(+M)

[-CsHs-]-C,Hs Reactions

[-CsHs-]-CoHs(+M) —[-CsHg- ]+ CoHy(+M)
—[-CgHs-]-C,H; + Hy(+M)
—o[-C¢H-]-CH, + CHy(+ M)
—[-C4H-]-CHCH; + H(+ M)
—[-C¢Hs-]-CH,CH, + H(+M)
—[-CHs-1+ C,Hs(+M)

See Table 4.3

See Table 4.3

See Table 4.3

See Table 4.3

See Table 4.3

See Table 4.2
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TaBLE 4.2. Combination reactions

k¢ /cm® molecule™ 2 s !

k.. /em® molecule ™! 57!

F,
3 —1 1 kok[M] Error limits (A log k)
Reaction k/cm” molecule™ " s IS K
0+NO(+M)—NO,(+M) ko(Ny)=9.2.10"28 7716 200-2200 +0.3
ko(Ar)=6.3-10"28 7716 200-2200 +0.3
k.,=4.9-10710 7704 200-2200 +0.3
F(N,)=0.8 200-2200 AF.=%02
Fy(Ar)=0.8 2002200 AF=%02
O+[-C4Hg-1(+M)—[-C4Hs-1-OH(+M) 3.7-107 " exp(—2280/T) 298-1400 +0.3
—[-C4Hs-1-O+H(+M)
H+ 0,(+M)—HO,(+M) ko(Ar)=1.9-10"2 7712 298-2000 +0.1 at 298 K, rising to +0.2 at 2000 K.
ko(N,)=7.3-10"2 7713 298-2000 +0.1 at 298 K, rising to +0.2 at 2000 K.
ko(H,0)=1.0-10"28 7710 298-2000 +0.1 at 298 K, rising to +0.3 at 2000 K.
k.,=[0.327%¢+29.10* 7717]. 10~ ! 298-1500 +0.5
F(Ar)=0.51 298-1500 AF,=%0.1
F(N,)=0.57 2981500 AF,=%0.1
F(Ar)=0.81 2981500 AF.==*0.1
H+H(+M)—H,(+M) ko(Hy)=2.8-10731 7706 200-5000 +0.5
ko(Ar)=18-10730 710 200-2500 +0.5
H+ OH(+M)—H,0(+M) ko(Ar)=2.3-10"26 7720 300-3000 +0.3
ko(Ny)=6.1-10"26 7-20 300-3000 +0.5
ko(H,0)=3.9-10"2 7720 300-3000 +0.5
H+NO(+M)—HNO(+ M) ko(Hy)=4.23-10730 77077 230-750 +0.3
H+NH,(+M)—NH;(+ M) ko(Ar)=7.6-1073 7037 exp(7840/T) 2000-3000 +0.4
k,=7.6-10"1"exp(—850/T) 20003000 +0.5
F(Ar)=0.58 exp(—T/4581)+ 0.42 exp(—T1/102) 2000-3000 AF.=0.1
H+ CO(+M)—HCO(+ M) ko(Ar)=2.0-1073 702 300-800 +0.3
ko(He)=1.5-10736 706 300-800 +0.3
H+ CH;(+M)—CH,(+ M) ko(He)=1.8-10"2 77138 300—-1000 +0.3
ko(Ar)=1.7-10"2 7718 300-1000 +0.5
ko(C,Hg)=8.6-10"24 7718 300-1000 +0.5
k.,=3.5-10"1° 300-2000 +03
F(He,Ar)=0.63 exp(—1/3315)+0.37 exp(—T/61) 300-2000 AF.=+0.1
F(CyHg)=0.71 exp(—T/3079) + 0.29 exp(—T/54) 300-2000 AF.=+0.1
H+ C,H,(+M)—C,H;(+M) ko(He)=1.6-10"20 77347 exp(—475/T) 200-2000 +0.3
ko(N)=1.0-10"20 77338 exp(—426/T) 200-2000 +0.3
k,=9.2-107"0 T"% exp(—1055/T) 200-2000 +0.3
F(He)=7.94-10"* 1078 200-2000 AF.==*0.1
F(N,)=7.37-10"* 1080 200-2000 AF.==*0.1
H+ C,H;(+M)— C,H,(+M) ko(He)=3.5-10"%7 300 +0.3
k.,=1.6-10"1° 300 +0.3
F.(He)=0.5 300 AF.==0.1
H-+ C,H,(+M)—C,Hs(+M) ko(He)=1.3-10"% exp(—380/T) 300-800 +0.3
ko(N,)=1.3-10"% exp(—380/T) 300-800 +0.3
k,=6.6-10""1 T''2 exp(—650/T) 200-1100 +0.3
F(He,N,)=0.24 exp(—T/40) + 0.76 exp(—17/1025) 300-800 AF,=*0.1
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TaABLE 4.2. Combination reactions—Continued

ko /cm® molecule ™2 s™!

k.. /cm® molecule ! 57!

F.
klem® molecule™ ' 57! =—k0kw[M]
Reaction ko[M]+ k., T/K Error limits (A log k)
H+C3Hs(+M)— C3Hg(+M) See Table 4.1
H+[-CgHs-](+M)—[-CsHg-1(+M) 1.3-10710 300—1700 +0.5
H+[-C¢H- ](+M)—[-CsHs-](+M) 6.7-10" " exp(—2170/T) 298-500 +0.15
H+[-CgHs-]-O(+M)—[ -C4Hs-]-OH(+ M) See Table 4.1
—[-CeHg-]=0(+M)
H+[-C¢Hs-]-CH,(+M)—[-C4Hs-]-CH;(+ M) 43.1071° 300-1650 +0.3
H+[-C4Hs-]-CH;(+ M) — [ -CgHg-]-CH;( + M) 1.8-107°1 298-350 +0.2
H+[-CgH,-1-1,4-(CH3),(+ M) —[-C4Hs-1-1,4-(CH;),(+ M) 3.8-107 1 298 +0.4
H+[-CgHs-]-CoHs(+M) — [ -CgHg- ]-CoHs (+ M) 29.1071 298 +0.3
OH+ OH(+ M) —H,0,(+ M) ko(N,)=6.6-10"2 7708 200-400 +0.2
ko(H,0)=4.0-10"3° 200-400 +0.2
k,=2.6-10""1 200-400 +0.2
F.(N,,H,0)=0.5 200—400 AF.=+0.1
OH+ NH,(+ M) —NH,OH(+ M) 3.1-107 ' 702 200-500 (P=1bar) =1
OH+ CO(+M)—HOCO(+M) ko(Ny)=[1.67- 10" exp(—8050/T) + 1.50- 10~ 2 exp(—2300/T) 80-3000 +0.1
OH+CO—CO,+H +1.68- 10~ B exp(—30/T)]
k=[2.04-107° exp(—7520/T)+ 1.83- 10~ " exp(—1850/T) + 1.33 80—-1000 +0.1
10 2 exp(—120/T)]
k(P)=ko[1+3.2(P/bar)exp(—T/161)] for M=N, 80-800 +0.1
OH+ CH,(+M)— CH;O0H(+M) k,°(He)=1.06-10"10 772! exp(—671/T) cm® molecule > s~ ! 298-2000 +0.2 at 298 K, rising to +0.3 at 2000 K.
—ICH,+ H,0(+M) ki*=7.2-10"° 7% cm® molecule ' 57! 298-2000 +0.2 at 298 K, rising to +0.3 at 2000 K.
— HCOH+ H,(+M) F,1(He)=0.75 exp(—T/7210) +0.25 exp(—T/1434) 298-2000 AF, ==0.1
k,°(He)=1.8-107% 770" exp(—275/T) cm® molecule™ ! s™! 298-2000 +0.3
k" =6.4-10"8 T58 exp(485/T) s~! 298-2000 +0.3
F,(He)=0.664 exp(—T/3569) +0.336 exp(—T/108) 298-2000 AF ,==0.1
+exp(—3240/T)
ke°(He)=3.8-107* 77 %12 exp(209/T) cm® molecule ' s~ 298-2000 +1.0
k™ =1.14-10""7 T80 exp(1240/T) s~ 298-2000 +1.0
Fo(He)=0.295 exp(—T/3704) +0.705 exp(—T/312) 298-2000 AF . 4==*0.1

Note for the above
reaction;
OH+[-C¢Hs-]-OH(+M)—[-C4¢Hs-]-(OH),(+M)
OH+[-C¢H,-1-1,4-(CH;3),(+M)
—[-CgHy-1-2,5-(CH;z),;-1-(OH) (+ M)

OH+ [-C¢Hs-]-(C,Hs) (+ M) —[-C¢Hs-]-(C,Hs) (OH) (+ M)
C+N,(+M)—CNN(+M)

CH+ H,(+M)— CH;(+ M)

CH+ N,(+M)—CHN,(+M)

+exp(—1238/T)

(i) The numbering of the rate constants corresponds to that on the data sheet and in Table 4.1
(ii) The pressure dependent bimolecular rate constants for channels (2) and (6) are given by k={kok.. /(k..+ko[M])}F, where F is the usual broadening factor.

1.3-107 2 exp(914/T)
1.4-1071

7.1-10712

[Ar]3.1-1073

ko(Ar)=4.7-10726 7716

km=8.5' 10—]] TO.]S

F(Ar)=0.48+0.25 exp(—T/300)
ko(Ar,N,)=4.4-10"26 7722
k,=9.6-10" 11 77015

F (Ar,N,)=exp(—T7/660) + exp(—1080/T)

300-375
298-320

298 (P<1 bar)
298

200-1000
200-1000
200-1000
500-1000
200-1000
200-500

*04
*0.1

*0.1
*0.5
*03
*03
*0.1
*0.2
*03
*0.1
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TaABLE 4.2. Combination reactions—Continued

ko /cm® molecule ™2 s™!

k.. /cm® molecule ! 57!

Fe.
klem® molecule™ ' 57! =—k0kw[M]
Reaction ko[M]+ k., T/K Error limits (A log k)
CH+ CO(+M)—HCCO(+M) ko(Ar)=6.3-10"% 7723 200-1000 +0.3
k,=17-10"° 17704 200—1000 +0.3
F(Ar)=0.6 200-1000 +0.1
CH;+ O,(+M)— CH;0,(+M) ko(Ar)=15-10"22 17733 300-800 A log k==+0.3 over the range P/mbar
ko(Ny)=1.6-10"22733 300-800 =(0.5-2000).
k,=13-10"17'? 300-800
F(Ar,N,)=0.466—1.30- 10T 300-800
CH;+ NO(+ M) — CH;NO(+ M) ko(Ar)=2.9-10732 exp(1430/T) 250-550 +0.3
k,=2.05-10" " exp(—60/T) 250-550 +0.3
F(Ar)=0.46 298 +0.2
CH,+ CO(+ M) — CH;CO(+ M) ko(He)=1.6-10737 T"% exp(—1300/T) 400-500 +0.2
ko(N,)=5.9-1073¢ 300-350 +0.5
ko,=3.1-107"0 7195 exp(—2850/T) 300-500 +0.5
F.(He)=0.5 400-500 AF,=*0.1
F.(N,)=0.6 300-350 AF,=*0.1
CH;+ CH;(+M)—C,Hg(+M) ko(Ar)=3.5-10"7 T~ 7 exp(—1390/T) 300-2000 +0.3
k,=6.0-10"" 300-2000 +0.3
F(Ar)=0.38 exp(—T/73) +0.62 exp(—T/1180) 300-2000 AF.==*0.1
CH;+ C,H,(+M)— C;Hs(+ M) 1.0- 107 2 exp(—3900/T) (at P=1 bar) 300-600 +0.5
CH;+ C,H,(+M)—n-C3H,(+M) 3.5-107 3 exp(—3700/T) 300-600 +0.3
CH;+ C,Hs(+M)— C3Hg(+M) k.=6.1-10"1 300-2000 +0.3
CH, + C3H;(+ M) — C,HsCHCH,( + M) ko=1.55-10"° T~ %% exp(—117/T) 300-800 +0.2 at 300 K, rising to 0.5 at 1200 K.
C,Hs + C,H,(+M)— C,HsCHCH(+M) 5.6- 10" exp(—3520/T) 300-600 +0.5
C,Hs + C,Hy(+ M) —n-C,Ho(+M) 1.8-107 3 exp(—3670/T) 300-600 +0.5
C,Hs+ CoHs(+ M) —n-CyH o + M) k,=19-10"" 295-1200 +0.3
C,H;+ C;Hs(+ M) — CH;CH,CH,CHCH,(+ M) k,=3.3-10""0exp(66/T) 500—1200 +0.4
CH,CHO+ O,(+M)— 0,CH,CHO(+ M) ko(Ny)=1.6-10"3° 298 +0.3
k,=19-10"1 298 +0.3
F.(N,)=0.5 298 AF.==*0.1
CH;CO+ O,(+M)—CH;CO5(+M) See Table 4.1
C;H;+ C3Hs(+M)— CH,CHCH,CH,CHCH,( + M) k,=23-10"" 300—1000 +0.2
C;H;+ 2-C,Hg(+ M) — CH,CHCH,CH(CH,;) CHCH;( + M) k., =1.0-10"13 exp(—9620/T) 600—1200 +0.7
i-C3H,+ C,H,(+ M) — (CH;),CHCHCH( + M) 5.3-10" " exp(—3470/T) 300-600 +0.5
i-C3H,;+ C,H,(+ M) — (CH,),CHCH,CH,(+ M) 7.5-10 " exp(—3470/T) 300-600 +0.5
i-C3H,+i-C3H,(+M)—(CH;),CHCH(CHj;),( + M) k.,=6.8-10""2 300—1000 +0.1 at 300 K, rising to +0.3 at 1000 K.
t-C4Hy+ C,Hy(+ M) — (CH;);CCHCH(+ M) 1.2-107 3 exp(—4320/T) 300-600 +0.5
t-C4Hy+ C,H,(+M)— (CH;);CCH,CH,(+ M) 3.3-10™ " exp(—4020/T) 300-650 +0.5
t-C4Hy+ 1-CyHy(+ M) — (CH;);CC(CH5)5(+ M) k,=52-10"8 77173 300-1000 +0.15 at 300 K rising to +0.3 at 1000 K.
[-C¢Hs-1+ O5(+ M) —[-C4Hs-1-O,(+ M) 1.0- 10" M exp(161/T) 297-500 +0.2

[-C¢Hs- 1+ CoHy(+ M) —[-CeHs-]-C,Hy(+ M)

See Table 4.1
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TABLE 4.3. Decomposition reactions (<]
8
ko, /s™!
ko /cm? molecule ™! 57!
F,
LIS
Reaction ko[M]+ k.. T/K Error limits (A log k)
H,(+M)—H+H(+M) ko(Ar)=3.7-10"'" exp(—48350/T) 2500-8000 +0.3
ko(Hy)=1.5-10"7 exp(—48350T) 2500-8000 +0.5
H,0(+M)—H+ OH(+M) ko(Np)=8-10"% exp(—52920/T) 2000-6000 +0.5
H,0,(+M)—20H(+M) ko(Ar)=3.8-10% exp(—21960/T) 1000—1500 +0.2
ko(N,)=2.0-10"7 exp(—22900/T) 700-1500 +0.2
k.,=3.0- 10" exp(—24400/T) 10001500 +0.5
F(Ar)=0.5 700-1500 AF,=*0.1
N,O(+M)—0+N,(+M) ko(Ar)=1.0-10"2 exp(—28910/T) 1000-3000 +0.3
k,=9.9-10" exp(—29140/T) 1000-3000 +0.5
F(An)=1.167—125-10"%T 1000-3000 AF.==0.1
NH;(+M)—NH+H,(+M) ko(Ar)=3.1-10"% exp(—46860/T) 2000-3000 +0.3
—NH,+H(+M) k.,=2.8-10"7 7793 exp(—55525/T) 2000-3000 =05
F(Ar)=0.58 exp(—T/4581)+ 0.42 exp(—T/102) 2000-3000 AF.==0.1
HNO(+M)—H+NO(+ M) ko(Hy)=3.8-10"7 T~ 9262 exp(—23180/T) 230750 =04
NCO(+M)—CO+N(+M) ko(Ar)=3.7-10"1" exp(—27200/T) 2000-3100 +0.2 g
3C,(+M)—'Cy(+ M) See data sheets (M=0,, Kr, Xe) c
('C, 1PCy) (+ M) = C+ C(+ M) See data sheets 5
3CH,(+M)—C+H,(+M) k1 =5.0-10"1"exp(—32600/T) 1700-4000 +0.7 at 1700 K, falling to +0.4 at 4000 K. T
. CH+H(+M) k,=1.56-10"% exp(—44880/T) 1700-4000 +0.7 at 1700 K, falling to +0.4 at 4000 K. m
—ICH,(+M) ky=Kk_5 (see 'CH,+M data sheet for values of k_5) ~
CH,(+M)—CH, + H(+M) 1.7-107 % exp(—45600/T) 1500-3500 +0.5 ,’3
—CH+H,(+M) 1.1-107% exp(—42800/T) 1500-3500 +0.5
CH,(+M)—CH;+H(+M) ko(Ar)=7.5-10"7 exp(—45700/T) 1000—1700 +0.3
ko(Ar)=7.8-10% T~ 32 exp(—59200/T) 1700-5000 +0.3
ko(CHy)=1.4-10"% exp(—45700/T) 1000-2000 +0.3
k.,=2.4-10" exp(—52800/T) 1000-3000 =03
F(Ar)=exp(—T/1350) + exp(—7834/T) 1000-5000 AF.==0.1
F.(CH,)=0.31 exp(—T/91) + 0.69 exp(—1/2207) 1000-2000 AF,==*0.1
HCO(+M)—H-+CO(+M) ko(Ar)=6.6- 10" exp(—7820/T) 500-2500 +0.3
HCHO(+M)—HCO+H(+M) [Ar]8.09- 10~ exp(—38050/T) 1700-3000 +0.3
—CO+H,y(+M) [Ar]4.7-107° exp(—32100/T) 1700-3000 +04
CH,OH(+M)— CH;0(+ M) ko(Ny)=1-10' 7753 exp(—18217/T) 300-2500 +0.5
— HCHO+H(+M) k., =2.8-10" 777 exp(—16515/T) 300-2500 =05
F(N,)=0.04 exp(—T/67.6) +0.96 exp(—T/1855) + exp(—7543/T) 300-2500 AF.=+0.5
CH,0(+M)—HCHO+H(+ M) ko(Ny)=31T"30 exp(—12230/T) 500—-1000 +0.3
k,,=6.8-10" exp(—13170/T) 500—-1000 +0.5
F(N,)=0.97—T/1950 5001000 AF.==0.1
CH;OH(+ M) — CH; + OH(+ M) ko(Ar)=1.1-10"" exp(—33080/T) 1000-2000 +0.3
—'CH,+ H,0(+M) k., =2.5-10" T~ %% exp(—47030/T) 1000-2000 +0.5
— CH,OH+H(+M) F(Ar)=0.18 exp(—T/200) + 0.82 exp(—T/1438) 1000-2000 AF.==0.1
CH;00H(+M)—CH;0+ OH(+ M) 6-10" exp(—21300/T) (P=1 bar) 500-800 +0.2 at 500 K, rising to +0.5 at 800 K.
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TABLE 4.3. Decomposition reactions—Continued

koo /s
ko /cm? molecule™ ! 57!
F,
k/Sil _ k()koc[M]
Reaction ko[M]+ k.. T/K Error limits (A log k)
C,H;(+M)—C,H, + H(+ M) ko(He)=6.6-10° T733 exp(—18070/T) 200-2000 +0.3
ko(Ny)=4.3-10% T73* exp(—18020/T) 200-2000 +0.3
k., =3.9-10% T'2 exp(—18650/T) 200-2000 +0.3
F.(He)=7.94-10"% 7078 200-2000 AF.==+0.1
F(N,)=7.37-10"% 108 200-2000 AF.==+0.1
C,H,(+M)—C,H, + Hy(+M) ko(Ar)=3.4-10""T exp(—39390/T) 1500—-3200 +0.3
—C,Hy+H(+M) ko(Ar)=4.3-10"7 exp(—48600/T) 1500—-3200 +0.5
CHs(+M)—C,Hy+H(+M) ko(CyHg)=1.7-10"% exp(—16800/T) 700-900 +0.3
k.,=8.2-10" exp(—20070/T) 700—-1100 +0.3
F(C,Hg)=0.25 exp(—T/97) +0.75 exp(—T/1379) 700-1100 AF,=+0.1
C,Hy(+M)—2CH;(+ M) ko(Ar)=2.6-10% T7337 exp(—47290/T) 300-2000 +0.5
ko(N,)=2.6-10% 7837 exp(—47290/T) 300-2000 +0.5
ko(CyHg)=4.5-10"2 exp(—41930/T). 8001000 +0.5
ko, =4.5-10%" 77137 exp(—45900/T) 300-2000 +0.3
F(Ar,N,)=0.38 exp(—1/73) + 0.62 exp(—T/1180) 300-2000 AF,=+0.1
F(C,Hg) =0.54 exp(—T/1250) 8001000 AF,=+0.1
CH;CO(+M)— CH;+ CO(+ M) ko(He)=1.0-10"% exp(—7080/T) 400-500 +0.2
ko(Ar)=7.0-10"13. 353 +0.4
k.,=2.0-10" exp(—8630/T) 300-500 +0.5
F(He)=0.5 400-500 AF,=+0.1
CH;CHO(+M)— CH;+ CO(+ M) k., =2.1-10"0 exp(—41135/T) 750-1700 +0.4
C,H;0(+M)—HCHO+ CH,(+M) 2-10" exp(—10170/T) (P =900 mbar) 300-600 +1.0
—CH;CHO+H(+M)
CH;0CH;(+M)— CH;0+ CH;(+ M) k.,=2.6-10" exp(—39080/T) 700-1700 +0.5
CH,CH,OH(+M)— C,H,+ OH(+M) 6.2-10" exp(—11900/T) s~ 500-800 +0.3
CH;CHOH( + M) — Products No recommendation; see data sheet
C,H;0H(+M)— C,H, +H,O(+ M) No recommendation; see data sheet
— CH,OH+ CH;(+ M)
—C,Hs+ OH(+M)
C,H;00H(+ M) — C,H50+ OH(+ M) »=4-10" exp(—21600/T) (estimate) 400-800 +0.3
C;H5(+M)— CH,CCH,(+ M) k,=1.5-10"" T3 exp(—30050/T) 800—1500 +0.3
i-C3H,(+M)— C3Hy+ H(+ M) ko(He)=3.56-10"7 exp(—14200/T) 750-830 +0.3
k.,=8.76-107 T'"7° exp(—17870/T) 170-1000 +0.3
F.(He)=0.35 750830 AF,=+0.1
C;Hg(+ M) — CH; + C,Hs(+ M) ko(Ar)=1.3-10"° exp(—32700/T) 700-2000 +0.5
ko, =4.0-10% T~ 187 exp(—45394/T) 700-2000 +0.3
F(Ar)=0.24 exp(—T/1946) +0.76 exp(—T/38) 700-2000 AF,=+02
1-C4Ho(+M)—i-C,Hg + H(+ M) k., =8.3-10" exp(—19200/T) 300-800 +0.5
[-CsH;-](+M)— Products 5.0- 10" exp(—16760/T) 1000-1600 +0.5
[-CsHg-](+M)—[-CsHs- ]+ H(+ M) 4.0-10" exp(—38760/T) 1250-1600 +0.3
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TABLE 4.3. Decomposition reactions—Continued

ke /s™!
ko /cm? molecule™ ! 57!
F.
k/Sil: k()koc[M]
Reaction ko[M]+ k.. T/K Error limits (A log k)
[-C¢Hs-](+M)— CHC(CH),,(+ M) ky=4.0-10" exp(—36700/T) 1450-1900 04
—HA+[-CgH,-1(+M) See data sheet for information on other channels
-C¢H,-
—H+CHCCHCHCCH(+ M)
—CyH;+ C,H, (+ M)
—C,H;+ C4H, (+M)
[-CsHe-1(+M)— CyH, + C,Hy(+M) 9.0- 10" exp(—54060/T) s~ 1200-2500 +0.4 at 1200 K, falling to
—[-CeHs-]+H(+M) +0.3 at 2000 K
[-C¢Hs-1-O(+ M) —[-CsHs-]+ CO(+ M) 7.4-10"" exp(—22070/T) s~ 1000-1600 +0.2
[C4Hs-1-CH,(+ M) —[-CsHs-1+ C,Hy(+ M) No recommendation; see data sheet 1200-1750 *0.3
—[-CsH;-]-C=CH+H(+M) (ky+k3)=3.4-10" exp(—42900/T) s~
—linear C;Hg¢+H(+M)
[C¢Hs-1-CH,(+M)—[-C4Hs-1-CH, + H(+M) 3.1-10" exp(—44890/T) s~ 920-2200 *0.3 at 920 K, rising to
+0.5 at 2200 K
—[-C4Hs-1+ CH;(+ M) 1.2:10" exp(—41972/T) s~ 1000-2100 +0.7 at 1000 K, falling to
+0.5 at 2100 K
k.,=5-10" exp(—42700/T) 1000—1800 +0.3
-C¢H,-1-1,4-(CH;),(+M)—[-C4H,-]-1-(CH,)-4-(CH;) + H(+ M * p
[-CoHy-]-1.4-(CHy )H[[_CGGHz_]]_LL_(CH;lCHgH;)/D . ky Ik=0.85; ky /k=0.15 1500 Ak, 1k)=A(k, [k)=+0.1
ky=7.1-10" exp(—37800/T) s~ 770-1800 +0.1 at 770 K, rising to

[-CsHs-]-CoHs(+M) —[-CsHg- ]+ CoHy(+M)
—[-CeHs-]-CoH3 +Hy(+ M)
—[-C¢H;s-]-CH, + CH;(+M)
—\[-C¢Hs-]-CHCH, + H(+ M)
—[-C¢Hs-]-CH,CH, + H(+ M)
—[-CgHs-]+C,Hs(+M)

*0.4 at 1800 K

c08
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EVALUATED KINETIC DATA FOR COMBUSTION MODELING 803

Thermodynamic Data
AH®5=5.90 kJ mol !
AS%95=6.69 T K~ ! mol™!
K.=1.87X T%9% exp(—694/T)

(300=< T/K=<5000)

5. Data Sheets

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

1

k/cm® molecule ™! s~ T/K Reference Comments

Rate Coefficient Measurements
3.1-107 " exp(—6976/T) 1700-2500 Frank and Just, 1985' (a)
5.25-107 12 exp(—3985/T) 297-471 Presser and Gordon, 1985° (b)
3.80- 107 10 exp(—6920/T) 1850-2500 Roth and Just, 19853 (c)
7.3-107 21 7293 exp(—2980/T) 3501420 Marshall and Fontijn, 1987+ (d)
6.18- 1078 7217 exp(—4080/T) 1713-3532 Natarajan and Roth, 1987° (e)
7.19-107 ' exp(—5249/T) 504-923 Sutherland et al., 1986° ()
3.10- 10~ 10 exp(—6853/T) 8802495 (g)
1.05-107"7 298 Zhu, Arepalli, and Gordon, 1989’ (h)
1.31-107° exp(—9381/T) 1790-2250 Shin, Fujii and Gardiner, 1989* (i)
1.35-107% exp(~9540/T) 2120-2750 Davidson and Hanson, 1990° 0)
6.14- 1070 exp(—7818/T) 1600-2250 Yang, Shin, and Gardiner, 1993 (k)
3.12- 107 " exp(—6897/T) 1424-2427 Ryu, Hwang, and Rabinowitz, 1995 1)
1.54-107% exp(—9740/T) 2690-3360 Javoy et al., 2000 (m)

Reviews and Evaluations
1.80- 10720 7280 exp(—2980/T) 298-2500 Cohen and Westberg, 1983 (n)
8.50- 10720 7297 exp(—3165/T) 300-2500 CEC, 1992; 1994 (0)

(a)

(b)

(c)

(e)

(f)

Comments

Shock tube study of H,/N,O/Ar mixtures. [O] moni-
tored by ARAS. k derived by fitting [O] profiles to a
mechanism of 11 reactions.

Flash photolysis of H, /O, / Ar mixtures. [O] monitored
by time-resolved resonance fluorescence under pseudo-
first-order conditions of O-atom removal. Total pres-
sures, 0.13-0.79 bar.

Shock tube study using reflected shocks in CH, /O, /Ar
mixtures. [O] and [H] monitored by ARAS. k derived
from numerical simulations using a 27-reaction mecha-
nism. The expression of Pamidimukkala and Skinner,
1982"5 found to be suitable for fitting [O] and [H] pro-
files. Nominal total pressure, 1.8 bar.

Flash photolysis of H,/CO,-Ar mixtures in high-
temperature photochemical reaction cell. [O] moni-
tored by time-resolved resonance fluorescence under
pseudo-first-order conditions of O-atom decay. Total
pressures, 0.05-2.0 bar.

Shock tube study using reflected shocks in H, /N, O/Ar
mixtures. [O] and [H] monitored by ARAS k derived
by numerical simulations of [O] and [H] profiles using
a 13-reaction mechanism. Total pressure, 1.4—2.0 bar.
Flash photolysis of H,/NO/Ar mixtures in a heated
reaction cell. [O] monitored by time-resolved reso-

(2

(h)

(i)

V)

(k)

nance fluorescence under pseudo-first order conditions
of O-atom decay. Total pressure, 0.066—0.13 bar.
Shock tube study using reflected shocks in NO/H, /Ar
mixtures and O-atom production by flash photolysis of
NO. [O] monitored by ARAS detection under pseudo
first order conditions of O-atom decay. Total pressure,
0.3-1.0 bar.

Pulsed excimer laser photolysis of H, /O, /Ar mixtures.
[O] monitored by time-resolved resonance fluorescence
under pseudo first order conditions of O-atom decay.
Total pressure, 0.39 bar.

Shock tube study using reflected shocks in lean
H, /0, /Ar mixtures. Relative [OH] monitored by cw
laser absorption. k derived by numerical simulations
using a 9-reaction mechanism. Total pressure, 1.5-3.0
bar.

Shock tube study wusing reflected shocks in
H, /NO/N,O/Ar mixtures with O atoms produced by
excimer laser photolysis of the NO or pyrolysis of
N,O. [O] monitored by time resolved ARAS under
pseudo-first-order conditions of O-atom decay. Nomi-
nal total pressure, 0.5 bar.

Shock tube study using reflected shock in H,/O,/Ar
and H, /NO/Ar mixtures. Relative [OH] monitored by

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005
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cw laser absorption. k& derived by numerical simula-
tions using a detailed reaction mechanisms. Total pres-
sure, 1.2—2.2 bar.

(I) Shock tube study using reflected shock in lean
H,/0,/Ar mixtures. Relative [OH] monitored by cw
laser absorption. k derived by numerical simulations
using a 20-reaction mechanism. Total pressure, 1.8-2.1
bar.

(m) Shock tube study using reflected shocks in N,O/H, / Ar
mixtures at total pressures of ~250kPa. [O] was
monitored by time resolved ARAS at 130.5 nm. Values
of k were derived by fitting the O-atom profiles using a
detailed reaction mechanism. Checks were carried out
to confirm the sensitivity of [O] to k under the condi-
tions used.

(n) See Comments on Preferred Values.

(o) Adopted recommendation of Sutherland ef al., 1988.°

Preferred Values

k=[6.34-10" "2 exp(—4000/T)+ 1.46- 10~ exp(—9650/
7)] cm® molecule ' s~ ! over the range 298—3300 K.

Reliability
Alog k==*0.2 over the range 298-3300 K.

Comments on Preferred Values

There have been numerous measurements of the rate con-
stant of this reaction and a number of excellent reviews.
Baulch et al.,“’ and later Cohen and Westberg,13 evaluated
the older data and the recommendations of the latter were
adopted in the review of Tsang and Hampson.'” Cohen and
Westberg'® concluded that the reliable low temperature stud-
ies were those of Clyne and Thrush,18 Hoyermann, Wagner,
and Wolfrum,19 Westenberg and de Haas,20 Balakhnin
et al.,*' Dubinsky and McKenney,”> Campbell and Thrush,*
Light and Matsumoto,”* and Campbell and Handy.®® At
higher temperatures their recommendations were based on
the data of Pamidimukkala and Skinner,]5 Frank and Just,26
and the reanalyzed results of Gutman et al.,27 Schott,z&32
Jachimowski and Houghton,29 Getzinger et al.,30 and Brabbs
et al.3! Since the review of Cohen and Westberg'® there have
been a number of studies in excellent agreement which have
served to define kK much more precisely over a wide tempera-
ture range. Only these more recent studies are cited in the
table.

In our previous evaluations,'* for our preferred expression
for k we adopted an expression derived by Sutherland et al.®

which extrapolates well to higher temperatures being in ex-
cellent agreement with the data of Natarajan and Roth’ and
of Javoy e al.'? and also with the expression derived by
Natarajan and Roth’ to cover this high temperature range
(1713-3532 K). However, in our present evaluation an alter-
native expression is used which slightly improves the fit to
the lower temperature data.
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Thermodynamic Data
AH®=—68.29 kI mol !
AS%gs=—25.04 TK™ ' mol™!
K.=3.48 -1073 T%3% exp(+8390/T)
(300=< T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.
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Rate Coefficient Data

k/cm® molecule™ ! s7! T/K Reference Comments

Rate Coefficient Measurements
2.0- 10" M exp(112/T) 221-499 Lewis and Watson, 1980 (a)
3.8-107 " 298 Howard and Smith, 19807 (b)
6.7-10710 7705 250-515 Howard and Smith, 1981° (b)
3.1-107 1 300 Brune, Schwab, and Anderson, 1983* (c)
3.5-107 1 299 Keyser, 1983° (d)
42.107M1 294 Smith and Stewart, 1994° (e)
45.107" 227
5.2-107 ! 190
6.1-107 " 158

Reviews and Evaluations
54210713 79375 exp(1112/T) 1000-5300 Michael, 19927 (f)
2.0- 10~ M exp(112/T) 220-500 CEC, 1992; 19948 ()
24-107 1 1000-2000
2.2-107 " exp(120/T) 220-500 NASA, 1997° (h)
2.3-10" " exp(110/T) 220-500 IUPAC, 1997 )

Comments

(a) Discharge flow system with O generated by a discharge
in O, and OH by the H+NO, reaction. [OH] moni-
tored by resonance fluorescence.

(b) Discharge flow system with O generated by the N
+NO reaction and OH by flash photolysis of H,O.
[OH] monitored by resonance fluorescence.

(c) Discharge flow study with O atoms in excess over OH.
[OH] monitored by LMR and rf, [O] by rf and absorp-
tion, and [H] by resonance fluorescence.

(d) Discharge flow system with HO and HO, generated by
the reaction of H with NO, and O,, respectively. A
steady state concentration of HO and HI, was estab-
lished in the presence of excess O by the reaction se-
quence O+HO,—HO+0,, O+OH—H+O0O,, H
+0,+M—HO,+M. [HO] monitored by rf and
[HO,] by titration with NO and detection of OH. The
measured [HO]/[HO,] gives k/k(O+HO,). Value of
k calculated using k(O+HO,)=5.7-10"" cm?
molecule™ ' s~ ! (this evaluation).

(e) Fast flow system in which OH radicals were created by
pulsed laser photolysis at 266 nm of HNOj in the pres-
ence of a much higher concentration of O atoms previ-
ously produced upstream of the HNOj; injection point
by the N+ NO reaction. [OH] was monitored by LIF,
pumping at ~282.5 nm and observing at ~310 nm.
The time delay between the pulse generating OH and
the LIF probe pulse was varied. Results were also ob-
tained at 103 K, 50 K, and 10 K but with large uncer-
tainties.

(f) Calculated from thermodynamic data and k(H+O,).

(g) Expression of Lewis and Watson' adopted for low tem-
perature range and high temperature expression derived
from thermodynamic data and k(H+ O,).

(h) Based on the data of Westenberg ef al.,'' Lewis and
Watson,' and Howard and Smith.?

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

(i) Based on the data of Lewis and Watson' and Howard
and Smith.’

Preferred Values

k=2.00-10"10 77932 exp(113/T) cm® molecule 's™!
over the range 250-3000 K.

Reliability
A log k==*0.2 over the range 250-3000 K.

Comments on Preferred Values

The only direct studies on this reaction have been carried
out at low temperatures where there is excellent agreement
among the more recent of them.'~® There are also a number
of older studies''™'® where the agreement is less good but
which generally support the more recent work. The data in
this regime have been reviewed by the NASA® and TUPAC"
Panels whose findings are accepted.

Although there have been no direct measurements of k
above 515 K the reverse reaction has been extensively inves-
tigated at temperatures in the range 800—3400 K. The pre-
ferred expression for k£ has been derived, therefore, by a fit to
the data obtained by combining the expression for k(H
+0O,) from the present evaluation with the thermodynamic
data at temperatures above 800 K together with the directly
obtained experimental data at temperatures below 500 K.
The reaction has been the subject of a number of theoretical
studies; see Miller,'g’21 Troe,22 Harding et al.,23 and Troe
and Ushakov.*
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(1983).
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0+HO,—O0H+0,
Thermodynamic Data
AH 5= —223.4 k] mol !
AS®gg=—128 TK " 'mol !
K.=11.1 T~ exp(+26700/T)
(300=<T/K=<15000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data
k/cm® molecule™ ! s ! T/K Reference Comments
Rate Coefficient Measurements
54-107 " 296 Sridharan, Qiu, and Kaufman, 1982! (a)
3.1-107 ' exp(200/T) 230-370 Keyser, 19822 (b)
6.2-10° 1 298 Ravishankara, Wine, and Nicovich, 19833 (c)
52-107 1 300 Brune, Schwab, and Anderson, 1983* (d)
2.9-10" " exp(228/T) 266-391 Nicovich and Wine, 1987° (e)
Reviews and Evaluations
2.8-10" ' exp(200/T) 300—-1000 Tsang and Hampson, 1986° (f)
54107 300—-1000 CEC, 1992; 19947 (g)
3.0-107 ' exp(200/T) 220-400 NASA, 19978 (h)
2.7-107 " exp(224/T) 220—-400 TUPAC, 1997° (i)

(a)

(b)

(c)

(d)

(e)

()
(2)
(h)
(i)

Comments

Discharge flow study; HO, generated by the F+H,0,
reaction. [H] and [O] monitored by VUV resonance
fluorescence, [OH] by LIF, and [ HO,] by quantitative
conversion to OH with an excess of NO.

Discharge flow study; HO, generated by the F+H,0,
reaction. [H], [O], and [OH] monitored by resonance
fluorescence and [HO,] by quantitative conversion to
OH with an excess of NO.

Pulsed laser photolysis of H,0,/03/N, (or Ar) mix-
tures at 248 nm. [H,0,] determined by absorption
spectroscopy. [O] monitored by time-resolved reso-
nance fluorescence. k found to be independent of pres-
sure in the range 13—660 mbar.

Discharge flow study performed with both HO, and
with O atoms in excess. [OH] monitored by laser mag-
netic resonance and by absorption, [H] by resonance
fluorescence, and [HO,] by laser magnetic resonance
and by quantitative conversion to OH by an excess of
NO.

Pulsed laser photolysis of H,O, /05 /N, mixtures. [O]
monitored by time-resolved resonance fluorescence.
Total pressure, 105 mbar.

Accepts the evaluation by the CODATA Panel.'”
Based on the data of Sridharan ef al.!

Based on the data in Refs. 1-5.

Takes the mean value at 298 K from Refs. 1-5 and
combines it with the mean value of E/R from Refs. 2
and 5.

Preferred Values

k=2.7-10""exp(224/T) cm® molecule 's™! over the
range 220—-1000 K.

Reliability
Alogk==0.1 at 220 K, rising to =0.5 at 1000 K.

Comments on Preferred Values

The only reliable data on this reaction have been obtained
at low temperatures. All of the low temperature data'~>11-1°
have been thoroughly evaluated by the NASA and IUPAC
Panels. Based on the studies cited in the table, on which we
base our preferred expression for k, they recommend very
similar expressions. The only available data at high tempera-
tures have been obtained from flame modelling!” or are
estimates.'® However, the low temperature data indicate that
the temperature coefficient of k is small. We therefore rec-
ommend use of the low temperature Arrhenius expression up
to 1000 K with substantial error limits at high temperatures.

A theoretical treatment of the reaction' suggests that at
low temperatures it will proceed by an addition mechanism
giving rise to the negative temperature dependence of k, as
observed experimentally, but at higher temperatures direct
abstraction of H may become competitive, and be dominant
above 1000 K, which would lead to a positive temperature
dependence of k at high temperatures. The error limits sug-
gested at 1000 K takes into account a possible contribution
from abstraction.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005
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Thermodynamic Data
AH q5(1)=—59.9 k] mole ™'
AS®g(1)=17.26 TK™ ' mol !
K(1)=2.45-10> T~ %48 exp(+7000/T)

AH®qg(2)=—254.7 kJ mol !
AS®%g(2)=—1.61 TK ' mol !
K(2)=61.9 T~ %0 exp(+42470/T)

(300=T/K=5000) (200=T/K=6000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= k;+ k)

k/cm® molecule™" s7! T/K Reference Comments
Rate Coefficient Measurements

2.8-107 2 exp(—2125/T) 283-368 Davis, Wong, and Schiff, 1974! (a)

1.1-10712 exp(—2000/T) 298-386 Wine et al., 19832 (b)
Reviews and Evaluations

1.1- 107 2 exp(—2000/T) 300-500 CEC, 1992; 1994° (c)

1.4-107 "2 exp(—2000/T) 280-390 NASA, 1997;* TUPAC, 1997° ()

Comments

(a) O atoms generated by pulsed laser photolysis of O at
600 nm. [O] monitored by resonance fluorescence.

(b) O atoms generated by pulsed laser photolysis of O at
532 nm. [O] monitored by resonance fluorescence.

(c) Based on the data of Davis ef al.'! and Wine er al.?

Preferred Values

k=1.4-10""?exp(—2000/T) cm® molecule ' s~ ! over the
range 283-500 K.

Reliability
Alog k==*+0.3 over the range 283-500 K.

Comments on Preferred Values

The studies of Davis et al.' and Wine et al.” are in excel-
lent agreement on the temperature coefficient of &, but differ
by approximately a factor of 2 in the absolute values of k
obtained throughout the temperature range of their studies.
The preferred expression accepts the temperature depen-
dence from the study of Wine et al.> and combines it with a
pre-exponential factor which reproduces the mean value of k

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

at 298 K obtained from the two studies.” Roscoe® has dis-
cussed the early work on this reaction” and, on the basis of
his experimental and modeling results, comes to the conclu-
sion that, apart from the study of Davis er al.,! pre-1982
studies are unreliable due to the effects of secondary chem-
istry in all of the systems used.

Information on the branching ratios from experiment is
indirect and approximate. Albers ef al.” concluded from their
measurements on the reaction stoichiometry that &k, /k~0.5,
whereas Roscoe® decided that the data from his discharge
flow work was best explained by assuming a value of unity
for k; /k. In the study of Wine et al.,2 their results could be
modeled with values k,/k in the range 0.4-0.8 and all that
could be concluded with certainty was that k; /k>0.2.
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Thermodynamic Data
AH®qg5=313.8 kJ mol !
AS®%gg=11.2Tmol ' K™!
K.=1.93 T%% exp(—37700/T)

(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ! ™! T/K Reference Comments
Rate Coefficient Measurements

3.06- 10719 exp(—38370/T) 2380-3850 Monat, Hanson, and Kruger, 1979' (a)

3.0- 107 % exp(—38300/T) 2400-4100 Thielen and Roth, 1984 (b)
Reviews and Evaluations

3.0-107 " exp(—38370/T) 2000-4000 Hanson and Salimian, 1984° (c)

3-107 "% exp(—38300/T) 1400—4000 CEC, 1994* (d)

Comments

(a) Shock tube study. O atoms generated by pyrolysis of
N,O in N, /O, /Kr mixtures optimized to maximize the
sensitivity of the results to k. [NO] was monitored be-
hind the incident shock wave by infrared (IR) emission
at 5.3 um and absorption of CO laser radiation at 5.17
um. The [NO] profile was fitted using a 9-step reaction
mechanism to derive k. Uncertainty estimated to be
*=35% over the temperature range.

(b)  Shock tube study. O atoms generated by pyrolysis of
N,O in N, /O, /Ar mixtures. [O] and [N] monitored by
time resolved ARAS behind reflected shock wave to
give values of k directly. Uncertainty in k estimated to
be =40%.

(c)  Accepts the expression obtained by Monat ez al.'

(d) Based on the data of Monat e al.' and Thielen and
Roth.?

Preferred Values

k=3.0-10""exp(—38400/T) cm® molecule 's™! over

the range 1700-4000 K.

Reliability
Alog k==0.15 over the range 1700-4000 K.

Comments on Preferred Values
There have been a number of measurements of the rate
constant of this reaction">>~!! which are in excellent agree-

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

ment on the value of E/R, but give absolute values of k
which scatter over a range of approximately 4. The preferred
values are based on the studies of Monat ef al.' and Thielen
and Roth? which are considered to be the most direct. The
preferred expression for k is unchanged from our previous
evaluation® and is virtually identical with that suggested by
Hanson and Salimian.?

Measurements of the rate constant for the reverse reaction
(see this evaluation) are in excellent agreement with these
recommendations and the thermodynamic data.
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0+NO — 0,+N

Thermodynamic Data
AH®qgq=133.2 kJ mol !
AS%gs=—13.37TK ' mol™!
K.=8.13-1072 717 exp(—15950/T)
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! 57! T/K Reference Comments
Rate Coefficient Measurements
k=6.03-10""2 exp(—19900/T) 1575-1655 Kaufman and Decker, 1959' (a)
k=6.0-10"13 5000 Wray and Teare, 19622 (b)
k=148-10"" 3000 Clark er al., 1969 (c)
k=3.89-10""5 T exp(—19450/T) 2500-4100 Hanson ef al., 1974* (d)
k=2.89-10"15 T exp(—19450/T) 1750-2100 McCullough, 1977° (e)
Reviews and Evaluations
k=6.3-10"" T exp(—20850/T) 1500—5000 Hanson and Salimian, 1984° (f)
k=3-10"" T exp(—19500/T) 200-2500 Tsang and Herron, 19917 ()
k=1.14-10""5 713 exp(—19200/T) 1000-5000 CEC, 1994 (h)

Comments

(a) Heated static reactor study using O,/NO mixtures in
molar ratios in the range 0—40. Unreacted [NO] moni-
tored by UV absorption spectrometry. Equilibrium of O
atoms with O, was assumed.

(b) Shock tube study on NO/O, /Ar mixtures. [NO] moni-
tored behind the incident shock wave by absorption at
127 nm. The [NO] profile was fitted to a detailed ki-
netic mechanism but only data acquired in NO/O, /Ar
=0.5%/0.25%/99.25% mixtures near 5000 K were
sufficiently insensitive to other rate constants to derive
values of k.

(¢) N,O decomposition studied using reflected shock
waves and mass spectrometric detection of NO, O,,
and O. k was derived from the small changes in the
measured NO concentration.

(d) Shock tube study of N,O/Ar or N,O/Kr mixtures with
[NO] monitored by absorption at 5.3 um. Values of k
were derived by fitting the [NO] profile using a detailed
kinetic model.

(e) Flow tube study of NO/Ar mixtures. [NO] monitored
as a function of flow rate by chemiluminescence. Val-
ues of k were derived by detailed modeling of the ki-
netics and flow.

(f) Based on the data from Refs. 1-5.

(g) Accepts the evaluation of Hanson and Salimian.

(h) Accepts the analysis of Hanson and Salimian® and de-
rives a similar expression.

6

Preferred Values

k=1.14-10"1 7" exp(—19200/T) cm® molecule ' s™!
over the range 1500-5000 K.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

Reliability
A log k==*0.3 over the range 1500-5000 K.

Comments on Preferred Values

There have been no new studies of this reaction since our
previous evaluation® and our Preferred Values are un-
changed. The kinetics of the reaction can only be studied
conveniently at high temperatures and all of the available
data have been obtained at temperatures above 1500 K.
These studies, all of which are cited in the Table, are in good
agreement. The data have been reviewed previously by Han-
son and Salimian,® Tsang and Herron,” and by Cohen” all of
whom derive expressions for k very similar to that suggested
here. There has also been a theoretical treatment of the
reaction'’ in which the potential energy surface and kinetic
properties have been analyzed and k estimated from the ki-
netics of the reverse reaction.

At low temperatures the reaction proceeds by the addition
channel, O+ NO(+M)—NO,(+ M), the data for which are
evaluated in the data sheet which follows the present one.
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O+ NO(+M)—NO,(+ M)

Thermodynamic Data
AH 5= —306.4 kI mol !
AS%gs=—131.8 TK™ ' mol™!
K.=1.28-10"28 79622 exp(+36930/T) cm® molecule™!
(300<T/K<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™' 7! T/K [M]/molecule cm™3 Reference Comments
Rate Coefficient Measurements
Low Pressure Range
[Ar] 2.1-10733(T/2000) "' 1450-2200 (9.0-1506) - 10" Troe, 1969! (a)
[Ar] 6.0-1073 296 3.3-10"7 Slanger, Wood, and Black, 19732 (b)
[Ar] 1.3-1073 241
[N,0] 2.6- 10732 exp(—450/T) 300-392 (1.3-2.2)-10"8 Atkinson and Pitts, 1974% (c)
[N,]7.4-107% 295 Hippler, Schippert, and Troe, 1975* (d)
[Ar] 8.3-107%
[N,O] 1.7- 10732 exp(+620/T) 298-473 (6.1-23)-10" Singleton et al., 1975 (e)
[N,]5.0- 1073 exp(+900/T) 285-425 (6.8-10)-10" Campbell and Handy, 1976° ()
[N,] 1.55-107*% exp(+1160/T) 217-500 (4.5-23)-10" Whytock, Michael, and Payne, 1976’ (g)
[He] 1.08- 10~ 3 exp(+520/T) 217-250 (1.2-77)-107 Michael, Payne, and Whytock, 1976% (h)
[Ne] 9.33-10" 33 exp(+515/T)
[Ar] 9.01-10733 exp(+590/T)
[Ar] 6.4-1073 300
[Kr] 9.52- 10732 exp(+570/T)
[Ar] 1.46- 10732 exp(+473/T) 298-439 (5.7-8.4)-10" Atkinson, Perry, and Pitts, 1977° (i)
[Ar] 7.04-10732 298
[Ar] 2.6- 10~ 3(1/2000) !4 1600-2200 (4.2-30)- 108 Endo, Glinzer, and Troe, 1979'° ()
[Ar] 4.2-10733(T/2000) ~'# 1600—1900
[Ar] 1.27-107 3 exp(+508/T) 240-360 Anderson and Stephens, 1979'! (k)
[N,]7.7-10732 298 (9.7-32)-10" Sugawara, Ishikawa, and Sato, 1980'2 )
[N,] 8.8-10732(T/300) '+ 200-370 (1.8-35)-10"7 Schieferstein, Kohse-Hoinghaus, (m)
and Stuhl, 1983"
[Ar] 6.7-1073%(T/300) 14! 300-1341 (2.2-97)-10" Yarwood et al., 1991 (n)
High Pressure Range
=4.0-10"" 1500 (9.0-1506) - 10"® (Ar) Troe, 1969! (a)
3.0-107 " 295 Hippler, Schippert, and Troe, 1975* (d)
5107 '(1/300) %4 200-300 Hippler et al., 1999" (0)
Reviews and Evaluations
ko[ Ar]=[Ar] 3.0- 10733 exp(+940/T) 220-500 Baulch et al., 1973 (p)
ko[N,]1=[N,]9.6-10"32 300
ko[ air]=[air] 9.0-1073%(T/300) ' 200-370 NASA, 19977 )
ko[N,]=[N,] 1.0-1073(7/300) ~ 200-300 IUPAC, 19978 (r)
k.,=3.0-10"'(1/300)"3 200-1500
F(N,)=exp(—T/1850) 200-300
Comments (c) O atoms generated by Hg sensitization of N,O. Analy-

sis carried out by the modulation-phase shift technique
monitoring the NO, afterglow emission at \
>450 nm.

Photolysis of NO, in presence of NO, [NO,] deter-
mined from absorption of photolyzing radiation.
k/k(O+NO,) measured and evaluated using k(O

(a) Shock wave study of the dissociation of NO,. [NO,]
monitored by absorption at 400 or 562 nm. Recombi-
nation rate coefficients obtained via equilibrium con- (d)
stant.

(b) O atoms generated by O, photolysis at 147 nm and

detected by the chemiluminescence generated follow-
ing the reaction O+NO.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

+NO0,)=9.3-10""2 cm® molecule ' s !. Relative ef-
ficiencies;



(e)

(@)
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()
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He:Ne:Ar:CO:N, :CO, :CH, : C,H¢ :c-C3Hg : C3Fy : SF¢
=2.1:1.7:3.0:3.3:2.7:5.0:5.3:4.5:5.3:6.2: 5.5, respec-
tively.

Modulated Hg photosensitized decomposition of N,O
used to generate O atoms. Rate coefficients obtained by
phase shift measurements of NO, chemiluminescene
monitored at 254 nm.

Measurements of air afterglow chemiluminescence in
N, carrier in a discharge flow stirred reactor.

Flash photolysis of NO at 142 nm with time resolved
detection of O atoms by resonance fluorescence.

O atoms generated by flash photolysis of NO at 142 nm
and detected by resonance fluorescence.

O atoms formed after flash photolysis of O, and de-
tected by the O+NO chemiluminescent reaction.
Thermal dissociation of NO, studied behind reflected
shock waves. [NO,]| decay followed by absorption at
405 nm. Theoretical analysis of weak collision effects
for several bath gases. Recombination rate coefficients
obtained via equilibrium constant.

O atoms formed by vacuum UV flash photolysis of NO
and detected by NO, chemiluminescence produced fol-
lowing the reaction O+ NO.

Pulse radiolysis of N, and NO mixtures; O atoms were
measured by resonance emission.

Laser flash photolysis of NO at 160 nm was employed
to generate O atoms. NO, formation detected by NO,
chemiluminescence. Relative efficiencies of M;
N, :He:NO:CH,=1.00:0.70:1.43:1.31, respectively.
Flash photolysis of NO over the range 300—1000 K; O
atoms monitored by resonance fluorescence. Between
915 K and 1341 K a flash photolysis-shock tube tech-
nique was employed in which O atoms were detected
by atomic resonance absorption spectroscopy. Colli-
sional efficiencies B,=0.29, 0.26, 0.18, and 0.16 were
derived at 300, 400, 1000, and 2000 K, respectively.
Laser flash photolysis study performed at 200, 300 and
400 K and at pressures between 2 and 200 bar N,. O
atoms generated by photolysis of N,O at 193 nm. NO,
monitored by absorption at 405 nm. Neglecting the ef-
fects of the onset of diffusion control at high pressures,
values of 4.7-107", 4.0-107'", and 3.6
107" cm® molecule ' s~! were obtained for k.. by
extrapolations at 200, 300, and 400 K, respectively.
The k.. values listed in the Table have been corrected
for diffusional effects.

Evaluation of literature data up to 1972. Recommenda-
tions based on the results of Clyne and Thrush,?® Kauf-
man and Kelso,2l Hartley and Thmsh,22 Klein and
Herron,23 Atkinson and Cvetanovic;24 relative efficien-
cies of M; O,:N,=1.0:1.4.

Recommendation based on the results of Schieferstein,
Kohse-Hoinghaus, and Stuhl' and their reanalysis of
the data of Whytock, Michael, and Payne.7
Recommendation based on the data from Whytock,
Michael, and Payne,7 Michael, Payne, and Whytock,8

819

Anderson and Stephens,11 Schieferstein, Kohse-

Hoinghaus, and Stuhl,"® and Yarwood et al.'*

Preferred Values

ky=9.2-10"2 7716 cm® molecule s~ ! for M=N, over
the range 200-2200 K.

ky=6.3-10"2 7716 cm® molecule 2 s~ ! for M= Ar over
the range 200-2200 K.

k.,=4.9-1071° 77% cm® molecule ' s™! over the range
200-2200 K.

F.=0.8 for M=N, over the range 200-2200 K.

F.=0.8 for M= Ar over the range 200-2200 K.

Reliability
A log ky==0.3 for M=N, over the range 200-2200 K.
A log ky==*0.3 for M= Ar over the range 200-2200 K.
Alogk,==*0.3 over the range 200-1000 K and *=0.5
over the range 1000-2200 K.
AF.==*0.2 for M=N, over the range 200-2200 K.
AF_,==*0.2 for M= Ar over the range 200-2200 K.

Comments on Preferred Values

Values for k, for M=N, have been obtained by combin-
ing the data from the IUPAC compilation'® with the mea-
surements of Endo, Glanzer, and Troe;]0 expressions for kg
for M=Ar are based on the measurements of Michael,
Payne, and Whytock,8 Atkinson, Perry, and Pitts,9 Anderson
and Stephens,11 Yarwood et al.,14 and Endo, Glanzer, and
Troe.'” The preferred value of k., and of F, are based on the
measurements of Hippler er al.'®> which are supported by the-
oretical work from Harding er al.'®

At high temperatures the reaction proceeds by the bimo-
lecular channel, O+ NO—O,+N, the data for which are
evaluated on the data sheet preceding the present one.
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0+N,0—NO+NO (1)

—0,+N, (2)

Thermodynamic Data

AHOzt)x(]): -

150.6 kJ mol ™!

AS%0s(1)=40.4TK™ ' mol™!
K(1)=5.9-10* 779883 exp(+17790/T)

AH®4g(2)=—331.2 kI mol !
AS%g(2)=15.7TK " mol ™!
K (2)=2.48-10° T~ 8% exp(+39540/T)

(300=T/K=<5000) (300=T/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ k)
k/cm® molecule ™! s™! T/K Reference Comments
Rate Coefficient Measurements
ki =ky=7.5-10"" exp(—12130/T) 1640-3100 Soloukhin, 1972! (a)
ky=5.1-10"" exp(—10971/T) 2380-4080 Monat, Hanson, and Kruger, 1979%3 (b)
1.42-107 % exp(—12350/T) 1680-2000 Sulzmann, Kline, and Penner, 1980* (c)
k1 =2.32.10" 0 exp(—15112/T) 1700-2500 Zaslonko et al., 1980° (d)
k;=4.8-10""" exp(— 11650/T) 1680-2430 Davidson ef al., 1992° (e)
k,=2.3-10" "2 exp(—5440/T) 1940-3340
3.2-107 " exp(—9686/T) 1075-1140 Fontijn et al., 2000 (f)
Branching Ratio Measurements
See Fig. 2 and Comments on Preferred Values.
Reviews and Evaluations
ki =ky=1.7-10""exp(—14100/T) 1200-2000 Baulch ef al., 1973% ()
k;=1.15-10""0 exp(—13400/T) 1200-4100 Hanson and Salimian, 1985° (h)
ky=1.7-10" 1" exp(— 14100/T)
k;=1.1-10""" exp(— 13400/T) 1200-3200 Tsang and Herron, 1991'° )
ky=1.7-10""" exp(— 14100/T)
ky=1.52-10" 0 exp(—13930/T) 1370-4080 Meagher and Anderson, 2000'! ()
ky=6.13-10" "2 exp(—8020/T) 1075-3340
Comments constants from the [N,O] and [NO] profiles. In the
(a) Shock tube study using incident and reflected shock second study, which was also atlmed at measuring the
. . . . rate constant for the reaction N,+O—NO+N,
waves in N,O/Ar mixtures. [ N,O] monitored by lumi- )
N,/0,/N,O/Kr mixtures were used. [NO] profiles
nescence at 4.5 um. k; =k, was assumed and [N,O] . L .
were determined by monitoring infrared emissions at
profiles were used to calculate values of the rate con- .
This is effectivel d o . . 5.3 um and by laser absorption at 5.3 um.
stants. This is effectively a determination of k (=k, (¢c) Reflected shock waves in N,O/Ar mixtures. [N,O]
+k2)'. o monitored by infrared emission at 4.52 um and [NO]
(b) The cited expression is based on results from two by UV absorption at 226 nm. As well as the expression

shock tube studies. In the first, incident shock waves in
mixtures of N,O and various diluent gases (Ar, Kr, N5,
0,) were used. [NO] and [N,0O] were monitored by
infrared emission at 5.3 um and 4.5 wm, respectively,
and a detailed kinetic model was used in deriving rate

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

for k, values of k/k, were obtained giving k/k,
=0.92 over the whole temperature range.

(d) Shock tube studies on N,O/CO/N,, He, or Ar mix-
tures. [N,0O] and [NO] monitored by UV absorption at
~240 nm and 214.4 nm, respectively. When CO was
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present, [O] was monitored using emissions at 405 nm
from the O+CO combination reaction. k;/k,
=5.4exp(—4030/T) was also derived.

(e) Shock tube study on N,O/Ar mixtures. [O,] and [NO]
monitored by laser absorption at 227.35 and 225.36
nm, respectively. In a later study from the same labo-
ratory Rohrig ef al.'* find that the expression for k,
does not give good agreement with their studies of
N, O decomposition and prefer to use the values of k
and k, recommended by Hanson and Salimian.’

(f)  Fast flow system used in which O atoms were gener-
ated by laser photolysis at 193 nm of SO, or by broad
band flash photolysis of SO, (through a Supracil win-
dow) or O, (through a quartz window). [O] was moni-
tored by resonance fluorescence at 130.2—130.6 nm in
the presence of a large excess of N,O. The carrier gas
was Argon at pressures in the range 130-500 mbar.
The effects of traces of H,O on the system were also
studied.

(g) Expression for k; based largely on the data of Feni-
more and Jones.'> Expression for k, based on data for
ky lky. 14717

(h) As well as data available for the evaluation of Baulch
et al® the subsequent data of Nip,'® Dove eral.,"
Monat,20 Dean and Steiner,21 and Sulzmann er al.* are
considered together with data on the reverse reaction.
Expression for k, of Baulch er al.® accepted but that for
k, modified slightly.

(i) The data available to Hanson and Salimian’® together
with the data of Hidaka er al.>* were reviewed. Data of
Hidaka et al.*? considered to be erroneously high. Rec-
ommendations of Hanson and Salimian’ accepted.

(j) Detailed review of the available data and previous
evaluations. The recommendations from this review are
the basis of our preferred values. See comments on
Preferred Values.

Preferred Values

k;=1.5-10""exp(—13930/T) cm® molecule 's™! over
the range 1000—4000 K.

k,=6.1-10" "2 exp(—8020/T) cm® molecule 's™!
the range 1000-2500 K.

over

Reliability

Alogky==0.2 at 2000 K, rising to =0.3 at 4000 K and
+0.4 at 1000 K.

Alogk,==0.2 at 2000 K, rising to =0.5 at 1000 K and
2500 K.

Comments on Preferred Values

The reaction of atomic oxygen with N,O is very slow at
ambient temperatures. Measurements of the rate
constant! 1316171927 are only available for temperatures
greater than 1000 K and the majority have been derived from
shock tube or flame studies.

All of the studies have used the pyrolysis of N,O as the O
atom source and, in one case,25 O3 was added to enhance and
vary the O atom concentration. In most cases [N,O] and
[NO] were monitored and values of k and/or k; derived.
Most of the information on k, comes from a knowledge of
either k or k; together with a measurement of k; /k,, usually
from a determination of the O, and N, yields. There have
been very few attempts to carry out time resolved studies of
O, production. Consequently the largest, and most consistent
bodies of data pertain to k; and k. All of the relevant studies
have been carefully and critically reviewed by Meagher and
Anderson.!! Meagher and Anderson'! show that the interpre-
tation in most of the early studies is inadequate because of
lack of reliable information on the secondary chemistry in-
volved and, where possible, they have remodeled many of
these systems using more recent rate data. We accept their
conclusion and cite in the Table the studies that their analy-
ses show to be the most reliable.

The data for k| are shown in the Arrhenius diagram, Fig 1.
Included there are values which have been derived from de-
terminations of k and k; /k, in the same study. The preferred
expression, also shown there, is that derived by Meagher and
Anderson.'" It is very similar to the expressions recom-
mended in a number of previous evaluations.®!°

In principle it should also be possible to derive values of
ky from thermodynamic data and values of k_;. However
data on the reverse reaction are limited and the errors limits
on the data are comparable with those on k;. Meagher and
Anderson'' have also critically assessed the available data
for k_; and conclude that the studies of Kaufman er al.,”®
McCullogh et al.,”” Koshi and Asaba,®® and Thielen and
Roth®' are the most reliable. These give an expression for
k_1 which, when combined with the thermodynamic data,
give values of k; agreeing to better than a factor of 2 with
those from the preferred expression. This is well within the
error limits of the expressions for k;, k_;, and K(1), and
gives strong support for the expression for k; derived from
the measured values.

Reliable information on k, is extremely sparse. The ex-
perimental data for k,/k, are displayed in Fig.
2,4-6.14-18.22.23.2627.32-3% The error limits on most of the stud-
ies are substantial, typically *20%, often greater, and the
scatter is large. Most of the experimental studies were inter-
preted satisfactorily on the basis of k;~k, over a wide tem-
perature range but Barton and Dove!* observed a tendency
for k, /k, to rise with increase in temperature and Zaslonko
et al.’ have given an expression for k;/k, which changes
very rapidly with temperature. Further, values of k,/k, de-
rived from the individual expressions for k; and k, obtained
by Davidson et al.,’ show a marked temperature dependence
and the values of k obtained by Fontijn ef al.” at ~1100 K,
when combined with the preferred expression for k;, gives
values of k; /k, of ~0.1. Meagher and Anderson'! have used
the data of Fontijn e al.” and Davidson et al.® to derive the
expression for k, cited in the Table. The expression so de-
rived implies that k; =k, at ~1850 K, in accord with the
general agreement among a number of studies in this tem-
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perature region, but that channel (2) becomes dominant at
low temperatures and channel (1) is the major channel at
high temperatures. We accept the expression of Meagher and
Anderson'! as the most reliable assessment of k, available
but it should be noted (i) some doubt has been cast on the
expression for k, obtained by Davidson e al.” (and hence
k,/k,) by work in the same laboratory by Rohrig et al.'?
[see Comment (e)]. (i) Dindi ef al.”’ were able to model
successfully the measured concentration profiles of CO,
N,O, CO,, N,, O,, and NO in their N,O/CO flames using
ky=k, over the temperature range 1000-2000 K. (iii) in a
low temperature (1245-1395 K) shock tube study of N,O
decomposition,?® values of k estimated from the measured
[O] atom profiles were much lower than could be explained
by the present, or previous, recommendations. Substantial
error limits are therefore assigned to the expression for &, at
the extremes of its range.
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O+NH—NO+H (1)

—OH+N (2

Thermodynamic Data
AH®qg(1)=—297.4 kI mol !
AS%0g(1)=—16.9 Jmol ' K™!
K.(1)=3.87-1072 T*"* exp(+35840/T)

AH®q(2)=—95.9 kJ mol ™!
AS%0g(2)=—5.3Tmol ' K™!
K(2)=0.904 T~97 exp(+11500/T)

(300=<T/K=<5000) (300=<T/K=<5000)
See Section 3 for the source of the Thermodynamic Data
Rate Coefficient Data (k= ky+ k)

k/cm® molecule™ ' s7! T/K Reference Comments
Rate Coefficient Measurements

1.5-1071° 2728-3379 Mertens et al., 1992! (a)

k,<1.66-10"13 298 Hack, Wagner, and Zasypkin, 19947 (b)

6.60-10" 1 295 Adamson ef al., 19943 (c)
Reviews and Evaluations

k;=5-10"" 200-2000 Cohen, and Westberg, 1991* (d)

k,=5-10"12

1.50-1071° 1000-3380 CEC, 1994° (e)

Comments Preferred Values

(a) Shock tube study of HNCO/N,O/Ar mixtures. [NH]
monitored with narrow linewidth laser absorption
at 336 nm. Concentration of OH determined by
absorption at 307 nm. Values of k obtained by fitting
[NH] profiles to a detailed kinetic mechanism.
The [NH] was sensitive to k but not to the branching
ratio.

(b) NH radicals were produced from the 248 nm pulsed
laser photolysis of N3H and quenched to the ground
state by collisions with Xe atoms. O atoms were pro-
duced by the reaction of N with NO where the N atoms
were formed from a microwave discharge in N,/He
mixtures. NH, OH, and NO were detected by pulsed
LIF. Reaction pressures ranged from 15 to 20 mbar.
The principal source of OH is from reaction of excited
NH with O. The upper limit was set from reactions in
the presence and absence of Xe.

(c) Pulsed laser photolysis at 193 nm of reaction mixtures:
(4-50.5)- 10~ mbar NH;, (2-42.6)- 102 mbar O,,
0.5-107° mbar CH, in (3-4.66)-10"3 mbar He.
NH,, NH, and OH transient absorption detected in the
IR using a tunable infrared color center laser. k deter-
mined by fitting [NH] profiles.

(d) Calculated value. Cohen and Westberg4 assume that the
N+OH channel is a metathesis reaction and, using the
calculations of Melius and Binkley® suggesting a very
small barrier, they recommend a characteristic exother-
mic O atom abstraction rate constant values.

(e) Accepts the value of Mertens ef al.!

k=1.8-10"""exp(—300/T) cm® molecule ' s~ ! over the
range 295-3500 K.
k,<1.7-107" cm® molecule ™' s~ ! at 298 K.

Reliability
A log k==*0.5 over the range 295-3500 K.

Comments on Preferred Values

The two measurements' of the rate constant for the over-
all process are compatible with a fast reaction between two
radical species and having a very small temperature coeffi-
cient. The preferred expression for k is based on these two
studies' but substantial error limits are assigned.

The major uncertainty is the branching ratio for the two
channels. In this respect the work of Hack ef al.? is particu-
larly pertinent. Their result establishes that at room tempera-
ture the OH producing channel is more than 400 times
slower than the overall process. Furthermore using the pre-
dicted rate constant of Cohen and Westberg® as the pre-
exponential factor we find a minimum barrier of about
8.5 kJmol ', which in turn means that even at 3000 K this
channel can make no more than a 3% contribution. In the
absence of more detailed experimental evidence we limit our
recommendations on the branching ratios to 298 K but it
seems likely that channel (1) will predominate over the
whole temperature range.
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O-+NH;—OH+NH,

Thermodynamic Data
AH®43=23.4kJ mol ™~/
AS°95=24.7 T K~ mol !
K.=6.47-10° T~%#6 exp(—3120/T)

(300<T7/K<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ! s~/ T/K Reference Comments
Rate Coefficient Measurements

3.4-107 " exp(—4529/T) 448841 Perry, 1984! (a)

1.07- 1070 exp(—5613/T) 7651790 Sutherland et al., 1990 (b)
Reviews and Evaluations

1.83-107 '8 72! exp(—2620/T) 298-2000 Cohen and Westberg, 1991° (c)

1.6- 10" " exp(—3670/T) 500-2500 CEC, 1992; 1994* (d)

Comments

(a) Pulsed laser photolysis of O,/NO/NH; mixtures at 157
nm and at total pressures of 100 mbar. [O] monitored
by time resolved chemiluminescence from the O +NO
reaction.

(b) Flash photolysis and shock tube study. O atoms gener-
ated from the vacuum UV photolysis of NO in the
presence of NH;. The N atoms also produced react
with NO to form another O. Corrections were made for
complications from the O +NO reaction. Total gas den-
sities were in the range 2—5 - 10'® molecules cm . [O]
monitored by resonance absorption. Mole fractions of
NH;, 1.5-10"* to 4.2-10~* and of NO from 11073 to
3-107°.

(c) Expression for k taken from a comprehensive evalua-
tion by Cohen® of previous experimental work. The
expression for k was based on the experimental results
of Perry! and transition state theory calculations.

(d) Accepts the conclusion of Cohen’ that the results of
Perry! are likely to be the most reliable but the expres-
sion suggested for k also takes into account other stud-
ies.

Preferred Values

k=2.7-10""7 T8 exp(—3250/T) cm’ molecule /s’
over the range 300-2000 K.

Reliability
A log k=+0.2 at 300 K increasing to =0.3 at 2000 K.

Comments on Preferred Values
Studies up to 198726717 were very carefully evaluated by

Cohen® and subsequently reviewed by Cohen and Westberg.*

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

They considered only the results of Perry! to be reliable.
That conclusion is accepted. Since then Sutherland er al.’
have studied the reaction over a wide temperature range ob-
taining results which agree well with those of Perry.!

The preferred expression for k is essentially that derived
by Sutherland et al.® from their own results and those of
Perry! but modified slightly to accommodate some of the
older high temperature measurements.
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O+CN—CO+N(*s) (1)

—CO+N(D) (2

Thermodynamic Data

AHCq5(1)=—322.4 k] mol ™! AH%g(2)=—923 kI mol~!
AS%gs(1)=—12.87 T K~ mol ™! AS%0g(2)=—9.51TK "mol ™!
K(1)=0.624T~ %150 exp(+38710/T) K(2)=0.935T" %1% exp(+11034/T)
(300<T/K<5000) (300<T/K<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= k;+ k)
k/cm® molecule™ ! s ! T/K Reference Comments
Rate Coefficient Measurements
2.0-107 " 298 Schacke, Schmatjko, and Wolfrum, 1973! (a)
2.0-107 " 298-387 Albers et al., 19752 (b)
1.7-107 1 298 Schmatjko and Wolfrum, 19783 (c)
1.8-107 " 295 Schmatjko and Wolfrum, 1978* (d)
3.0-10° 1 2000 Louge and Hanson, 1984° (e)
1.03- 10~ ' exp(1000/T) 2510-3510 Lindackers, Burmeister, and Roth, 1990° G}
1.28-1071° 30004500 Davidson et al., 19917 ()
3.68-107 1 298 Titarchuk and Halpern, 19958 (h)
Branching Ratios
ko, 1k=0.80 298 Schmatjko and Wolfrum, 19783 (c)
ko 1k=0.85 295 Schmatjko and Wolfrum, 1978* (d)
Reviews and Evaluations
k;=34-10""7 298 IUPAC, 1989° 0]
k,=14-10""
3.4-10" " exp(—210/T) 295-2000 Tsang, 1992'° 0)
1.7-107 1 300-5000 CEC, 1992; 1994!! (k)
Comments (g) Shock tube study on the pyrolysis of dilute mixtures of
. . . . N,O (200 ppm) and (CN), (10 ppm) in Ar at pressures
(a) Discharge flow-flash photolysis study in which CN 20 (200 ppm) (CN); (10 ppm) P

(b)

(©)

(d)
()

(f)

radicals were produced by flash photolysis of C,N, and
reacted with atomic oxygen from a discharge in a
He/O, mixture. [CN] was monitored by time resolved
absorption spectroscopy at 421 nm. Vibrational excita-
tion of the CN up to »=6 had no effect on k.
Discharge flow-flash photolysis study; CN and O atom
production as in (a). [CN] was monitored by time re-
solved absorption spectroscopy at 388.3 nm.
Discharge flow-flash photolysis study; CN and O atom
production as in (a). [CO(v)] monitored by time re-
solved resonance absorption spectroscopy using a CO
laser. Branching ratios obtained from the bimodal vi-
brational distribution observed.

Technique as in (c) but N(*P), N(°D), and N(*S) also
monitored.

Shock tube study on (CN),/O,/Ar mixtures. [CN]
monitored by time resolved absorption at 388 nm. Val-
ues of k derived by computer simulation of [CN] pro-
files using a detailed mechanism.

Shock tube study on (CN), /CO, /Ar mixtures. [O] and
[N] monitored by time resolved ARAS. Values of k
obtained by computer simulation of the later stages of
the reaction using a detailed mechanism.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

in the range 0.45-0.90 bar. [CN] monitored by time
resolved cw laser absorption at 388.44 nm.
Photolysis study using Br CN as the source of CN radi-
cals. Mixtures of SO, /BrCN or N,O/BrCN were pho-
tolyzed at 193 nm with the relative [CN] being moni-
tored by LIF using 388 nm excitation. Values of k were
obtained from the variation of the [CN] rate of decay
with input energy.

(i)  Value for k based on an earlier evaluation by Baulch
et al.'? and branching ratio taken from Schmatjko and
Wolfrum.?

(j)  Based on the study of Louge and Hanson.

(k) Based on Refs. 1-5 and the studies of Shaub and
Bauer'® and of Boden and Thrush.'*

(h)

5

Preferred Values

k=5-10""exp(—200/T) cm® molecule”'s™! over the
range 295-4500 K.

Reliability
A log k==*0.5 over the range 295-4500 K.
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Comments on Preferred Values

The experimental measurements of cover a wide
temperature range but are badly scattered reflecting the dif-
ficulty of generating and calibrating the concentrations of
these two very labile reactants simultaneously. Within the
substantial uncertainties the data suggest a relatively small
temperature dependence. The preferred expression reflects
this and is chosen to be compatible with the data cited in the
Table.

Measurements of the branching ratio suggest that ~80%
of the overall reaction proceeds through Channel (2) but until
more definitive measurements are available no recommenda-
tions are made.

Cobos'® has carried out theoretical calculations on Chan-
nel (2) using the statistical adiabatic channel model. To es-
tablish absolute values for k, the results are fitted to the
results of Schmatjko and Wolfrum?® at 298 K and a number of
values of k, calculated over the range 300-5000 K which
can be fitted to the expression k,=3.2-10"1
X exp(—394/T) cm® molecule ' s~!. This predicts a rather
larger temperature dependence for the N(°D) forming chan-
nel than we propose for the overall rate constant but it ex-
trap0£ates well to the high temperature data of Davidson
et al.

k1—8,13—17
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(1972).

18C. J. Cobos, React. Kinet. Catal. Lett. 57, 43 (1996).
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O+ CN - CO + N(‘s) n
- CO+N(*D) (2)

T/IK
1000 500 300

9 T T T
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log(k / cm® molecule ' s )
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0+NCO—NO+CO (1)
—~0,+CN (2

Thermodynamic Data
AH®q5(1)=—396.4 kJ mol !
AS%0g(1)=15.0TK ' mol™!
K.(1)=8.02-10° T~ "9 exp(+47320/T)

AH®4(2)=59.3 kJ mol !
AS%0g(2)=145TK ' mol™!
K(2)=1.05-10° T~ %783 exp(—7390/T)

(300=<T/K=<5000) (300=<T/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= k;+ k)
k/cm® molecule ! ™! T/K Reference Comments
Rate Coefficient Measurements
9.34-1071 1450 Louge and Hanson, 1984! (a)
5.25-1071 1680-2250 Higashihara, Saito, and Murakami, 19852 (b)
7.83-107 1 2180-3070 Mertens et al., 1992° (c)
Reviews and Evaluations
ky=7.5-10""" 1000-2000 Tsang, 19924 (d)
ky=1.4-10"° T~ exp(—3501/T)
7-107 1 1450-2600 CEC,1992; 1994° (e)

Comments

(a) Shock tube study on C,N,/0,/N,O mixtures. [NCO]
monitored by time resolved absorption spectroscopy at
440.5 nm.

(b) Shock tube study on BrCN/O,/Ar mixtures. [NO]
monitored by time resolved infrared emission spectros-
copy.

(c) Shock tube study on HNCO/N,O/Ar mixtures at 1.1
bar. [NCO] monitored at 440.479 nm by time resolved
absorption spectroscopy using a cw ring dye laser. Ab-
sorption coefficient of NCO at this wavelength deter-
mined in the same study.

(d) Based on the data of Louge and Hanson' and Higashi-
hara et al.”

(e) Evaluation of accumulated work to 1991. The rate con-
stant for Channel (2) was calculated from the data on
the reverse reaction. Channel (2) was shown to be un-
important.

Preferred Values

k;=7.2-10""" cm® molecule ' s ™!

3100 K.
ky=1.2-10"8 779783 exp(—7390/T) cm® molecule ' s!
over the range 290-4500 K.

over the range 1450—

Reliability
Alog ky==0.3 over the range 1450-3100 K.
Alog k,==0.5 over the range 290-4500 K.

Comments on Preferred Values
The only study since our previous evaluations® gives a
value of k in good agreement with our previous

recommendations.’ There have been a number of studies at
temperatures above 1500 K,'73%=% all of which are based on
measurements requiring substantial modeling to derive val-
ues of k, and which show considerable scatter. The preferred
value is based on the most direct of the studies,lf3 which are
cited in the Table. Becker ez al.'” have studied the reaction at
lower temperatures (302—757 K) by pulsed laser photolysis
of CINCO/Ar mixtures at total pressures of a few mbar in the
presence of an excess of O atoms produced by a discharge in
O, /Ar mixtures, and with [NCO] monitored by LIF at 438.6
nm. They obtain, k=4.3-10"% 77 "1% cm? molecule ! s~
which when extrapolated gives values of k£ an order of mag-
nitude smaller than the high temperature measurements.
However Becker et al.'® also find that at 300 K the rate con-
stant is pressure dependent which may, in large part, explain
the apparent discrepancy between the low and high tempera-
ture results. Clearly more studies are desirable to clarify the
pressure and temperature dependence of k.

There are no measurements of the branching ratio. NO,
which is observed as a major product, has been used to
monitor the progress of the reaction in a number of the stud-
ies and it is usually assumed that Channel (1) predominates
over the whole of the temperature range. Tsang’s estimate of
k, based on the data on the reverse reaction, supports this.*
We therefore identify measurements of k with k; and we
follow Tsang in deriving the expression for k, based on
k(CN+O,) together with more recent thermodynamic data
which makes Channel (2) even less competitive than indi-
cated by Tsang.4

References

M. Y. Louge and R. K. Hanson, 20th Symp. (Int.) Combustion, 1984,
p. 665.
2T, Higashihara, K. Saito, and I. Murakami, Combust. Flame 61, 167
(1985).
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3J. D. Mertens, A. J. Dean, R. K. Hanson, and C. T. Bowman, 24th Symp.
(Int.) Combustion, 1992, p. 701.

4w, Tsang, J. Phys. Chem. Ref. Data 21, 753 (1992).

SCEC, 1992; Supplement I, 1994 (see references in Introduction).

J. N. Mulvihill and L. F. Phillips, 15th Symp. (Int.) Combustion, 1975,
p. 1113.

L. E. Phillips, Combust., Flame 26, 379 (1976).

8 A. Lifshitz and M. Frenklach, Int. J. Chem. Kinet. 12, 159 (1980).

°T. Higashihara, K. Saito, and I. Murakami, J. Phys. Chem. 87, 3702
(1983).

10K . H. Becker, R. Kurtenbach, F. Schmidt, and P. Wiesen, Combust. Flame
120, 570 (2000).

O+HCN—CO+NH (1)
—~NCO+H (2)
—OH+CN (3)

Thermodynamic Data
AH®qg(1)=—138.4 kJ mol !
AS%0g(1)=15.9Tmol ' K™!
K.(1)=1.58-10° T~% exp(+16310/T)

H%ugg(2)=—39.4 kJ mol !
AS%0g(2)=—16.0 Jmol ' K™!
K(2)=17.60-1073 TO4%* exp(+4830/T)

(300<T/K<5000) (300<T7/K<5000)
AH®5(3)=88.4 kI mol !
AS%05(3)=23.5Tmol ' K™!
K.(3)=229-10° T~ %% exp(—10900/T)
(300=<T/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ ko+ k3)
k/cm® molecule™ ! s~ T/K Reference Comments
Rate Coefficient Measurements
8.6- 10~ 2 exp(—4090/T) 450-650 Davies and Thrush, 1968' (a)
1.94- 10710 exp(—7460/T) 1800-2500 Roth, Lohr, and Hermanns, 1980° (b)
ky=1.21-10"Yexp(—7460/T)
9.8-10~ 12 exp(—4000/T) 574-840 Perry and Melius, 1985° (c)
k,=83-10"1 1440 Louge and Hanson, 1985* (d)
k,=3.7- 1071 exp(—7740/T) 1800-2600 Szekeley, Hanson, and Bowman, 1985° (e)
k3<8.3-107 " exp(—11000/T) 2000-2500
Reviews and Evaluations
k;=9-10716 712 exp(—3850/T) 500-2500 Tsang and Herron, 1991° (f)
ky=3.3-107"0 T'47 exp(—3800/T)
ky=4.5-10"1 T"38 exp(—13400/T)
2.3-107 '8 72! exp(—3075/T) 450-2500 CEC,1992; 19947 ()
1-107 " exp(—4000/T) 200-300 NASA, 19978 (h)

(a)

(b)

(©)

Comments

Discharge flow study. O atoms generated by the N
+NO reaction and [O] monitored by NO+ O chemilu-
minescence. Stoichiometry of 2.0+0.4 for O removal
interpreted as due to O+ HCN—NCO+H, O+NCO
—NO+ CO but the possibility of contributions from
other channels recognized.

Shock tube study HCN/N,O/Ar mixtures. [H] and [O]
monitored by absorption at 121.6 nm and 130.5 nm,
respectively.

Pulsed laser photolysis of O,, NO, or N,O at 157 nm
to produce O atoms in the presence of a large excess of
HCN. [O] monitored by O+NO chemiluminescence at
514.5 nm and [NCO] monitored by laser induced fluo-

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

(d)

rescence at 416.81 nm. [NCO] measurements suggest
Channel (2) to be a major route over the temperature
range studied. Theoretical calculations suggest the fol-
lowing: k;=9.0-10716 T'2! exp(—3800/T)
cm’ molecule ™ 's7 !, k,=3.3- 10716 7147
X exp(—3850/T) cm? molecule ™ 's™ !, ky=4.5
21071 7138 exp(—13300/T) cm® molecule™'s™!, and
k=9.8-10" "2 exp(—4000/T) cm® molecule 's™! over
the range 540-900 K.

Shock tube study on HCN/O,/N,O/Ar mixtures.
[NCO] monitored by time-resolved laser absorption at
440.479 nm. k, /k(O+NCO)=2.4 obtained from com-
puter fit of [NCO] profiles. k(O+NCO)=7.47
107 2 exp(—4440/T) cm® molecule™'s™! used® to
obtain k,.
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(e)  Shock tube study on HCN/N,O/Ar mixtures. [CN] and
[NH] monitored by time-resolved absorption at 388 nm
and 336 nm, respectively. [CN] and [NH] profiles fitted
using a detailed mechanism (37 reactions).

(f)  Accepts the analysis of Perry and Melius.?

(g) Based on the data in Refs. 1-5.

(h) Based on the low temperature data of Davies and
Thrush! and of Perry and Melius.?

Preferred Values

k=2.3-10"18 72! exp(—3075/T) cm?® molecule ™ !s™!
over the range 450-2500 K.

Reliability
Alogk==0.2 at 450 K rising to 0.3 at 2500 K.

Comments on Preferred Values

There have been no new experimental studies since our
previous evaluations’ and the Preferred Values are un-
changed.

The overall rate constant is reasonably well defined over a
wide temperature range, all of the experimental studies'™
being in good agreement. The preferred expression for k is
based on all of them.

Experimental work and theoretical calculations™'® are in

agreement that Channel (2) predominates over the whole
temperature range with Channel (3) being negligible at low
temperatures but becoming significant at high temperatures.
There are insufficient experimental data to make recommen-
dations for the branching ratios but the theoretically derived
values of Perry and Melius® [Comment (c)] agree well with
the little available experimental data and probably offer the
best available guide to the relative values of k;, k,, and k5.
They have also been recommended by Tsang and Herron® in
their evaluation of the data on this reaction.

References

'P. B Davies and B. A. Thrush, Trans. Faraday Soc. 64, 1836 (1968).

2P, Roth, R. Lohr, and H. D. Hermanns, Ber Bunsenges. Phys. Chem. 84,
835 (1980).

3R. A. Perry and C. F. Melius, 20th Symp. (Int.) Combustion, 1985, p. 639.

4M. Y. Louge and R. K. Hanson, 20th Symp. (Int.) Combustion, 1985,
p. 605.

S A. Szekely, R. K. Hanson, and C. T. Bowman, 20th Symp. (Int.) Combus-
tion, 1985, p. 647.

oW, Tsang and J. T. Herron, J. Phys. Chem. Ref. Data 20, 609 (1991).

"CEC, 1992; Supplement I, 1994 (see references in Introduction).
8NASA, Evaluation No. 12 (see references in Introduction).

M. Y. Louge and R. K. Hanson, Int. J. Chem. Kinet. 16, 231 (1984).

107. A. Miller, C. Parrish, and N. J. Brown, J. Phys. Chem. 90, 3339 (1986).
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O +HCN - CO + NH (1)
—~NCO+H (2)
> OH+CN (3)
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2000 1000 500

10 T T T j

O--O Davies and Thrush 1968
=& Rothetal 1980 (k, + k, + k)

-4 Roth et al 1980 (k)

® Perry and Melius 1985
o Louge and Hanson 1985 (k,)

T Szekely et al 1985 (k,)
n v Szekely ef al 1985 (k,)

AN — This Evaluation (k, + k, + k;)

log(k / cm® molecule ' s ')

14 -

16 L

1087 /K

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005



EVALUATED KINETIC DATA FOR COMBUSTION MODELING 835

O+HNCO — OH+NCO (1)

Thermodynamic Data
AH®q5(1)=30.93 kJ mol ™!
AS®0g(1)=16.07 TK™ ! mol ™!
K(1)=49.3T792%% exp(—3865/T)

(300=<T/K=<4000)

AH®q(3)=—137.0 kJ mol '

AS%05(3)=6.25TK ! mol™!

K.(3)=6.17-10° T~ exp(+16130/T)
(300<T/K<4000)

See Section 3 for the source of the Thermodynamic Data.

—CO,+NH (2)
— CO+HNO (3)

AH%gg(2)=—170.1 kJ mol !

AS%g(2)=—17.0T K ! mol !

K (2)=6.35T0%3 exp(+20320/T)
(300=<T/K=<4000)

Rate Coefficient Data (k= ky+ ky+ k)

k/cm?® molecule™ " 57! T/K

Reference Comments

Rate Coefficient Measurements
4.4-107 2 exp(—5183/T)
ky=1.1-10"%7 T*% exp(890/T)
ky=3.2-10710 T703% exp(—6550/T)
ky=3.2-10"" exp(—7150/T)
ky=2.3-10"""exp(—10300/T)

679-741
1480-3200

2120-3190
Reviews and Evaluations

ky;=3.7-10""18 T2 exp(—5750/T)
ky=1.6-10""* T'* exp(—4290/T)

295-2500

Tully et al., 1988' (a)
He et al., 1991? (b)

Mertens ef al., 19923 (c)

Tsang, 1992* (d)

Comments

(a) Pulsed laser photolysis at 157 nm of NO/O, /HNCO/Ar
mixtures or of NO/N,O/HNCO/Ar mixtures at 193 nm.
Pressures were in the range 65-265 mbar. [O] moni-
tored by time resolved chemiluminescence from the
O+ NO reaction. Expression for k based on measure-
ments at only two temperatures.

(b)  Shock tube study on HNCO/NO/Ar mixtures at a total
pressure of ~0.4 bar. [NO], [CO], and [H,O] moni-
tored by time resolved laser absorption. Values of rate
constants obtained by computer simulation of the de-
tected species concentration profiles using a detailed
mechanism. The authors’ own data and those of
Mertens ef al.' were combined to give the expressions
quoted. They also carried out a transition state theory
calculation, using frequencies computed by the BAC-
MP4 method, to derive expressions for k; , k,, and k5.

(c)  Shock tube study on HNCO/N,O/Ar mixtures at total
pressures in the range 0.25-1.1 bar. [NH] and [OH]
monitored by laser absorption at 336 nm and 307 nm,
respectively. Values of rate constants obtained by com-
puter simulation of [NH] and [OH] profiles using a
detailed mechanism.

(d) Accepts the expressions derived by He et al.> using
transition state theory.

Preferred Values

k;=3.7-10"18 72" exp(—5750/T) cm? molecule ! s~
over the range 500—-3000 K.

ky=1.6-10"1 T4 exp(—4290/T) cm’ molecule ™ 's™!
over the range 500—-3000 K.

Reliability
Alog k;==0.3 over the range 500-3000 K.
Alog k,==*0.3 over the range 500-3000 K.

Comments on Preferred Values

The expressions derived by He e al.? [Comment (b)] and
recommended by Tsang” are consistent with all of the avail-
able data for this reaction and are accepted as our preferred
expressions for k, and k, . A similar calculation by He er al.?
for the very minor third channel [Channel (3)], for which
there are no experimental data, gives k3;=2.5
210710 7157 exp(—22150/T) cm® molecule! s~

References

'E P Tully, R. A. Perry, L. R. Thorne, and M. D. Allendorf, 22nd Symp.
(Int.) Combustion, 1988, p. 1101.

2Y. He, M. C. Lin, C. H. Wu, and C. E. Melius, 24th Symp. (Int.) Com-
bustion, 1992, p. 711.

3], D. Mertens, A. Y. Chang, R. K. Hanson, and C. T. Bowman, Int. J.
Chem. Kinet. 24, 279 (1992).

“W. Tsang, J. Phys. Chem. Ref. Data 21, 753 (1992).
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O+CH—CO+H 1)
— OH+C )
— CHO*+e~ (3)
Thermodynamic Data
AH®qg(1)=—738.1 kJ mol™!

AS%gs(1)=—31.83 T K~ mol ™!
K(1)=6.20-1072 T~ %140 exp(+88700/T)

AHqgy(2)=—91.8 kI mol ™!
AS%g5(2)=—229TK ! mol ™!
K(2)=6.98T7%3% exp(+10880/T)

(300<T/K<5000) (300<T/K<5000)
AH%gg(3)=—12.6 kI mol !
AS%05(3)=—119.8 TK~ ! mol ™!
K(3)=4.16-107"3 72020 exp(+2290/T)
(300<T/K<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ kp+ k)
k/cm® molecule™ ! s~ ! T/K Reference Comments
Rate Coefficient Measurements
k;=2.8-10"1 2000-2400 Peeters and Vinckier, 1975' (a)
k3;=9.5-10" 13 exp(—3020/T) 1700-2100 Matsui and Nomaguchi, 19782 (b)
ky=2.4-10"" 295 Vinckier, 1979° (c)
k;=9.4-10"1" 298 Messing et al., 1980* (d)
k;=33-10"" 298 Homann and Schweinfurth, 1981° (e)
1 =(1.7-2.5)-1071° 1500-2500 Frank, Bhaskaran, and Just, 1988° (f)
Reviews and Evaluations
k;=6.6-10"" 300-2000 CEC, 1992; 19947 ()
ky=4.2-10""13 exp(—850/T) 300-2500

(a)

(b)

(©

(d)

(e)

Comments

Flat flames of CH, and/or C,H, at pressures of 22 and
53 mbar; concentration profiles of several species de-
termined by molecular beam sampling and mass
spectrometry. Saturation ion currents measured and rate
of ion generation found to be proportional to
[CH]-[O].

Premixed CH,/air flames; OH*, CH* emissions and
CO+ O chemiluminescence measured. NO, NO,, CO,
and CO, were determined by microprobe sampling and
[OH] was obtained by ultraviolet (UV) absorption.
Fast flow discharge system used to study reaction of O
atoms with C,H,. [C,H,], [O], [O,], and [CH] moni-
tored by molecular beam sampling and mass spectrom-
etry. Saturation current measured.

IR multiphoton decomposition of CH;OH in the pres-
ence of an excess of O at total pressures of 6.6—13
mbar (bath gas, Ar). [CH] monitored by laser induced
fluorescence (LIF).

Reaction of O and H atoms with C,H, in a discharge
flow system studied at pressures of 1.4—8 mbar. For-
mation of C3H,, C4H,, and CH,O monitored by mass
spectrometry. Computer modeling of reaction used to
derive rate constant.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

(f)  Shock tube study on highly dilute C,H, /N,O/Ar mix-
tures. [H], [O], and [CO] determined by resonance ab-
sorption spectroscopy.

(g) See Comments on Preferred Values.

Preferred Values

k;=6.6-10"'" cm? molecule ! s™! over the range 295—
2000 K.

ky=4.2-10" B exp(—850/T) cm?® molecule s~ ! over the
range 295-2500 K.

Reliability
Alog k;==0.5 over the range 295-2000 K.
Alog k3==0.5 over the range 295-2500 K.

Comments on Preferred Values

The preferred value for k; is the mean of the values de-
termined at 298 K by Messing ef al.* and Homann and
Schweinfurth® which differ by a factor of 3. The value of the
rate constant is large and only a small temperature coefficient
is expected, as indicated by the values of k; obtained by
Frank et al.® at 1500-2500 K, which are only a factor of 3-4
larger than the preferred value at 298 K.
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The preferred Arrhenius expression for k5 is based on the
high temperature results of Peeters and Vinckier' and at low
temperatures, the value at 295 K of Vinckier.® The absolute
values of k5 obtained by Matsui and Nomaguchi” are in good
agreement with those from the preferred expression despite
the very different Arrhenius parameters which they obtain.

Murrell and Rodriquez® have carried out ab initio calcula-
tions on the reaction and obtain k;=1.0-10""Yexp
(—914/T) cm® molecule” 's™! for the range 1600-6000 K
which is consistent with the present recommendations. How-
ever, these authors also report a rate expression for the
C+OH  channel of  k,=2.52-10""exp(—2380/T)
cm’ molecule ' s™! which gives a larger k, at combustion
temperatures than k;, the rate constant of the CHO" +e~

channel. There are no measured values for k, and in the
absence of experimental data we make no recommendation.

References

'J. Peeters and C. Vinckier, 15th Symp. (Int.) Combustion, 1975, p. 969.

2Y. Matsui and T. Nomaguchi, Jpn. J. Appl. Phys. 18, 181 (1978).

3C. Vinckier, J. Phys. Chem. 83, 1234 (1979).

4 Messing, I. Carrington, S. V. Filseth, and C. M. Sadowski, Chem. Phys.
Lett. 74, 56 (1980).

SK. H. Homann and H. Schweinfurth, Ber. Bunsenges. Phys. Chem. 85,
569 (1981).

®P. Frank, K. A. Bhaskaran, and Th. Just, 21st Symp. (Int.) Combustion,
1988, p. 885.

TCEC, 1992; Supplement I, 1994 (see references in Introduction).

8J. N. Murrell and J. A. Rodriquez, J. Mol. Struct. (Theochem.) 139, 267
(1986).
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O+CH-H+CO (1)
—->OH+C (2)
—-CHO +e (3)
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O+3CH,— CO+H+H (1)

—CO+H, (2

Thermodynamic Data

AHOz()x( =-
AS%0(1)=70.79 T K~ mol ™!
K (1)=1.12-10% T~ %99 exp(+37860/T) molecule cm ™3

314.2 kJ mol ™!

AH5(2)=—750.1kJ mol ™!
AS%9g(2)=—27.81 TK™ ' mol™!
K(2)=0.184T "2 exp(+90050/T)

(300<T7/K=5000) (300=<T7/K=5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ k)
k/cm?® molecule™ ! s™! T/K Reference Comments
Rate Coefficient Measurements
1.3-10710 290-600 Vinckier and Debruyn, 1978,' 19792 (a)
g-10~ 1 298 Homann and Schweinfurth, 1981° (b)
1.4-10710 296 Bohland, Temps, and Wagner, 1984* (c)
ki=2- 1071 1500-2500 Frank, Bhaskaran, and Just, 1987° (d)
k,=1-10"1°
Reviews and Evaluations
1.9-107 1 298 Tsang and Hampson, 1986° (e)
1.3.1071° 300-2000 Herron, 19887 (f)
2-1071° 300-2500 CEC, 1992; 19948 ()
ky /k=0.6
Comments Ref. 1 which, it was argued, gave a value of k(*CH,
3 .
(a) Discharge flow study of O+C,H, with molecular +0)/k("CH, + C,H,). The analysis was dependent on

(b)

(©)

(d)

(e)

beam sampling and mass spectrometric analysis. Rate
coefficient determined from the approach of the
[3CH,] signal to its steady state value.! The tempera-
ture dependence, corresponding to an ‘‘activation en-
ergy” of (—0.4+0.8) kJmol ™!, was determined from
the steady state concentrations of *CH, and is based on
an activation energy of (13+0.8) kJmol™! for O
+C,H,, close to the effective value recommended in
this evaluation.

Discharge flow study of product formation in the
C,H,/O/H system. Formation of C4H,, C3H,, and
CH,0O monitored by mass spectrometry. A number of
other stable products and intermediates were detected.
Rate coefficient based largely on the C;H, formation
rate. Product profiles modeled using a 27 step reaction
mechanism.

Discharge flow study using [*CH,]~(0.6—1.4)
10" em™? and [O’P],/[*CH,],=2-20. 3CH, radi-
cals were generated either by reaction of O atoms with
CH,CO or by 193 nm laser photolysis of CH,CO.
[O’P] and [*CH,] were monitored by laser magnetic
resonance (LMR). Secondary reactions of *CH, (e.g.,
with the wall, O,, H, 3CH2) were carefully assessed.
Study using reflected shock waves in N,O/C,H,/Ar
mixtures. [CO], [H], and [O] detected by resonance
absorption. Values of k were obtained from numerical
fits to a 14 reaction mechanism.

Based on an evaluation by Laufer’ of the data from

a much larger value for k(*CH,+ C,H,) than is now
accepted and k is consequently too small.

(f) Based on the studies of Vinckier and Debruyn,'
Bohland ef al.,® and Frank and Just.'”

(g) Based on the measurements of Refs. 1-4. NB, there
were two typographical errors in the table in our CEC
1992% evaluation with the rate coefficients of Vinckier
and Debruyn' and of Bohland er al.® being given val-
ues that are a factor of 10 too small.

Preferred Values

k=3.4-10""%exp(—270/T) cm® molecule™' s~ over the
range 290-2500 K.
k,/k=0.6 over the range 290-2500 K.

Reliability
Alog k==*0.2 at 290 K, rising to *=0.3 at 2500 K.
A(k,/k)=*0.3 over the range 290-2500 K.

Comments on Preferred Values

The room temperature rate coefficient is based on the
study of Bohland e al.* which is direct and is considered to
be the most reliable. It is supported by the determinations in
Refs. 1-3. A weakly positive T dependence has been
adopted to reproduce the high temperature values of k& ob-
tained by Frank er al.’ The rate constant ratio is based pri-
marily on the study of Frank eral.,’ although Tsang and
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Hampson® have suggested k;/k~0.5 based on the vibra-
tional energy distribution in the product CO."" Both channels
are highly exothermic and a constant rate coefficient ratio
over the temperature range is reasonable.
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O0+CH;— HCHO+H (1)

HCO+H, (2

— CO+H,+H (3)

—OH+CH, (4

Thermodynamic Data
AH®qgg(1)=—286.6 kJ mol !
AS%g(1)=—21.65TK "mol !
K.(1)=1.43-10"2 T2 exp(+34634/T)

(300<T/K<5000)

AH®q4(3)=—288.1 kJ mol !
AS%05(3)=87.7T K™ ! mol™!
K(3)=6.30-10% T~ %90 exp(+34420/T) molecule cm™>

AH®qg(2)=—352.5kJ mol !

AS%g(2)=—0.10J K ' mol !

K (2)="17.98T"2% exp(+42200/T)
(300<T7/K<5000)

AH g5(4)=32.0 kJ mol !
AS%05(4)=23.61 JK~ ! mol ™!
K (4)=9.43-10% T~ exp(—4130/T)

(300<T/K<5000) (300=<T/K=<5000)
See Section 3 for the source of the Thermodynamic Data
Rate Coefficient Data (k= ky+ k+ k3+ kj)
k/cm® molecule ™ 's™! T/K Reference Comments
Rate Coefficient Measurements
1.3-10710 1700-2300 Bhaskaran, Franck, and Just, 1979' (a)
1.14-1071° 295 Plumb and Ryan, 1982% (b)
1.4-1071° 294-900 Slagle, Sarzynski, and Gutman, 1987° (c)
1.1-1071° 298 Zellner et al., 1988* (d)
1.3-1071° 300 Oser et al., 1991° (e)
0.94-1071° 298 Seakins and Leone, 1992° (f)
1.4-10710 1609-2002 Lim and Michael, 19937 ()
1.7-1071° 298 Fockenberg et al., 1999* (h)
Branching Ratios
ky/k>0.85 300 Niki, Daby, and Weinstock, 1968° (1)
ko 1k<0.2 300 Hoyermann and Sievert, 1979'° ()
k3 /k=0.4%0.2 298 Seakins and Leone, 1992° ()
k3 /k=0.17+0.11 298 Fockenberg et al., 1999° (h)
k3 /k=0.18+0.04 298 Preses et al., 2000'! (k)
Reviews and Evaluations
1.4-10710 300-2500 CEC, 1992; 19942 (1)
1.1.1071° 259-341 NASA, 19973 (m)
1.4-10710 290-900 IUPAC, 1999™ (n)
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(a)

(b)

(c)

(d)

(e)

(f)

(2)

(h)

EVALUATED KINETIC DATA FOR COMBUSTION MODELING

Comments

Shock-tube decomposition of C,Hg/O, mixtures with
direct determination of [H] and [O] by atomic reso-
nance absorption spectrometry. Rate coefficient derived
from a computer simulation of [H] and [O] profiles.
Flow discharge with mass spectrometric detection of O
and CH;. k determined from decay of [CH;] with
[O]>[CH;].

Flow system with generation of CH; and O(*P) from
the simultaneous in situ photolyses of CH;COCH; and
SO, and determination of [ CH;] and [O] by photoion-
ization mass spectrometry. Experiments were per-
formed under conditions such that [ O]/[ CH3]>20 and
the rate coefficients were determined from the decay of
[CH;]. k found to be independent of pressure over the
range 1.3—15 mbar and its value was confirmed by
measurement of the rate of formation of HCHO. CHO
and CH, were not detected as products and Channel (1)
was assumed therefore to be the only important chan-
nel but the analytical system could not detect CO or
H,.

Laser photolysis at 193 nm of flowing mixtures of
N, /N,O/(CH;N), to generate O(°P) and CH;. k was
derived from the rate of formation of HCHO deter-
mined by LIF under conditions where [O]>[CHj;].
Mass balance estimates indicated that Channel (1) was
predominant.

Discharge flow study using He/O, mixtures with gen-
eration of CH; from F+ CH, reaction at pressures of
0.25-1.00 mbar. k was derived from the decay of
[ CH;] under conditions where [ O]/[ CH;]> 10.
Pulsed laser cophotolysis at 193 nm of SO, and ac-
etone (or CH;I) mixtures was used to produce O atoms
and CH; radicals simultaneously in the presence of Ar,
He, or N, buffer gases. Time-resolved Fourier trans-
form infrared (FTIR) emission spectroscopy was used
to monitor products. The value of k was derived from
the growth in [HCHO]. A number of tests were carried
out to check that CO was a direct product of the reac-
tion.

Pyrolysis/photolysis shock-tube system with decompo-
sition of CH5Cl in Ar followed by photolysis of SO, . k
determined from a computer simulation of O-atom pro-
files measured by resonance absorption.

Pulsed laser cophotolysis at 193 nm of SO, and
(CH3),CO or CH;Br at a total pressure of 0.13 mbar
[CO], [HCHO], and [ CH;] were monitored by time-of-
flight mass spectrometry under conditions of O in large
excess over CH;3. Values of k were determined from
both the decay in [ CH;] and growth in [HCHO] agreed
to within 20%. The yield of CO was determined rela-
tive to that of HCHO which was, in turn, related to the
yield of CHj radicals.

Discharge flow-mass spectrometric study of the O
+ C,H, reaction, with O+ CH; observed as a second-
ary reaction.

841

(j)  Flow system with CH; generated from the F+ CH, re-
action and O by means of a microwave discharge.
Electron impact mass spectrometric analysis of CHO
and HCHO. No evidence found for Channel (4).

(k)  Pulsed laser cophotolysis at 193 nm of mixtures of SO,
and (CH;),CO in Ar at a total pressure of ~7 mbar.
[CO] was determined by infrared diode laser absorp-
tion at ~2077 cm~'. The yields of O and CH; were
calculated using the UV absorption coefficients of
(CHj3),CO and SO, . Isotopic labeling was used to dis-
tinguish the CO produced by acetone photolysis from
that from O+ CH;.

() Based an data of Slagle er al.®

(m) k& at 298 K is the weighted average of the measure-
ments of Washida and Bayes,15 Washida,16 and Plumb
and Ryan,” and E/R is based on the results of Washida
and Bayes.'

(n) Mean of the results of Plumb and Ryan,2 Slagle et al.?
Zellner et al.,4 Oser et al.,5 and Seakins and Leone.®

Preferred Values

k=1.4-10"'° ¢cm® molecule ' s7!

2500 K.
ki/k=0.8; k3/k=0.2 at 298 K.

over the range 294-—

Reliability
Alog k==0.1 over the range 294-2500 K.
Ak, /k)y=A(k3/k)==*0.1 at 298 K.

Comments on Preferred Values

The recommended value of k is the mean of the results of
Bhaskaran et al.,1 Plumb and Ryan,2 Slagle et al.,3 Zellner
et al.,* Oser et al.,> Seakins and Leone,® Lim and Michael,’
and Fockenberg er al.® which are in agreement within their
quoted error limits of *=(20% —30%).

There is general agreement that Channel (1) is the pre-
dominant pathway. There is evidence that Channels (2) and
(4) do not contribute to any extent®'® and a number of
studies®®11'17 suggest that CO is another primary product. A
time-resolved FTIR study of the CO (v=1) emissions to-
gether with a theoretical investigation of the reaction mecha-
nism by Marcy ez al.'® suggests that the CO arises from dis-
sociation of HCO produced by H, elimination from highly
vibrationally excited methoxy radicals. Measurements of the
branching ratio, k5 /k, by Seakins and Leone® can only just
be reconciled with those of Fockenberg er al.® and Preses
et al.'! at the extremes of their quoted error limits. The pre-
ferred branching ratios are based largely on the results of
Preses et al.'' and Fockenberg er al.® but substantial error
limits are assigned. There is no direct information on the
temperature dependence of the branching ratio but Slagle
et al.? find Channel (1) predominant up to 600 K, it appears
to remain important in the high temperature studies,"” and
the theoretical study of Marcy ef al.'® predicts little tempera-
ture dependence of the branching ratio.
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Thermodynamic Data
AH®qgs=9.25kJ mol ™!
AS%95=30.58 TK~ ! mol ™!
K.=9.5-10% T~ 3% exp(—1510/T)

(300=< T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! s ! T/K Reference Comments

Rate Coefficient Measurements
2.6-107 1% exp(—4000/T) 17502575 Dean and Kistiakowski, 1971' (a)
3.2-107 "% exp(—5900/T) 1200-2000 Brabbs and Brokaw, 1975 (b)
6.8-107 10 exp(—7030/T) 1500-2250 Roth and Just, 1977° (c)
2.63- 10718 7236 exp(—3730/T) 420-1670 Felder and Fontijn, 1979* (d)
2.01- 107 "0 exp(—5435/T) 474-1156 Klemm et al., 1981° (e)
9.2-107 " 724 exp(—2838/T) 763-1755 Sutherland, Michael, and Klemm, 1986° ()
1.12- 107 exp(—7750/T) 1365-1840 Ohmori et al., 19927 ()
4.70-107 1% exp(—6507/T) 980-1520 Miyoshi et al., 1994 (h)

Reviews and Evaluations
1.15-10715 T exp(—4270/T) 400-2250 Sutherland, Michael, and Klemm, 1986° (f)
8.1-107 '8 722 exp(—3820/T) 298-2500 Cohen and Westberg, 1991° 6)
1.15-10715 7156 exp(—4270/T) 300-2500 CEC, 1992; 199410 0)

Comments

(a) Shock tube study on CO/O,/CH,/Ar mixtures. CO
and CO, infrared emissions at 4.02 and 5.03 um be-
hind incident shocks were monitored. Values of k were
derived by computer fitting of the temporal [ CO,] pro-
file using a detailed mechanism.

(b) Technique as in (d) but reaction progress monitored by
detection of the CO flame band emissions. Values of k
derived using a simplified mechanism and an analytical
fitting procedure.

(¢) Shock tube study on N,O/CH,/Ar mixtures. The [O]
was monitored behind reflected shocks by ARAS at
130.5 nm. Values of k were derived by computer fitting
of the temporal [O] profile using a simplified mecha-
nism.

(d) Flash photolysis of slowly flowing CH,/O, (or

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

CO,)/N, mixtures using a Xenon flash lamp (A
=147 nm). The [O] was monitored by resonance fluo-
rescence at 130.5 nm (or at low temperatures by NO
+ O chemiluminescence) in the presence of large ex-
cess of CHy.

(e) A flash photolysis technique similar to that described in
(g) was used over the range 474-520 K. Over the
range 548—1156 K the reaction was studied using a
discharge flow technique in which O atoms were gen-
erated by a discharge in O,/He mixtures and the [O]
monitored by resonance fluorescence.

(f)  Flash photolysis-shock tube technique applied to
He/NO/CH, mixtures. O atoms were produced by flash
photolysis of NO (A > 145 nm) behind reflected shocks
and monitored by resonance absorption at 130.4 nm.
Very pure CH,; was used and checks were made by
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computer simulation for the effects of secondary reac-
tions. The results of previous studies were evaluated
and a number of expressions for k were derived and
checked. The finally recommended expression is
adopted as our preferred expression. Similar experi-
ments and results are described by Sutherland and
Klemm."!

(g) Flash photolysis-shock tube technique applied to
Ar/CH, /O, mixtures. O atoms were produced by
pulsed laser photolysis of the O, at 193 nm behind
reflected shock waves and both [O] and [H] were moni-
tored by ARAS at 130.6 and 121.6 nm, respectively.
Computer simulations were used in extracting values of
k from the [O] temporal profile and in checking the
effects of secondary chemistry.

(h) A flash photolysis-shock tube technique was applied to
Ar/SO, (or NO)/CH, mixtures. O atoms were pro-
duced by pulsed laser photolysis of the SO, or NO at
193 nm behind reflected shock waves and [O] was
monitored by ARAS at 130.6 nm. Computer simula-
tions were used in extracting values of k from the [O]
temporal profile and in checking the effects of second-
ary chemistry. Results reported here supersede those
reported previously in a similar study.'?

(i) Based on a Transition State Theory calculation and se-
lected experimental data.'®

(i)  Accepts the expression derived by Sutherland et al.®

Preferred Values

k=17.3-10"" T3 exp(—3310/T) cm® molecule™ ' s~!
over the range 400-2500 K.

Reliability
Alogk==*0.3 over the temperature range 600-2500 K,
rising to 0.5 at 400 K.

Comments on Preferred Values

The preferred expressions for k are based on the studies
cited in the table. The rate constant for the reaction is well
defined at temperatures above 1000 K with only the study of
Dean and Kistikowsky' giving slightly high values. Further
support comes from the shock tube study of Hidaka er al.'*
on CH, pyrolysis and oxidation in the range 1350-2400 K.
In going to lower temperatures there is considerable scatter
and none of the data at temperatures below 400 K'5~2* are
considered reliable. Cohen® has analyzed in detail a number
of the low temperature studies'>~'® and has shown that they
have underestimated the effects of the secondary chemistry
removing O atoms, leading to measured values of k that are

too high. This is reflected in our preferred expression, which
is limited to temperatures above 400 K, and extrapolation of
which predicts lower values than the experimental data at
lower temperatures. In the intermediate range (400—1000 K)
the studies of Felder and Fontijn* and of Klemm er al.’ are
considered the most reliable. The other studies either give
rather high values of k**?*% or there are doubts about the
stoichiometry factors used in deriving the values of k.!>~1826

The expression derived by Cohen and Westberg® is in
good agreement with our preferred expression at high tem-
peratures but gives values lower by a factor of ~2 at 400 K.
Corchado er al.?’ have calculated values of k using ab initio
methods and variational transition state theory with allow-
ance for tunneling and obtain an expression which gives val-
ues of k some 30%—-40% lower than our preferred expres-
sion throughout the recommended temperature range.
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O+HCO— OH+CO (1)

—CO,+H (2)

Thermodynamic Data

AH®qg(1)=—365.7 kI mol !
AS%0g(1)=4.11TK™ " mol™!
K (1)=21.1T" ¥ exp(+43740/T)

AHqg(2)=—467.82 kI mol™!
AS%05(2)=—57.05T K™ mol™!
K(2)=9.96-10"°% 7082 exp(+56500/T)

(300=T/K=5000) (300=T/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= k+ k)

k/cm?® molecule™ ! s™! T/K Reference Comments
Rate Coefficient Measurements

ky=5-10""" 1000-1700 Browne et al., 1969! (a)

2.1-10710 297 Martinez, Washida, and Bayes, 1974 (b)
Branching Ratios

ki /k=0.8 300 Niki, Daby, and Weinstock, 1969° (c)

ky 1k =0.73 298 Westenberg and de Haas, 1972* (d)

ko lk=0.46 300 Mack and Thrush, 1973° (e)

ki /k=0.4 425 Campbell and Handy, 1978° ()
Reviews and Evaluations

k;=5-10"" 300-2000 Tsang and Hampson, 1986’ (2)

k,=5-10"""

1-1071° 3002000 Herron, 1988° (h)

k;=5-10"" 300-2500 CEC, 1992; 1994° ()

ky,=5-10""

Comments Preferred Values

(a) Profiles of species in rich and lean acetylene/O, flames k;=5-10"" cm® molecule 's™! over the range 300—

(b)

(c)

(d)

(e)

(f)

(2)
(h)

determined by optical absorption measurements (OH,
CH, and C,) and stable products by GC (H,, Ar, O,)
and mass spectrometry (C,H,, O,, Ar, CO, CO,,
H,0). Fitting of the [CO] profile sensitive to reactions
of HCO.

Discharge flow study of the reactions of O atoms with
HCHO and C,H,. [H] and [O] monitored by ESR and
products (CO, CO,) analyzed by gas chromatography
(GO).

Discharge flow study of the O+ C,H, reaction with
time of flight mass spectrometric detection of C,H,, H,
HCHO, and the final products, H, and CO, under con-
ditions of an excess of O.

Discharge flow study of the reaction O+HCHO. [O]
monitored by electron spin resonance (ESR) and
[CO,] by mass spectrometry.

Discharge flow study of the reaction O+C,H,. [CHO]
monitored by photoionization mass spectrometry. k de-
rived from the rate of approach of [CHO] to the steady
state.

Stirred flow reactor study of the O/H, /N, (or Ar) sys-
tem with various amounts of added CO. [O] monitored
by CO+ O chemiluminescence.

See Comments on Preferred Values.

Recommends the value suggested by Warnatz.'’

2500 K.
ky=5-10"" cm® molecule ™ 's~
2500 K.

' over the range 300—

Reliability
Alog k;==0.3 over the range 300-2500 K.
A log k,==*0.3 over the range 300-2500 K.

Comments on Preferred Values

There are no direct measurements of k. All of the studies
have been made on systems in which O+ HCO is a second-
ary reaction. The results obtained suggest that the value of
the rate constant is large (~ 107" cm® molecule ™' s 1) with
a small temperature coefficient and with both reaction chan-
nels making comparable contributions to the overall k. The
preferred values are identical to those suggested by Tsang
and Hampson.’
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(1974).
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1969, p. 277.

4A. A. Westenberg and N. de Haas, J. Phys. Chem. 76, 2215 (1972).

3G. P. R. Mack and B. A. Thrush, J. Chem. Soc. Faraday Trans. I 69, 208
(1972).

1. M. Campbell and B. J. Handy, J. Chem. Soc. Faraday Trans. I 74, 316
(1978).

"W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087
(1984).

8J. T. Herron, J. Phys. Chem. Ref. Data 17, 967 (1988).

l’CEC, 1992; Supplement I, 1994 (see references in Introduction).

107, Warnatz, in Combustion Chemistry, edited by W. C. Gardiner, Jr.

(Springer, New York, 1984).

O+HCHO — OH+HCO

Thermodynamic Data
AH®g5=—60.4 kJ mol ™!
AS%0s=28.25T K™ mol™!
K.=1.2-10° T~ %% exp(+6900/T)

(300=T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule™ ' s7! T/K Reference Comments
Rate Coefficient Measurements
8.3-10~ ' exp(—2300/T) 1875-2240 Bowman, 1975' (a)
2.8-10" " exp(— 1525/T) 250-498 Klemm, 19792 (b)
3.8-10" " exp(—1583/T) 296-437 Chang and Barker, 1979° (c)
3.0- 107" exp(—1554/T) 208-748 Klemm et al., 1979* (d)
Reviews and Evaluations
6.9-107 13 707 exp(—1390/T) 250-2200 CEC, 1992; 1994° (e)

Comments

(a) CH4/O,/Ar mixtures investigated in incident shock
waves. k determined by computer fitting.
(b)  Flash photolysis; resonance fluorescence detection of O

atoms.

(c) Discharge flow; mass spectrometric detection of O at-
oms.

(d) Discharge flow; resonance fluorescence detection of O
atoms.

(e) Based on high temperature data of Bowman' and low
temperature data cited on this sheet.

Preferred Values

k=6.9-10""1 797 exp(—1390/T) cm’ molecule ' s~
over the range 250-2200 K.

Reliability
Alogk==0.1 at 250 K, rising to =0.3 at 2200 K.

Comments on Preferred Values

The preferred values, which are unchanged from the pre-
vious CEC evaluations,” are based on the high temperature
determination of Bowman' and the low temperature data of

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

Klemm and co-workers>* and of Chang and Barker.’ The
earlier room temperature measurements of Niki er al..® Her-
ron and Penzhorn,” and Mack and Thrush® are in good agree-
ment with this expression. Other indirect determinations
from high temperature flame studies’™!! and the shock tube
study of Izod et al.,12 are considered unreliable, although
more recent flame work'® gives k values consistent with the
preferred expression.

References
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R. B. Klemm, J. Chem. Phys. 71, 1987 (1979).

3J. S. Chang and J. R. Barker, J. Phys. Chem. 83, 3059 (1979).

4R. B. Klemm, E. G. Skolnik, and J. V. Michael, J. Chem. Phys. 72, 1256
(1980).

SCEC, 1992; Supplement 1, 1994 (see references in Introduction).

®H. Niki, E. E. Daby, and B. Weinstock, J. Chem. Phys. 48, 5729 (1968).

J. T. Herron and R. D. Penzhorn, J. Phys. Chem. 73, 191 (1969).

8G. P. R. Mack and B. A. Thrush, J. Chem. Soc. Faraday Trans. I 69, 208
(1973).

°J. Peeters and G. Mahnen, 14th Symp. (Int) Combustion, 1973, p. 133.

107, Oldenhove de Guertechin, J. Vandooren, and P. J. Van Tiggelen, Bull.
Soc. Chim. Belg. 92, 663 (1983).

13, Vandooren, L. Oldenhove de Guertechin, and P. J. Van Tiggelen, Com-
bust. Flame 64, 127 (1986).

2p J. Izod, G. B. Kistiakowsky, and S. Matsuda, J. Chem. Phys. 55, 4425
(1971).
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M

— OH+HCHO (2)

Thermodynamic Data
AH®05(1)=—120.0 kJ mol "’
AS°5(1)=8.66 T K~/ mol~/
K (1)=3.97-10° T~%7% exp(+ 14170/T)

AH®595(2)=—337.9 kI mol
AS°y05(2)=12.1 T K~ mol ™’
K (2)=3.89-10° T~%%7" exp(+40240/T)

(200=<T/K=6000) (300=<T7/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k=k; +k,)

k/ecm’® molecule ™/ s~/ T/K Reference Comments
Rate Coefficient Measurements

2.5-10° 1 298 Ewig, Rhisa, and Zellner, 1987 (a)
Branching Ratios

ko lk=0.12 2908 Ewig, Rhasa, and Zellner, 1987' (a)

ki /k=0.65 298 Heinermann-Fiedler and Hoyermann, 1988> (b)
Reviews and Evaluations

2.5-107" 300-1000 CEC, 1992; 1994 (c)

Comments A(ky 1k)="07 at 298 K.

(a) Laser photolysis of CH;ONO/O;/N, mixtures at 248

nm. CH;O detected by LIF in excess O. OH product
detected by LIF.

(b) Discharge flow system with molecular beam sampling
into time-of-flight mass spectrometer. CH; yield from
CH;O loss measured directly in presence of excess O.

(c) Based on data of Ewig ef al.!

Preferred Values

k=2.5-10""" cm’ molecule ’s™ over the range 298—
1000 K.
ko /k=0.25 at 298 K.

Reliability
Alogk==*+0.3 at 298 K, rising to =0.7 at 1000 K.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

Comments on Preferred Values

The recommended value is based on the single experimen-
tal measurement’ at 298 K with an assumed zero temperature
dependence. The two estimates of the branching ratio'* are
in reasonable agreement and the recommended value at 298
K is a mean of the two determinations.

References

'F. Ewig, D. D. Rhasa, and R. Zellner, Ber. Bunsenges. Phys. Chem. 91,
708 (1987).

2P. Heinemann-Fiedler and K. Hoyermann, Ber. Bunsenges. Phys. Chem.
92, 1472 (1988).

3CEC, 1992; Supplement I, 1994 (see references in Introduction).



EVALUATED KINETIC DATA FOR COMBUSTION MODELING 849

O+CH;0H—OH+CH,OH (1)

Thermodynamic Data
AH®05(1)=—28.4 kI mol !
AS4(1)=26.78 TK~ mol ™’
K (1)=3.58-10° T~%%% exp(+3020/T)

— OH+CH;0 (2)

AH?®544(2)=6.63 k] mol
AS°y5(2)=12.25TK ' mol ™’
K (2)=3.64T"" exp(—930/T)

(300<T/K=<5000) (300=<T/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k=k; +k,)

k/cm?’ molecule ™ s/ T/K Reference Comments
Rate Coefficient Measurements

5.65- 10~ exp(—2750/T) 300-1006 Grotheer and Just, 1981' (a)

1.63- 107 exp(—2267/T) 297-544 Failes et al., 1982* (b)

2.70- 107 exp(—2532/T) 298-998 Keil et al., 1987 (c)
Reviews and Evaluations

6.5-1071 T2 exp(—1550/T) 300-1100 Tsang, 1987* (d)

k >k,

Comments

(a) Fast-flow discharge system with O atoms produced by
titration of N atoms with NO. [O], [ CH;0H/, and the
concentration of the products H,CO, H,O, H,, and O,
were monitored by molecular beam sampling into a
TOF mass spectrometer. Values of k were derived by
modeling and fitting the concentration profiles.

(b) Modulated photolysis—phase shift technique used. O
atoms generated by modulated Hg photosensitized pho-
tolysis of N,O at 253.7 nm. [O] monitored by NO,
chemiluminescence from O+NO reaction. Computer
modeling used to correct for secondary reactions of O
atoms.

(c) Fast-flow discharge (298-998 K) and flash photolysis
(329-527 K) with resonance fluorescence detection of
O atoms used in both cases. Methanol was in large
excess. O atoms were produced by photolysis of O, in
the flash photolysis experiments, and in the flow sys-
tem by a discharge through O,, or by titration of N
atoms with NO. O, was added to suppress secondary
chemistry caused by CH,OH production. Possible het-
erogeneous decomposition on the walls of the flow
tube was detected at temperatures above ~450 K.
Good agreement of results from the two techniques
was obtained.

(d) BEBO calculation carried out and activation energy ad-
justed to fit the results from Refs. 1-3 in the range
300-750 K.

Preferred Values

k=4.1-10"" exp(—2670/T) cm’® molecule ™’ s~/ over the
range 350—-1000 K.

Reliability
Alog k==*+0.2 over the range 350-1000 K.

Comments on Preferred Values

The preferred values are based on the data in Refs. 1-3
which are in good agreement over the range 350—1000 K.
There are a number of other studies’® which are not used in
this evaluation. Those of Basevich ef al.’> and Lalo and
Vermeil® give very high values of k. Those of Owens and
Roscoe’ and of Le Fevre er al.® give low activation energies
and also slightly high values of k, possibly due to the diffi-
culties in determining the stoichiometry factor in the dis-
charge flow technique which they used.

All of the studies extend to lower temperatures but below
350 K they show increasing disagreement and no recommen-
dations are made for the low temperature regime. The scatter
on the data over the whole temperature range is such that any
curvature on the Arrhenius plot is uncertain and the preferred
expression for k contains no 7" dependence.

There is no experimental information on the channel
branching ratios. Since the mechanism for both channels is
likely to be direct hydrogen abstraction, Channel (1) is prob-
ably preferred under all conditions as it is the more exother-
mic and it involves three available hydrogens.

References

"H. H. Grotheer and Th. Just, Chem. Phys. Lett. 78, 71 (1981).

’R. L. Failes, D. L. Singleton, G. Paraskevopoulos, and R. S. Irwin, Int. J.
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Chem. Phys. 75, 2693 (1987).

4W. Tsang, J. Phys. Chem. Ref. Data. 16, 471 (1987).

V. Ya Basevich, S. M. Kogarko, and G. A. Furman, Bull. Acad. Sci. USSR
24, 948 (1975).

C. Lalo and C. Vermeil, J. Chim. Phys. 27, 131 (1980).

7C. M. Owens and J. M. Roscoe, Can. J. Chem. 54, 984 (1970).

8H. F. Le Fevre, J. F. Meagher, and R. B. Timmons, Int. J. Chem. Kinet. 4,
103 (1972).
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0+CH;00H — OH+CH,00 (1)

Thermodynamic Data
AH®505(1)=—65.0 kI mol /
AS4(1)=20.37 T K~ mol ™
K (1)=1.70-10° T~%%% exp(+7660/T)

— OH+CH,00H (2)

AH 4(2)=—28.4kJ mol ™’
AS°4(2)=26.76 T K~ mol ™’
K(2)=1.14-10° T~%'%7 exp(+3140/T)

(300=T/K=5000) (300=T/K=5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k=k; +k,)

k/cm? molecule s~/ T/K Reference Comments
Rate Coefficient Measurements

1.06-107 1 297 Vaghjiani and Ravishankara, 1990! (a)
Reviews and Evaluations

3.3-107 " exp(—2390/T) 300-1000 CEC, 19942 (b)

Comments

(a) Pulsed photolysis of O; at 532 nm in presence of ex-
cess CH;00H; O(°P) monitored by resonance fluores-
cence.

(b) Based on the data of Vaghjiani and Ravishankara' (see
Comments on Preferred Values).

Preferred Values

k=4.1-10""exp(—2460/T) over the range 297—1000 K.

Reliability
Alogk==0.3 at 297 K, rising to =0.5 at 1000 K.

Comments on Preferred Values

The room temperature data of Vaghjiani and

Ravishankara,' are the only reported experimental values of
the rate constant for the O(*P)+CH;OO0H reaction. The pre-
ferred temperature dependence is obtained assuming an A
factor for this reaction equal to that for O+CH;0H (this
evaluation).

Comparison with the rate coefficient for the reaction:
0+H,0,—-0OH+HO, (1.7X10™" cm’molecule s~/ at
298 K) indicates that abstraction of the peroxide H atom is
slower, suggesting that Channel (2) is dominant.

References

'G. L. Vaghjiani and A. R. Ravishankara, Int. J. Chem. Kinet. 22, 351
(1990).
2CEC, Supplement I, 1994 (see references in Introduction).
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O +C,H—Products

Rate Coefficient Data

k/cm’ molecule ' s/ T/K Reference Comments
Rate Coefficient Measurements
2.4-107 " exp(—1585/T) 1400-2600 Shaub and Bauer, 1978' (a)
~1.7-1071 298 Homann and Schweinfurth, 19812 (b)
~12-10712 298 Grebe and Homann, 19823 (c)
9.9-107 " 600 Boullart ef al., 1996* (d)
1.8-107 " 295 Devriendt et al., 1996° (e)
2.4-10" " exp(—230/T) 290-925 Devriendt and Peeters, 1997° (f)
Reviews and Evaluations
3.0-107 1 300-2500 Tsang and Hampson, 1986’ ()
1.7-107 300-2500 CEC, 1992; 19948 (h)

Comments

(a)  Shock tube study on C,H,/0,/Ar mixtures; final prod-
uct concentrations measured by gas chromatography.
Values of k determined by modeling assumed reaction
mechanism of 17 reactions and fitting of product
yields.

(b) Discharge flow study on the C,H,/0O system with and
without added H. [C;H,J, [C,H,/, and [ CH,O] moni-
tored by mass spectrometry. k obtained by fitting of
yields to a reaction mechanism of 27 reactions. Fit rela-
tively insensitive to k.

(c) Discharge flow study on the C,H,/O/H system.
CH(A’A-X"II) and Cy(d’Il,~A°Il,) chemilumines-
cence monitored at 431.4 and 516.5 nm, respectively,
and the quasi-continuous C,H* emissions. Kinetics
analyzed by modeling of a detailed reaction mecha-
nism.

(d) Discharge flow study on the C,H,/O/H system at 2.6
mbar total pressure of He. Molecular beam sampling
mass spectrometry used to monitor relative concentra-
tions of CH, C,H, C;H, and C;H, and absolute concen-
trations of C,H,, O, and H. From [C;H,///C,H] and
[C;HJ/[C,H], measured as a function of [C,H,//[O],
the ratio k/{k(C,H+C,H,)+k(C,H+0,)[0,]/[C,H,]}
is obtained. Value of k derived using values of refer-
ence rate constants from the present evaluation.

(e) The measured rate constant is for the channel forming
CH(A?A). C,H and O were generated by co-photolysis
of C,H, and N,0 by 193 nm excimer laser pulses in the
presence of a large excess of N,. Time resolved inten-
sity of the CH(A?A—X?II) luminescence was moni-
tored and calibrated using the known photon yield of
the NO+0 +M—NO,* +M reaction.

(f)  Discharge flow study of the C,H,/O/H system. [O] and
[C,H]  determined by  mass  spectrometry;
CH(A ?-X ?I1) chemiluminescence monitored and used
to derive k values. The measured rate constant is for
the channel forming CH(A %A).

(g2) Based on analogy with O+C,H; and O+C,H; reac-
tions.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

(h) Based on the data of Homann and Schweinfurth.

Preferred Values

k=9.9-10"'"" cm’ molecule ' s~ over the range 290—
2500 K.

Reliability
Alogk==*0.5 over the range 290-2500 K.

Comments on Preferred Values

Prior to the studies of Boullart et al.,4 Devriendt et al.,5
and Devriendt and Peeters® the only available data on this
reaction came from studies on systems in which the condi-
tions were such that they were not very sensitive to the
C,H+0 reaction.!™ These studies gave only approximate
values of k and little weight is given to them in assigning our
preferred values. The only reasonably reliable measurement
of the overall rate constant is that of Boullart ef al.* at 600 K.
The value obtained is close to collisional and only a very
small temperature coefficient is to be expected. We therefore
accept this value over a wide temperature range assigning
substantial error limits until further studies are available.

The only reaction channel that has been positively identi-
fied is that leading to CH in its A 2A state from which
it undergoes a transition to the CH(X II) ground electronic
state with emission of radiation in the 430 nm region. Other
likely channels are those leading to CH(X’ILX’S",
ora’A)+CO and C,0+H. The values of the rate constant
for the CH(A >A) forming channel determined by Devriendt
et al.’ and Devriendt and Peeters® are in good agreement,
and taken with the value of k determined by Boullart et al. ,4
indicate a yield of 0.2-0.4 for the CH(A ?A).
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0+C,H,—CO+3CH, (1)

— CHCO+H (2)

Thermodynamic Data
AH®q(1)=—197.5kJ mol !
AS®5(1)=30.47 K" mol ™!

K (1)=1.03-10° T~ 147! exp(+23210/T)

AHg5(2)=—84.09 kJ mol !
AS%95(2)=—2.09 T K~ ! mol ™!
K(2)=2.02- T "% exp(+9961/T)

(300=<T/K=5000) (300=<T/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= k;+ k)
k/cm® molecule™! s7! T/K Reference Comments
Rate Coefficient Measurements
3.3-10" " exp(—1641/T) 230-450 Westenberg and de Haas, 1969" (a)
2.0- 107" exp(—1510/T) 243-673 Hoyermann, Wagner, and Wolfrum, 1969° (b)
2.4-10" " exp(—1590/T) 273-729 James and Glass, 1969° (c)
k;=2.0-10"""exp(—3300/T) 1500-2570 Lohr and Roth, 19814 (d)
ky=7.2-10"""exp(—6100/T)
3.0-107 " exp(—1620/T) 298-608 Aleksandrov, Arutyunov, and Kozlov, 1981° (e)
2.7-10" " exp(—1550/T) 295-1330 Homann and Wellman, 1983° (f)
k;=2.7-10""0exp(—4980/T) 1500-2500 Frank, Bhaskaran, and Just, 1986’ ()
k,=6.6-10"""exp(—5365/T)
1.1-107 1 726 exp(—330/T) 290-1510 Mahmud and Fontijn, 1987% (h)
6.5-10" " exp(— 1900/T) 370-876 Russell ef al., 1988° (i)
1.78- 10~ 1% exp(—2710/T) 850—1950 Michael and Wagner, 1990'° ()
2.3-107 " exp(—1530/T) 200-284 Bohn and Stuhl, 1990 (k)
Branching Ratios (k, /k)
0.35 1500 Lohr and Roth, 19814 (d)
0.55 2570
0.5 exp(—660/T) 298-608 Aleksandrov, Arutyunov, and Kozlov, 1981° (e)
0.5 1000 Homann and Wellman, 1983'2 1)
0.6 287,535 Peeters, Schaekers, and Vinckier, 1986 (m)
0.80 9001200 Michael and Wagner, 1990 ()
0.85 285 Boullart and Peeters, 1992 (n)
0.83 290 Peeters, Boullart, and Langhans, 199415 (0)
Reviews and Evaluations
1.2-107 17 T2 exp(—786/T) 300-2500 CEC, 1994'® (p)
ko Ik=0.7
3.0 10~ " exp(—1600/T) 200-300 NASA, 19977 (q)

Comments

(a) Discharge flow study with [O] monitored by ESR. Sto-
ichiometry of 2 O atoms removed for each C,H, mol-
ecule reacted established by ESR/mass spectrometry
experiments.

(b) Discharge flow study. O(*°P) monitored by ESR and
mass spectrometry used to detect H, C,H,, CO and
minor hydrocarbon products.

(c) Discharge flow study. Reaction progress followed by
monitoring CH(*?A — X 2II) chemiluminescence.

(d) Shock wave study using reflected shock waves in
N,O/C,H, /Ar mixtures. [O] and [H] monitored by
ARAS. Early stages of the reaction could be modeled
with a simple reaction scheme to give the tabulated
expressions for k; and k,.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

(e) Discharge flow study with O generated from N,O. H
and O detected by resonance fluorescence with abso-
lute calibration via equilibrium concentrations of H and
O in H, and O, at 1300-1500 K. k determined from
decay of the O signal; k, /k obtained from the absolute
H signal.

(f) Discharge flow study on O/C,H, mixtures in He carrier
with nozzle beam sampling and mass spectrometric de-
tection. O atoms were prepared by a discharge in O, or
by the N+ NO reaction. k values were determined un-
der conditions of a large excess of C,H,.

(2) Reflected shock wave study of N,O/C,H, /Ar mixtures
at 1.5-2 bar. O, H, and CO detected by resonance ab-
sorption. Profiles analyzed using a 14 reaction scheme,
reduced from a 48 reaction scheme. Conditions were
carefully chosen to ensure sensitivity of the profiles to
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both channels (1) and (2). Channel (2) was essential if
the overall shape of the [H] profile was to be repro-
duced.

Flash photolysis study in which O was generated from
the photolysis of O, or CO,. [O] was monitored by
resonance fluorescence under conditions of excess
C,H,.

Pulsed laser photolysis of SO,/C,H;Br mixtures at
193 nm to produce O atoms and C,H, from the SO,
and C,H;Br, respectively. Conditions were chosen to
give [O]>[C,H,] and the [C,H,] was monitored by
mass spectrometry.

Flash photolysis, shock tube study. O generated from
photolysis of NO (followed by the rapid N+ NO reac-
tion) and detected by ARAS. The branching yield was
determined from the yield of H; the H signal was cali-
brated by reference to the O+H, reaction under
identical conditions. The available overall rate coeffi-
cient data (Refs. 1-10) were analyzed over the tem-
perature range 195-2500 K by giving equal weight to
each study. Rate coefficients were calculated at 10
equally spaced values of K/T from the Arrhenius, and
modified Arrhenius, expression from each of the 10
studies and the resulting 100 values were analyzed by
nonlinear least squares, to give k=12-10"17 720
Xexp(—786/T) cm?® molecule™ s 1.

O generated by the direct laser photolysis of NO at 160
nm and by the rapid N+ NO reaction from the N atoms
also produced in the photolysis. [O] was monitored by
chemiluminescence (O+NO—NO,*) in the presence
of an excess of C,H,.

Discharge flow with molecular beam sampling and
mass spectrometric analysis. Analysis of data using a
30 reaction scheme. Channel yield determined via cor-
relation of O removal and CO formation. Effect of H
addition to the flow was also investigated.

Discharge flow with molecular beam sampling and
mass spectrometric analysis. Steady-state [HCCO] de-
tected and calibrated against [HCCO] formed in
C;0,/H system. Analysis allowed for removal of
HCCO by reaction with H, O, and O,.

Discharge flow/molecular beam sampling/mass spec-
trometry study of C,H,/H/O. The *CH, formed both
in channel (1) and by deactivation of 'CH, from the
H+HCCO reaction was measured. The latter source
was selectively eliminated by scavenging 'CH, with
CH4 .

Discharge flow/molecular beam sampling/mass spec-
trometry study of the C,H, /O system. It was shown,
using a 29 reaction scheme, that the shape of the rela-
tive CH, profile is sensitive to k; /k,.

Expression of Michael and Wagner'® for k adopted.
k,/k based on the studies of Michael and Wagner,10
Peeters et al.,'> and Homann and Wellman.'?

k(298 K) based on the studies of Arrington et al.,'
Sullivan and Walrneck,19 Brown and Thrush,20 Hoyer-
mann et al.,2 Westenberg and de Haas,l’21 James and
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Glass,” Stuhl and Niki,”* and Aleksandrov et al.’ The
temperature dependence of & was based on the studies
of Westenberg and de Haas,'! Hoyermann et al.,” and
Aleksandrov ef al.’

Preferred Values

k=1.95-10"1 740 exp(—1110/T) cm’ molecule 's™!
over the range 200-2500 K.
k,/k=0.8 over the range 250-2500 K.

Reliability

Alog k==%0.2 over the range 200-2000 K, rising to 0.3
at 2500.

A(k,/k)==*0.1 over the range 250-2500 K.

Comments on Preferred Values

The overall rate constant is well defined over a wide range
of temperatures. The Arrhenius expression obtained in the
analysis of the data in Refs. 1-10, by Michael and Wagner'°
[see Comment (j)] provided a good fit to the data available at
that time but the more recent data of Bohn and Stuhl,'' to-
gether with the lower temperature data of Ref. 1, suggest that
the expression of Michael and Wagner'® overestimates k
slightly at temperatures below 300 K. Our preferred expres-
sion for k is very similar to that of Michael and Wagner' but
modified to accommodate the low temperature data, and the
curvature is reduced slightly to give a better representation of
the data at very high temperatures.

As well as the data cited in the Table there are a number of
other studies,lg’30 shown on the Arrhenius diagram, in good
agreement with the preferred expression for k. Most of the
experimental data lie within =35% of the recommended ex-
pression but the data of Ref. 8 lies 40%—50% below the
expression in the intermediate temperature range. Reference
10 contains a discussion of the detailed transition state/Rice—
Ramsperger—Kassel-Marcus (RRKM) calculation of Hard-
ing and Wagner®' including an analysis of the effects of
variation of frequencies and barrier heights. The analysis
shows that the model results differ significantly from the
well-characterized experimental results. In particular, the
model is unable to reproduce the substantial curvature in the
Arrhenius plot.

Early studies generated low values of k, /k because
some of the secondary reactions were neglected. The more
recent studies'®'*! are either direct or take quantitative ac-
count of secondary reactions. They show that Channel (2) is
the more important and that there is little dependence on
temperature. The calculations of Harding and Wagner®! are
qualitatively in accord with this conclusion.

4,5,12,13
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EVALUATED KINETIC DATA FOR COMBUSTION MODELING

O + C,H, > CO + °CH, (1)
- CHCO +H ()
2000 1000 500 TIK 300 200

' I ' &--o Ferumore and Jonés 1963

Amngton ef al 1965

Sullivan and Wareck 1965
Saunders and Heicklen 1966
Brown and Thrush 1966 -1
Niki 1967

Hoyermann et al 1967

Bradley and Tse 1969
Westenberg and de Haas 1969
James and Glass 1969

Hoyerman et al 1969

Stuhl and Niki 1971

Jones and Bayes 1973

Gaedtke et al 1973

o--0 Peeters and Mahnen 1973
Vandooren and Van Tiggelen 1977
Westenberg and de Haas 1977
e—e Lohrand Roth 1981 (k)

o—o Lohr and Roth 1981 (k)
Aleksandrov et al 1981 (k, + k,)
Aleksandrov et al 1981 (k,)
Homann and Wellmann 1983
a——a Frank ef al 1981 (k,) T
a— - Frank ef al 1981 (k)
Mahmud and Fontyn 1987
Russel ef a/ 1988
Michael and Wagner 1990
Bohn and Stuh! 1990

—— This Evaluation

O PDw O @ % % > XXt + X

>4 4« >m

O e @0

10°7 /K
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O+C2H3—P OH+ 02H2 (1)
—CO+CH; (2)
—HCO+3CH, (3)

Thermodynamic Data
AH®qq(1)=—283.6 kJ mol '
AS%0s(1)=—10.36 TK™ ' mol™!
K (1)=1.27-T~ " exp(+33900/T)

AH®qg5(2)=—513.0 kJ mol !
AS%05(2)=—3.50 K~ mol ™!
K (2)=124-10° T~ 19 exp(+61250/T)

(300=T/K=5000) (300=T/K=5000)
AH®qy(3)=—115.4 kJ mol ™!
AS°g(3)=24.22TK " mol ™!
K(3)=2.35-10* T~ 1926 exp(+13520/T)
(200=<T/K=6000)
See Section 3 for the source of the Thermodynamic Data
Rate Coefficient Data (k= ki+ k+ k3)
k/cm® molecule ™! s™! T/K Reference Comments
Rate Coefficients Measurements
3.3-107 ! 298 Homann and Schweinfurth, 1981' (a)
5-107" ~200 Heinemann ez al., 19867 (b)
Reviews and Evaluations
5-1071 300-2000 Warnatz, 1984 (c)
1.6-1071° 300-2500 Tsang and Hampson, 1986* (d)
5-107" 300-2000 CEC, 1992; 1994° (e)
Comments Preferred Values
(a) DiSCharge ﬂOW Study Of the Csz /H/O SyStem. The k:SO 10_11 cm3 molecule_l S_l over the range 250_
concentrations of a number of stable products were 2000 K.
monitored and intermediates detected by mass spec-
trometry. k was one of several rate coefficients used to C
fit the product profiles to a numerical model. The prod- Reliability
. ) A log k==+0.5 over the range 250-2000 K.
ucts of the O+>CH, reaction were assumed to be H £ &
+ CH,+ CO.
(b) Low pressure (0.3—4 mbar) measurements in a Laval Comments on Preferred Values
nozzle reactor using mass spectrometric detection. The A temperature independent value for k is recommended,
rate coefficient was measured relative to that for O based on the more direct measurements of Ref. 2. The data
+ (CHg)gC which in turn had been measured relative from Ref. 1 prOVideS support well within the wide error lim-
to k(O+CHjy). A value of 1.2 its given. It is not possible to assess the relative channel
-1071% cm® molecule ™' s™! was assumed for k(CH, efficiencies. The preferred values are unchanged from our
. . . L5
+0), in good agreement with the value recommended previous evaluations.
in this evaluation (1.3-107'° cm® molecule™ ' s™1).
Both products of Channel (2) were detected and
CH,CO was also found showing that Channel (1) also
operates. It was not possible to determine a branchin
pe p oL £ References
ratio. The authors commented that it is difficult to de-
termine the temperature in the LaVE.ﬂ nozzle reactor, but 'K. H. Homann and H. Schweinfurth, Ber. Bunsenges. Phys. Chem. 85,
a value of ~200 K seems appropriate. 569 (1981).
(c) Based on Ref. 1 and a preliminary, private communi- 2P. Heinemann, R. Hofmann-Sievert, and K. Hoyermann, 21st Symp. (Int.)
cation from the authors of Ref. 2. }COmbustion’ 1986, p. 865.
: : : °J. Warnatz in Combustion Chemistry, edited by W. C. Gardiner, Jr.
(d) Estimated by comparison with O+ CH; . (Springer, New York, 1984).
(e) Based on Ref. 2, because of the more direct nature of 4W. Tsang and R. . Hampson, J. Phys. Chem. 15, 1087 (1986).

the experimental technique.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

SCEC, 1992; Supplement I, 1994 (see references in Introduction).



Thermodynamic Data
AH®qg(1)=—73.2kJ mol ™!
AS%0g(1)=2.28 TK™ ! mol™!

EVALUATED KINETIC DATA FOR COMBUSTION MODELING

0+C,H,—~CH,CHO+H (1)

K (1)=0.34 T%% exp(+8690/T)

(300=<T/K<5000)

AHq5(3)=—19.8 k] mol !
AS%05(3)=33.4TK ' mol™!

K(3)=9.86-10* T~ 9% exp(+1890/T)

(300=T/K=15000)

See Section 3 for the source of the Thermodynamic Data.

—HCO+CH; (2
— HCHO+CH, (3)
— CH,CO+H, (4)

AH®4(2) =

859

—112.1 kI mol ™!

AS%0g(2)=38.1TK ' mol™!
K (2)=1.12-10% T3 exp(+12940/T)
(300=<T/K=<5000)

AH 5(4)=—349.1 kJ mol !

AS%0g(4)=—7.75T K "'mol ™!

K(4)=1.28 T~ 922 exp(+41630/T)
(300<T/K=<5000)

Rate Coefficient Data (k= ky+ k+ k3+ k;)

1

k/cm® molecule ™! s~ T/K Reference Comments
Rate Coefficient Measurements
1.4-10~ " exp(—800/T) 223-613 Elias, 1963' (a)
2.39-10713 195 Westenberg and de Haas, 19692 (b)
3.40-107 13 226
5.48-10713 273
7.47-10713 298
123-1071 381
29.5.107 13 548
31.5-10713 555
56.4-10713 715
5.41-107 2 exp(—569/T) 232-500 Davis et al., 19723 (c)
1.15-107 ' exp(—845/T) 298-486 Singleton and Cvetanovic, 1976* (d)
9.23-10 12 exp(—742/T) 298-439 Atkinson and Pitts, 1977° (e)
1.12- 10~ " exp(— 1870/T) 298-500 Nicovitch and Ravishankara, 1982° (f)
2.65-10712 552
3.99.107 12 695
3.85-10712 708
4.48-10712 736
4.98-10712 811
5.81-107 12 835
6.97-10712 944
8.40- 10~ 2 exp(—757/T) 197-372 Browarzik and Stuhl, 19847 (g)
2.12-107 13 7963 exp(—689/T) 260860 Perry, 1984% (h)
1.02- 10~ exp(—753/T) 244-1052 Klemm et al., 1987° )
+2.75-107 19 exp(—4220/T)
1.3-107 P exp(—2770/T) 1052-2284 Klemm ez al., 1990'° G
ky=1.12-10" "2 exp(—352/T) 1100-2100 Hidaka et al., 1999 (k)
ky,=22-10""7 T" exp(—302/T)
ky=3-10""" exp(—2013/T)
Branching Ratios
ki /k=0.36 298 Hunzicker, Kneppe, and Wendt, 1981' )
ko 1k=0.52-0.58
ki /k=0.27 300 Smalley, Nesbitt, and Klemm, 19863 (m)
ky k=037 769
kylky=12 298 Koda et al., 1987'%13 (n)
k, /k,=6.0 (ethylene d,)
k, /k=0.30 298 Anastasi et al., 1994 (0)
Reviews and Evaluations
1.07- 10~ exp(—800/T) 200-500 Cvetanovic, 1987"7 (p)
5-75-107"7 T8 exp(—92/T) 300-2000 CEC, 1992; 19948 )
ki 1k=0.35; ky /k=0.60 >300

kq 1k=0.05
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(a)

(b)

(c)

(e)

(f)

(2)

()

(k)

BAULCH ET AL.

Comments

Discharge flow. O atoms produced by discharge in
He/O, mixtures or by N+NO titration. Relative [O]
monitored by O+ NO chemiluminescence. [ C,H,] de-
termined by mass spectrometry.

Discharge flow. O atoms produced by discharge in
He/O, mixtures or by N+ NO titration. ESR detection
of OC*P). [C,H,] monitored by mass spectrometry.
Experiments carried out with both O and C,H, in ex-
cess. Measured stoichiometry used to derive values of
k. Authors note curved Arrhenius plot.

Flash photolysis of O,/C,H,/He mixtures at a total
pressure of 70 mbar. [O] monitored by resonance fluo-
rescence. Other experiments were carried out using
resonance absorption detection of O and discharge flow
with mass spectrometric detection of C,H,. k was
found to be independent of pressure in the range cov-
ered (1.7-325 mbar).

Molecular modulation; Hg photosensitized decomposi-
tion of N,O in He bath gas used as the O atom source.
O detected by O+ NO chemiluminescence. k obtained
from phase difference between amplitude of the chemi-
luminescence and 254 nm photolytic radiation. k inde-
pendent of pressure in the range studied (40-120
mbar).

Pulsed vacuum UV photolysis of O, or NO in Ar/C,H,
mixtures. Total pressure, approximately 45 mbar. [O]
monitored by O+ NO chemiluminescence.

Flash photolysis of O,/C,H,/Ar mixtures with 145—
165 nm radiation. [O] monitored by resonance fluores-
cence. k independent of pressure in the range covered
(53-265 mbar). Non-Arrhenius behavior was found
above 500 K.

Pulsed laser photolysis of NO/C,H,/N, mixtures at
160 nm; O+ NO chemiluminescence used to monitor
[O]. Total pressure, approximately 8 mbar.

Pulsed laser photolysis at 157 nm of O, or NO in
C,H, /Ar mixtures; O+ NO chemiluminescence used
to monitor [O]. Total pressures in the range 66—132
mbar.

Two techniques used: (i) flash photolysis of O, or NO
in C,H, /Ar mixtures at pressures in the range 65—130
mbar and temperature range 244-1052 K, with reso-
nance fluorescence detection of O; (ii) discharge flow
using O, or O+NO as the O atom source, with reso-
nance fluorescence detection of O and covering the
temperature range 298—1017 K.

High temperature study using combined flash
photolysis-shock tube technique. O atoms produced by
flash photolysis of NO and monitored by atomic reso-
nance absorption.

Shock tube study on the pyrolysis and oxidation of
C,H, using a range of C,H,/0O,/Ar mixtures at pres-
sures in the range 1.5—4.5 bar. Three shock tubes were
used. The first had facilities for resolved time resolved
and single pulse product analysis studies. IR emissions

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

U]

(m)

(n)

(o)
(p)
()

at 4.24 pm, and 3.48 wm were monitored, and reac-
tants and products could be sampled and analyzed by
GC. The second shock tube was equipped for laser ab-
sorption at 3.39 um and IR emission studies behind
reflected shocks. The third was equipped to monitor
UV absorption at 230 nm behind reflected shocks. The
emission profiles at 4.24 um and 3.48 wm and the laser
absorption profiles were sensitive to k, k,, and k5 and
were simulated using a detailed mechanism. The [H]
and [O] profiles reported in the shock tube study of
Frank and Just'® could also be modeled using these
expressions.

Photochemical modulation spectroscopy was applied to
253.7 nm Hg photosensitized decomposition of N,O in
N,0O/C,H, /N, mixtures. CH,CHO radicals were de-
tected by UV and infrared absorption. CH,CHO yields
were determined by absorption measurements at 347.7
nm and comparison with the corresponding absorption
following the Hg-sensitized decomposition of
CH;0C,H;, which generates CH,CHO with unit
quantum yield. HCO was detected in absorption at
563.2 nm.

Branching ratio for the H+ CH,CHO product channel
determined from measured H and O atom profiles in
flash photolysis-resonance fluorescence study at pres-
sures in the range 66—132 mbar. The O atoms were
produced by broadband (A>160 nm) flash photolysis
of O, or NO in the presence of an excess of C;H,. The
branching ratio increased slightly with temperature
over the range 300-769 K.

Branching ratio determined from measurement of
CHO/(CDO) and CH,CHO/(CD,CDO) yields by
time-resolved microwave spectroscopy in pulsed Hg
photosensitized reaction of N,O/C,H, mixtures at a to-
tal pressure of approximately 0.04 mbar.

Pulse radiolysis at 1 bar total pressure; UV absorption
detection of CH;, HCO, and CH,CHO.

Considered 33 literature sources up to 1984. Assumed
linear Arrhenius plot up to 500 K.

Accepts expression derived by Klemm ez al.'® from
data in Refs. 1-10. Branching ratios were based on the
data from Refs. 12—15.

Preferred Values

k=2.25-10"" T8 exp(—92/T) cm? molecule ' s~ !
over the range 220-2000 K.

ky/k=0.35; k,/k=0.6; ks/k=0.05, at 298 K and for P
<1 bar.

Reliability

A log k==*0.1 over the range 300—1000 K, rising to =0.3
at 220 K and 2000 K.

Ak /k)==%0.05; A(k,/k)==x0.1; A(ky/k)==0.1, all
at 298 K.
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Comments on Preferred Values

There is a large experimental data base covering a wide
range of experimental conditions for this reaction. The data
up to 1984 have been reviewed by Cvetanovic.!”

The preferred expression, which is unchanged from our
previous evaluations'® is derived from a fit to the 3 parameter
expression k=AT"exp(B/T), of the curve generated from
the bi-exponential expression of Klemm et al.'® over the
range 300-2000 K, which was derived from the data in Refs.
1-10. A large number of other measurements'>*'~?’ are con-
sistent with the expression derived. However the values of k
obtained by Umemoto ez al.?’ seem to be systematically high
and those of Mahmud er al.** are low in the middle of the
temperature range covered (290-1510 K).

The reaction mechanism involves addition of the O atom
to the double bond forming an energy rich triplet diradical
which can decompose or cross to the singlet state, isomerize,
and then decompose.!”?® A variety of experiments over a
wide pressure range have shown that the principle channels
are (1) and (2). On the basis of their own results®’ and those
from a number of earlier studies,m_32 Knyazev et al.” have
suggested that at pressures below ~ 15 mbar the branching
ratio is strongly pressure dependent. But, on the low pressure
side of this range, under single collision conditions Schmolt-
ner et al.”® have measured CHO and CH,CHO yields and
find k,/k;=2.5+0.9 and at 0.04 mbar Kendo et al.'*'> find
k;/k=0.37, while on the high pressure side, studies up to
1000 mbar by discharge flow, pulsed photolysis, pulse radi-
olysis, and molecular modulation techniques, employing a
variety of detection methods,lz‘16 have also yielded values of
ki /k of 0.27-0.37 with sufficient scatter to mask any pres-
sure variation in that range. The only direct study of the
temperature dependence of the branching ratios is that of
Smalley ef al."* who found a small increase in k, /k of 0.27
to 0.35 in going from 300 K to 798 K. At high temperatures
the expressions derived by Hidaka ef al.'' for the range
1100-2100 K are in reasonable agreement with the preferred
expression for k and, extrapolated to lower temperatures,
also give branching ratios compatible with our recommenda-
tions at room temperature. These expressions suggest that
Channel (3) becomes competitive with the other channels
above 1000 K. However the expressions of Hidaka ef al.'!
were derived from a complex system and our preferred val-
ues for the branching ratios are based mainly on the more
direct low temperature studies'>™'® and are limited to pres-
sures of less than 1 bar. There are also minor contributions
(~5%) from other channels.

At yet higher pressures the stabilization products, acetal-
dehyde and ethylene oxide, have been observed. Bley er al.>

have measured the yields of these two products as a function
of pressure over the range 4—70 bar. They find at 70 bar
[CH;CHO]/[C,H,O]=2.2 but at this pressure the high pres-
sure limiting value of this ratio has still not been reached.
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O +C,H, > CH,CHO + H (1)
- HCO + CH, (2)
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0+C,Hs—CH;CHO+H (1)

— HCHO+CH; (2)

— CO+CH,#H (@)

— CO+CHz+H, (5)

Thermodynamic Data
AH®qg(1)=—318.3 kJ mol !
AS%5(1)=29.6 7K' mol ™!
K (1)=1.85-10"3 T%4% exp(+38370/T)
(300=<T7/K=<5000)

AH®q4(3)=—280.6 kJ mol '

AS%05(3)=—5-26 JK™ ' mol™!

K(3)=17.25 T~ %37 exp(+33590/T)
(300=<T/K=<5000)

AH%g5(5)=—334.2 kI mol !

AS%0(5)=113.90 JK™ ' mol™!

K (4)=226-10%" 7719 exp(+39510/T) molecule cm ™3
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

AHg5(2)=—331.8 kJ mol !

AS%95(2)=4.55TK ' mol™!

K (2)=4.94-10* T~ 9819 exp(+39620/T)
(200<T/K<6000)

AH®qg(4)=—337.5kI mol !

AS%gg(4)=—90.02 T K™ mol~!

K.(4)=531-102" T713% exp(+40280/T) molecule cm ™
(300<T/K<5000)

Rate Coefficient Data (k= ky+ kx+ k3+ k3+ ks)

k/cm? molecule™! 57! T/K Reference Comments
Rate Coefficient Measurements

22-1071° 295-600 Slagle et al., 1988' (a)
Branching Ratios

ki /1k=0.4%0.04 298-450 Slagle et al., 1988! (a)

ko /k=0.32+0.07 298-450

k3 /k=0.23x0.07 298-450
Reviews and Evaluations

1-1071° 300-2500 CEC, 1992; 1994> (b)

ko 1k=0.17 300

Comments

(a) Flow system with generation of C,Hs and O(*P) from
the simultaneous in sifu photolysis of C,HsCOC,Hj;
and SO, and measurement of [C,Hs] and [O] by
photoionization mass spectrometry. k determined from
C,Hs decay profile with [O]/[ C,H5]>20, and shown
to be independent of pressure over the range 1-10
mbar. Branching ratios were determined by analyses of
CH;CHO, HCHO, and C,H, products.

(b) Value of k based on unpublished data of Peeters and
Caymax. The branching ratio is from Hoyermann and
Sievert.’

Preferred Values

k=2.2-10"'° cm® molecule ' s~! over the range 298—
1000 K.
ki /k=0.4 over the range 298-450 K.

ko, /k=0.3 over the range 298—-450 K.
k3 /k=0.2 over the range 298-450 K.

Reliability
Alogk==%0.3 at 298 K, rising to =0.5 at 1000 K.
A(ky/k)=%0.05; A(k,/k)==0.1; A(ks/k)==x0.1, all
over the range 298-450 K.

Comments on Preferred Values

The preferred values for k and the branching ratios are
based on the study of Slagle e al.! Hoyermann and Sievert®
carried out a discharge flow/mass-spectrometric study on this
reaction and obtained results at variance with those of Slagle
et atl.,1 but in a later study, using more direct techniques,
Hoyermann et al.* obtain branching ratios in agreement with
those of Slagle er al.' and accept that the values of Slagle
et al." are to be preferred. Lindner ef al.’ have measured the
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vibrational distribution in the OH produced [Channel (3)]
and conclude that the OH is probably formed by direct ab-
straction rather than by an addition/decomposition process.
The production of CO (v=1-9) has also been observed by
Reid et al.,6 using time-resolved Fourier transform infrared
emission spectroscopy. They suggest that it arises directly
from a hitherto unidentified reaction channel. The branching
ratio was not determined but it was comparable with that for
the corresponding O+ CHj reaction (i.e., ~0.2). This finding
remains to be confirmed but there may be a minor, but sig-
nificant channel, not accounted for in the present recommen-
dations.

References

'L R. Slagle, D. Sarzynski, D. Gutman, J. A. Miller, and C. F. Melius, J.
Chem. Soc. Faraday Trans. II 84, 491 (1988).
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3K. Hoyermann and R. Sievert, 17th Symp. (Int.) Combustion, 1979, p.
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‘K. Hoyermann, M. Olzmann, J. Seeba, and B. Viskolcz, J. Phys. Chem. A
103, 5692 (1999).

3]. Lindner, R. A. Loomis, J. J. Klaassen, and S. R. Leone, J. Chem. Phys.
108, 1944 (1998).

%J. P. Reid, T. P. Marcy, S. Kuehn, and S. R. Leone, J. Chem. Phys. 113,
4572 (2000).

0+ C2H6—>OH+ C2H5

Thermodynamic Data
AH®qgg(1)=—7.30kJ mol !
AS%0s(1)=40.8 TK™!' mol ™!

K (1)=7.2-10° T~ %" exp(+538/T)
(300=<T/K<4000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! s™! T/K Reference Comments
Rate Coefficient Measurements
1.39- 10710 exp(—3770/T) 853-933 Azatyan, Nalbandyan, and Meng-yuan, 1962! (a)
3.2-107 0 exp(—4806/T) 600-1030 Caymax and Peeters, 19832 (b)
6.6-10" " exp(—3410/T) 308-410 Mix and Wagner, 1983° (c)
1.9-1073" 783 exp(—138/T) 297-1232 Mahmud, Marshall, and Fontijn, 1988* (d)
6.59- 10" 10 exp(—5051/T) 9381192 Miyoshi et al., 19947 (e)
Reviews and Evaluations
2.0-107 12 706 exp(—3680/T) 500—1000 Tsang and Hampson, 1986° )
1.9-107 1 exp(—3950/T) 400-1100 Herron, 1988’ ()
4.5-107 "8 724 exp(—2940/T) 1100-2000
1.9-1073" 783 exp(—140/T) 2981300 Cohen and Westberg, 1991° (h)
4.32-10"° exp(—7010/T) 1300-3000
1.66- 10712 71 exp(—2920/T) 300-1200 CEC, 1992; 1994° (i)

Comments

(a) The pressure and temperature of the lower explosion
limit for CO/O,/C,H¢ mixtures was determined for a
range of concentrations of C,Hy and O,. Values of k
depend upon calculated values of the rate of reaction of
O atoms with the vessel walls which were coated with
MgO.

(b) Discharge flow study under conditions of [O]
>[C,Hg]. O atoms were generated by a discharge in
O, /He mixtures and their concentration calibrated by
means of the N+ NO reaction. The [ C,Hg| was moni-
tored by molecular beam sampling into a mass spec-
trometer.

(c) Discharge flow study with [O]/[C,Hg] in the range
18-21. O atoms were generated by a discharge in
0O, /He mixtures and the [ C;Hy] was monitored by mo-
lecular beam sampling into a mass spectrometer.

(d) A fast flow discharge system was used to study the

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

reaction under conditions of [O]>[C,H4]. O atoms
were generated by flash photolysis of O, or CO, intro-
duced into the flow tube together with the C,Hy and
carrier gas (Ar) at total pressures in the range 128—817
mbar. The [O] was monitored by atomic resonance
fluorescence

(e) A pulsed laser photolysis-shock tube technique was ap-
plied to Ar/SO, (or NO)/C,Hg mixtures. O atoms were
produced by pulsed laser photolysis of the SO, or NO
at 193 nm behind reflected shock waves and [O] was
monitored by ARAS at 130.6 nm. Computer simula-
tions were used in extracting values of k from the [O]
temporal profile and in checking the effects of second-
ary chemistry. Results reported here supersede those
reported previously in a similar study.'”

(f)  Expression derived by Cohen'' recommended.

(g) For the range 400—1100 K an expression suggested by
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Michael'? is recommended and for the range 1100—
2000 K the recommended expression is that of Cohen
and Westberg.'?

(h) The expression derived by Mahmud et al* is recom-
mended for the range 298—-1300 K and the expression
recommended for the range 1300-3000 K is based on a
Transition State Theory calculation with corrections for
tunneling.

(i) Based on the high temperature data of Caymax and
Peeters” and Cohen’s analysis'* of the low temperature
data.

Preferred Values

k=3.0-10"" T8 exp(—2920/T) cm? molecule 's™!
over the range 500—1400 K.

Reliability
Alogk==0.15 in the range 500-1100 K, rising to =0.3
at 1400 K.

Comments on Preferred Values

In the temperature range 500—1150 K the relatively recent
studies of Caymax and Peete:rs,2 Mahmud et al.,4 and Miy-
oshi er al.® are in fair agreement with the scatter in values of
k corresponding to factor of about 2. The values derived
from the earlier explosion limits studies of Azatyan'** are
also in this range.

Below 500 K the data are more scattered. At these tem-
peratures the rate constant is small and difficult to measure,
with secondary reactions and impurities in the C,Hg present-
ing major experimental difficulties. Cohen'* has evaluated in
some detail the low temperature studies of Saunders and
Heicklen,'> Westenberg and de Haas,'®!” and Papadopoulos
et al."® and comes to the conclusion that none of them can be
considered reliable because of the uncertain effects of sec-
ondary chemistry, which are likely to lead to measured val-
ues of k being too high. He also points out that in the ex-
periments of Herron and Huie'® very small changes in
[C,Hg] had to be measured so that the values of k& which
they derived cannot be considered very precise. The remain-
ing low temperature studies are those of Avramenko ef al.,”
Mahmud et al.,4 Mix and Wagner,3 and Gal and Bar-Ziv.>!
The reliability of the early discharge flow study of Avra-
menko ez al.?® which used H,O and O, as the O atom source
and analysis of product yields is very uncertain. The studies
of Mahmud er al.* and of Mix and Wagner® appear to be the
most reliable of the low temperature studies but at 298 K the
values of k obtained by Mahmud er al.* is approaching a
factor of 2 higher than that of Mix and Wagner.> Gal and

Bar-Ziv’s?! determination of k at 298 K was indirect, being
derived from modeling measured [OH] temporal profiles in a
discharge flow study of the O+ C,Hg system, and the value
of k obtained (5.3-107'® cm® molecule ' s™!) is also much
lower than that of Mahmud ef al.*

As well as the uncertainty of the value of k at low tem-
peratures another major problem is the extent of curvature of
the Arrhenius plot. Mahmud e al.* obtain a pre-exponential
factor varying as 7% in their expression for k over the range
297-1237 K. Such a temperature dependence is larger than
found for O atom reactions with other alkanes and, in all of
the other studies of the temperature dependence of
k, 17331216220 g1beit over smaller ranges of temperature and
with less precision, linear Arrhenius plots have been ob-
tained. The large 7" term in the expression for k obtained by
Mahmud er al.* is due, in part, to their high values of & at
low temperatures which they have justified as being due to
contributions from tunneling. However the extent of such
contributions is controversial and the status of the low tem-
perature data and the temperature dependence remain uncer-
tain.

The preferred expression for k is limited to temperatures
above 500 K and is derived from the studies of Caymax and
Peeters,2 Mahmud et al.,4 and Miyoshi et al’ and, on this
basis k is well defined up to 1100 K. The preferred expres-
sion is very similar to that recommended for the closely re-
lated reaction O+ CH, (see data sheet).
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O+HCCO—2CO+H 1)
— CO,+CHX?IT) (2)
— CO,+CH@*x") (3

Thermodynamic Data
AH qg(1)=—427.6 kJ mol !
AS®0g(1)=103.4 TK ! mol ™!
K.(1)=5.72-10*® T7'*2 exp(+51110/T) molecule cm >

AH4g(2)=62.34 kJ mol !
AS%0g(2)=—22.14 TK~ " mol !
K.(2)=8.65-10° T~273 exp(—8330/T)

(300<T7/K<5000) (300=<T7/K=<6000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ki+ o+ k3)
k/cm® molecule™! s7! T/K Reference Comments
Rate Coefficient Measurements
3.2-1071° exp(—300/T) 285-535 Vinckier, Schaekers, and Peeters, 1985' (a)
1.6-1071° 1500-1700 Frank, Bhaskaran, and Just, 19867 (b)
(ky+k3)=8.0-10"12 290 Peeters et al., 1994° (c)
(ky+k3)=4.9-10""" exp(—560/T) 404-960 Peeters, Boullart, and Devriendt, 1995* (c)
Reviews and Evaluations
1.6-1071° 300-2500 CEC, 1992; 1994° (d)

Comments

(a) Discharge flow study of the O+ C,H, reaction. O at-
oms were produced by a microwave discharge in
He/O, mixtures and their concentration determined
from the initial concentration of the O, or by titration.
The concentrations of C,H, and a number of radicals
produced in the reaction were monitored by molecular
beam sampling into a quadrapole mass spectrometer.
Values of k/k(O+C,H,—CHCO+H) were deter-
mined from the steady state values of [CHCO] over the
range 285-535 K. These were combined with the mea-
sured value at 535 K of the rate constant for the refer-
ence reaction, and its activation energy, to derive the
cited expression for k.

(b) Shock tube study wusing reflected shocks in
C,H, /N,O/Ar mixtures with simultaneous measure-
ment of [H], [O], and [CO] by atomic and molecular
absorption spectrometry. The O+ CHCO reaction is
important in the later stages of the reaction. Values of k
were determined by fitting the [O] profile under opti-
mized conditions using a detailed mechanism.

(c) The same technique was used in Refs. 3 and 4. Both
studies used the O+ C,H, reaction carried out in a dis-
charge flow system. O atoms were produced by a mi-
crowave discharge in He/N,O mixtures. Concentra-
tions of radicals and stable species were monitored by
molecular beam sampling into a quadrapole mass
spectrometer. Values of (k,+k3)/k were determined
by fitting the measured CO, profile using a detailed
reaction  mechanism.  k=2.0-10""Cexp(—120/T)
cm® molecule ™ !'s™!, which corresponds closely to the
preferred value in the present evaluation, was used to
derive the cited expression for (k,+k3).

(d) Base(21 on the studies of Vinckier ef al.' and Frank
et al.

Preferred Values

k=1.6-10"'° ¢cm® molecule ' s !

2500 K.
(ky+k3)=4.9-10""exp(—560/T) cm® molecule™ ' s™!
over the range 280—1000 K.

over the range 280-

Reliability
A log k==*0.2 over the range 280-2500 K.
A log(k,+k3)==0.3 over the range 280-1000 K.

Comments on Preferred Values

The preferred value for & is unchanged from our previous
evaluations® and is based on the studies of Vinckier er al.'
and Frank er al.;* the earlier study of Jones and Bayes® ap-
pears to give erroneously low values of the rate constant for
the reaction of CHCO with both O and H.

The major channel for the reaction is that leading to the
formation of CO and H [Channel (1)] but Peeters et al.>*
have also identified a contribution from Channel (3) and/or
Channel (2) which is small at room temperature but rises
with temperature sufficiently rapidly to suggest that it may
be important under combustion conditions. The preferred ex-
pression for (k,+k3) is that determined by Peeters er al.*
with enhanced error limits until confirmatory studies are
made. The experimental and theoretical studies®* have not
been able to identify the separate contributions of the two
channels [(2) and (3)].
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0+CH,CO—CO+HCHO (1)
—CO+HCO+H (2)
—HCO+HCO  (3)
—3CH,+C0O, (4

Thermodynamic Data
AH®qq(1)=—420.8 kJ mol '
AS%0s(1)=13.36 J K~ mol ™!
K.(1)=1.41-10* T~ ""*" exp(+50320/T)
(300=<T/K<5000)

AH®q(3)=—115.5kJ mol ™!
AS%0s(3)=4571 TK~ ' mol™!
K(3)=5.70-10° T~ "7 exp(+13540/T)

AHqg5(2)=—51.13 kJ mol !

AS%05(2)=133.5T K " mol ™!

K.(2)=7.63-10% T~ exp(+5724/T)
(300=<T/K=<5000)

AH%qg(4)=—204.8 kJ mol !
ASg(4)=—15.68 TK~ ! mol !
K (4)=4.91-10% T8 exp(+24360/T)

(200=T/K=6000) (300=T/K=5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= kq+ ky+ k3+ k)
k/em® molecule™ ' 57! T/K Reference Comments
Rate Coefficient Measurements
46-1071 296 Gaffney, Atkinson, and Pitts, 1975' (a)
2.92-10" 2 exp(—680/T) 230-449 Washida et al., 1983% (b)
43.10°13 298 (c)
Branching Ratios
ky/k=0.15 298 Washida er al., 19832 (c)
(kytk3)/k=0.1
Reviews and Evaluations
3.0-107 2 exp(—680/T) 230-449 Cvetanovic, 1987° (d)
3.8- 107 exp(—680/T) 230-500 CEC, 1992; 1994* (e)
Comments Reliability

(a) Relative rate study with k determined relative to k(O
+ cyclopentene) =1.92- 10~ ' cm® molecule ™ 's™!. O
atoms produced by Hg photosensitized photolysis of
N, O at total pressures in the range 270—660 mbar.

(b) Experiments based on pulse radiolysis  of
CO,/CH,CO/Ar mixtures at total pressures of 660
mbar. [O] monitored by resonance absorption.

(c) Discharge flow system study using a large excess of O
atoms over the ketene. Photoionization mass spectrom-
etry was used to detect the ketene and products to ob-
tain both the rate coefficient and the product yields
(HCO and HCHO).

(d) Based on the studies of Carr ef al.,’ Jones and Bayes,6
Mack and Thrush,7 and Washida et al.”

(e) Based on the studies of Mack and Thrush’ and of
Washida et al.”

Preferred Values

k=3.0- loflzexp(—680/T) cm?® molecule ™ 's™! over the
range 296-1000 K.
ki/k=0.2; (kytk3)/k=0.2; ky/k=0.6, at 298 K.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

Alogk==%0.3 at 296 K, rising to = 1.0 at 1000 K.
A(ky/k)=A[(ky+k3)/k]=*0.1, at 298 K.
A(kylk)==*0.2 at 298 K.

Comments on Preferred Values

Under the conditions used in the early discharge flow
studies”’ there is considerable uncertainty in the reaction
stoichiometry, which introduces corresponding uncertainty
into the values of k obtained. This objection does not apply
to relative rate measurement of Gaffney ef al.' and the dis-
charge flow study of Washida et al.> which are accepted as
the basis for our preferred expression. There are no direct
measurements of k at flame temperatures. Hidaka er al.®
studied ketene oxidation by O, and N,O behind shock waves
at 1050-2050 K and found that to model their system a value
of k,=1.5-10"" cm?® molecule ' s~! was required. This is
an order of magnitude greater than the value obtained by
extrapolation of our preferred expression for k.

The recommended branching ratios are based on the study
of Washida et al.,* in which direct measurements of the prod-
uct yields were made, and on the unpublished results of Bley
et al., quoted in Ref. 9, which are in reasonable agreement.
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(Int.) Combustion Proceedings, 1990, p. 105.

O+CH3CO—CH,CO+0OH (1)

Thermodynamic Data
AH q5(1)=—249.6 kJ mol !

AH5(2)=—486.3 kJ mol !

AS%gg(1)=—2.88 T K~ ! mol ! AS%g5(2)=—20.8 J K~ ! mol™!
K (1)=0.198 T%* exp(+29980/T) K (2)=9.22-10"% T 0" exp(+58480/T)
(300<T7/K=5000) (300=<T7/K=5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ k)

k/cm? molecule™ ! 57! T/K Reference Comments
Rate Coefficient Measurements

5.1-1071° 295 Miyoshi, Matsui, and Washida, 1989' (a)

1.78-1071° 298 Bartels, Edelbeuttel-Einhaus, and Hoyermann, 1990> (b)
Branching Ratios

ki /1k=0.22 295 Miyoshi, Matsui, and Washida, 1989" (c)

ko 1k=0.76

ko 1k>0.7 298 Bartels, Edelbeuttel-Einhaus, and Hoyerman, 1990° (d)
Reviews and Evaluations

1-1071° 300-2000 Herron, 1988° (e)

3210710 298-1500 CEC, 1994* (f)

ki 1k=0.2; k,/k=0.8 298

Comments (d) Based on yield of CH;.

(a) Discharge flow system. Reactants and products moni-
tored by photoionization mass spectrometry. k mea-
sured relative to k(CH3CO+0,). k. ;/k=(6.3%0.5)
1073 obtained from effect of O, on the yield of
CH;CO in the O+ CH;CHO reaction with excess O.
Value given uses k=3.2-10" 2 cm® molecule !'s™!
(this evaluation).

(b) Discharge flow with molecular beam sampling and
REMPI mass spectrometry or electron impact mass
spectrometry. CH;CO from reaction of F or Cl with
CH;CHO. Pressure 0.5—-10 mbar. k£ measured relative
to k(O+ C,Hs). k/k,;=0.81 obtained. Value of k de-
rived using k(O+C,Hs)=2.2-10"1" cm®
molecule™ ' s~ (this evaluation).

(c) Branching ratio k,/k from the yield of ketene; k,/k
from yield of CH;. Both were measured independently
in the experiments described in (a).

(e) Based on analogy with other reactions of O atoms with
organic radicals.
(f)  Based on results of Miyoshi et al.'

Preferred Values

k=3.5-10""° over the range 295-1000 K.
ky/k=0.25; k,/k=0.75 at 298 K.

Reliability
Alog k==*0.3 over the range 295-1000 K.
Ak /k)=A(k,/k)==0.2, at 298 K.

Comments on Preferred Values

The preferred value of k is a simple mean of the experi-
mental values of Miyoshi et al.' and Bartels et al.,> which
are in reasonable agreement, considering the substantial un-
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certainties in the reference reactions used. In view of the
large value of k, it is expected to have little, if any, tempera-
ture dependence.

The branching ratios are based on the measurements of
Miyoshi ef al.,' with which the data of Bartels er al.® are
consistent.

BAULCH ET AL.

References

' A. Miyoshi, H. Matsui, and N. Washida, J. Phys. Chem. 93, 5813 (1989).

2M. Bartels, J. Edelbuettel-Einhaus, and K. Hoyermann, 23rd Symp. (Int)
Combustion, 1990, p. 131.

3J. T. Herron, J. Phys. Chem. Ref. Data 17, 967 (1988).

“CEC, Supplement I (1994).

O0+CH;CHO—OH+CH3;CO ™)
—OH+CH,CHO (2)
Thermodynamic Data
AH®qg(1)=—55.9. kJ mol ! AH®q(2)=—35.4kJ mol !
AS%g(1)=262TK ' mol™! AS%05(2)=26.6TK ' mol™!
K(1)=7.03-10* T~ exp(+6120/T) K(2)=1.98-10° T~ %30 exp(+3850/T)
(300<T7/K=5000) (300=T7/K=<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ k)
k/cm?® molecule™ ! s™! T/K Reference Comments
Rate Coefficient Measurements
48-107 1 300 Mack and Thrush, 1974 (a)
49.1071 298 Michael and Lee, 1977> (b)
1.2-107 " exp(—990/T) 298472 Singleton et al., 1977° (c)
Reviews and Evaluations
9.7-10" 2 exp(—910/T) 298-1500 CEC, 1992; 1994* (d)
Comments et al.’> Room temperature data of Cadle and Powers,” Miy-
p y
(a) Discharge flow study. [O(3P)] was monitored by elec oshi ef al.,® and Park et al.” are consistent with the preferred
tron parimagnetic rez};onance (EPR) and chemilu}r/nines— expression. Although the high temperature data of Beeley
cence from the NO-- O+ M reaction et al. (1550—1850 K)® agree with the extrapolation of our
(b) Discharge flow study. [O(P)] was Iﬁonitore 4 by reso simple Arrhenius expression, the determination was indirect
nance ﬂiorescence Y- y and subject to uncertainty. There are no experimental data on
" . the branching ratio. If it is assumed that k,= tk(O+ C,H
(¢) Modulated photolysis of N,O/CH;CHO mixtures. [O] & 22 ( 2He)
was monitored by chemiluminescence from the O then the second channel only becomes significant (k,/k
FNOLM reactiony >0.1) at T>700 K but extrapolation of this estimation to
(d) Based on the data .of Mack and Thrush.! Michael and higher temperatures gives values a factor of 2 higher than the

Lee,? and Singleton et al.?

Preferred Values

k=9.7-10""2 exp(—910/T) cm?® molecule ™ !'s™! over the
range 298-1500 K.

Reliability
Alogk==0.1 at 298 K, rising to =0.5 at 1500 K.

Comments on Preferred Values
The preferred values are based on the low temperature
data of Mack and Thrush,1 Michael and Lee,2 and Singleton

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

overall rate coefficient given by Beeley et al.®

References

'G. P. R. Mack and B. A. Thrush, J. Chem. Soc. Faraday 1 70, 178 (1974).

2J. V. Michael and J. H. Lee, Chem. Phys. Lett. 51, 303 (1977).
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2821 (1984).

8P. Beeley, J. F. Griffiths, B. A. Hunt, and A. Williams, 16th Symp (Int)
Combustion, 1976, p. 1013.
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Thermodynamic Data
AH®4=—28.2 kI mol !
AS%0s=37.2TK ' mol™!
K.=6.5-10° T~ %34 exp(+2990/T)

(300=<T/K<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! s™! T/K Reference Comments
Rate Coefficient Measurements
8.3-107 "2 exp(— 1430/T) 217-366 LeFevre, Meagher, and Timmons, 1972" (a)
5.4-107 "2 exp(—1320/T) 240-400 Liu ef al. 1990> (b)

Comments

(a) Discharge flow study. O atoms were produced by a
microwave discharge in He/O, mixtures or by the N
=+ NO reaction. In one set of studies ESR was used to
monitor [O] in an excess of CH;0CH;. In other ex-
periments [ CH;OCH;] was monitored by mass spec-
trometry in an O-atom excess. A similar temperature
dependence for k was obtained in each of the two stud-
ies but different absolute values of k, which was attrib-
uted to differences in reaction stoichiometry in the two
sets of experiments. The expression tabulated is based
on the ESR results and a stoichiometry of 2 estimated
in the paper from a comparison of the results from the
two studies.

(b)  Flash photolysis study. Vacuum UV photolysis of flow-
ing Ar/O, mixtures was used as the O atom source and
[O] was monitored at 130.3 nm by resonance fluores-
cence in the presence of a large excess of CH;OCH;.

Preferred Values

k=5.4-10""exp(—1320/T) cm® molecule ' s~ ! over the
range 220-450 K.

Reliability
Alog k==*0.2 over the temperature range 220-450 K.

Comments on Preferred Values

The expression derived by Liu et al.? from their flash pho-
tolysis study is taken as the preferred expression for k. Of
the several studies of the reaction this is the only one in
which the effects of secondary chemistry are likely to have
been eliminated.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

There are a number of older, relative rate studies®™ em-
ploying photolysis of N,O as a source of atomic O in a
steady state system. The results from these studies given on
the Arrhenius diagram have been recalculated using more
recent values for the reference rate constants but, although
there is fair agreement among them, they all give values of k
much lower than predicted by the preferred expression. This
suggests a common source of error almost certainly associ-
ated with uncertainties in the secondary chemistry in such
systems.

The discharge flow studies of Mix and Wagner® and of
Faubel er al.” may also have suffered from complicating sec-
ondary chemistry. Such complications were recognized by
Le Fevre e al.! in their discharge flow work. Thus their ab-
solute values of k are suspect because of uncertainties in the
stoichiometry, but the temperature dependence of k obtained
from their studies, using both ESR and mass spectrometry,
provide good support for the value obtained by Liu er al.>
which is the basis of our preferred values.

References
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103 (1972).
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711 (1990).
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4Y. Takazaki, S. Mori, and H. Kawasaki, Bull. Chem. Soc. Jpn. 39, 1643
(1960).

SM. G. Neumann and N. Jonathan, J. Chem. Soc. B 167 (1970).

®K. H. Mix and H. Gg. Wagner, Oxid. Commun. 5, 321 (1983).

7C. Faubel, K. Hoyermann, and H. Gg. Wagner, Z. Phys. Chem. N.F. 130,
1 (1982).
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0+C,HsOH—OH+CH;CHOH (1)

Thermodynamic Data
AH®qgg(1)=—28.8 kJ mol ™!
AS%g5(1)=23.0T K™ mol™!
K(1)=4.8-10° T7%7% exp(+3030/T)

—OH+CH,CH,OH (2)
—OH+CH,CH,0 (3)

AH%gg(2)=—13.13 kJ mol !
AS%05(2)=17.1TK™ ' mol™!
K (2)=0.77 T4 exp(+ 1440/T)

(300<T7/K=5000) (300=T7/K=5000)
AH®4(3)=7.66 kJ mol !
AS%05(3)=16.5TK ' mol™!
K(3)=38.8 T~ %1 exp(—1090/T)
(300=T7/K=5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ kp+ k)
k/cm?® molecule™ ! s™! T/K Reference Comments
Rate Coefficient Measurements
9.9-107 1 724 exp(—932/T) 298-886 Grotheer, Nesbitt, and Klemm, 1986' (a)
Reviews and Evaluations
1.0- 10718 7246 exp(—930/T) 3001000 Herron, 19882 (b)

Comments

(a) Fast-flow discharge (298706 K) and flash photolysis
(297-886 K) were used with resonance fluorescence
detection of O atoms in both cases. O atoms were pro-
duced by photolysis of O, or NO in the flash photolysis
experiments and, in the fast-flow technique, by a dis-
charge through O, or by titration of N atoms with NO.
Total pressures were in the range 2.2—132 mbar with
He or Ar as the bath gas. O, was added in the discharge
flow experiments to suppress secondary chemistry and
wall reactions at high temperatures. Good agreement
between results from the two techniques was obtained.

(b)  Accepts the expression of Grotheer e al.!

Preferred Values

k=1-10"18 723 exp(—930/T) cm® molecule ' s~!
the range 298-1000 K.

over

Reliability
A log k==*0.2 over the range 2981000 K.

Comments on Preferred Values

The preferred expression is based on the results of
Grotheer et al. There are a number of other studies®~® which
appear suspect and which have not been used in this evalu-
ation. Owens and Roscoe’ wused much smaller
[C,HsOH]/[O] ratios than Grotheer ef al.' and their tech-
nique required measured values of the stoichiometry to allow
for the secondary chemistry and to derive values of k. The

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

results of Owens and Roscoe® (later reanalyzed by Ayub and
Roscoe”) give values of k similar in magnitude to those of
Grotheer et al." but the two studies give widely different val-
ues for the temperature dependence of k. It is likely that the
relative rate study of Kato and Cvetanovic,” which gives a
high value of k at 298 K, was also affected by secondary
reactions. However it is more difficult to see why Washida®
obtains a value of &k approximately a factor of 3 larger than
that of Grotheer ez al.' at 298 K.

Kato and Cvetanovic® found that the major product from
their steady state photolysis study of the reaction was 2,3-
butandiol, the dimer of the radical formed via reaction Chan-
nel (1). Similarly, from a mass-spectrometric study of the
reaction products from a number of isotopically labeled etha-
nols, Washida® concluded that at 298 K Channel (1) accounts
for 99% of the reaction. There are no kinetic studies of the
branching ratios at higher temperatures but the curvature on
the Arrhenius plot found by Grotheer ef al.' may indicate the
growth in importance of Channels (2) and (3) as the tempera-
ture is raised. This view is supported by a crossed beam
molecular beam study of Dutton ef al.” who examined the
relative importance of the H-atom abstraction at the various
sites by O atoms at relative translational temperatures of
3500 K. The results at such temperatures indicate a branch-
ing ratio for abstraction from the OH site more than twice
that from each of the CH sites (see Marinov® for a discussion
of these results).

References

'H. Grotheer, F. L. Nesbitt, and R. B. Klemm, J. Phys. Chem. 90, 2512
(1986).



EVALUATED KINETIC DATA FOR COMBUSTION MODELING 875

2J. T. Herron, J. Phys. Chem. Ref. Data 17, 967 (1988).

3C. M. Owens and J. M. Roscoe, Can. J. Chem. 54, 984 (1976).
4A. L. Ayub and J. M. Roscoe, Can. J. Chem. 57, 1269 (1979).
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Thermodynamic Data
AHqgg(1)=—67-4kJ mol ™!
AS%eg(1)=17.5TK ' mol !
K(1)=5.8-10° T7%970 exp(+7800/T)

(300<T/K<5000)

AH®q4(3)=—"7.05kJ mol "~

AS%0g(3)=37.7TK ' mol™!

K.(3)=1.32-10* T~%% exp(+460/T)
(300<T/K<5000)

See Section 3 for the source of the Thermodynamic Data.

—OH+CH,CHOOH (2)
— OH+CH,CH,00H (3)

AH®q(2)=—38.4kJ mol!

AS®%g(2)=23.0TK ! mol™!

K(2)=3.94-10° T~%7% exp(+4200/T)
(300<T/K<5000)

Rate Coefficient Data

There are no experimental data for this reaction.

Preferred Values

k=1.10-10"1 exp(—2090/T) cm® molecule™'s™!  over
the range 298-1000 K.

Reliability
Alogk==0.5 at 298 K, rising to =0.7 at 1000 K.

Comments on Preferred Values
In the reaction of O atoms with CH;OOH attack on the
alkyl group predominates. This is also expected to be the

case for C,H;OOH, where the presence of secondary H at-
oms is expected to lead to enhanced reactivity compared
with CH;O00H, and hence Channel (2) is expected to domi-
nate at ambient and slightly higher temperatures. Compari-
son of k(O+CH;0H) with k(O+C,HsOH) shows k(O
+ C,H50H) to be enhanced over k(O+ CH3;0OH) by a factor
of 10 at 300 K and a factor of 4 at 1000 K. In the absence of
experimental data for the reaction of O with C,H;OOH the
preferred expression for k has been estimated by use of
k(O+ CH3;00H) and assuming the same degree of enhance-
ment at 300 K and 1000 K that is observed for the corre-
sponding alcohols.

O+ ['CGHs']—) C0+ ['CsHs'] (1 )

Thermodynamic Data
AHqgg(1)=—436.2 kJ mol !
AS%g(1)=13.36 TK ! mol ™!
K(1)=7.02-10> T~ %97 exp(+52070/T)

—[-CsHs--CO+H  (2)

AHqg5(2)=—232.3 kJ mol !
AS%95(2)=19.1JK " mol !
K (2)=5.17-10"2 7' exp(+27900/T)

(300=<T/K=<15000) (300=<T/K=<15000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ki+ k)
k/em® molecule ™! 57! T/K Reference Comments
Rate Coefficient Measurements
(15-1.8)-1071° 1050-1500 Frank et al., 1994! (a)

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005
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Comments

(a)  Shock tube study using measurements behind reflected
shock waves. Phenyl radicals were generated by de-
composition of nitroso- or iodobenzene. [O] measured
by ARAS. [O] profile simulated with a Kinetic model;
the position of the maximum [O]; was found to be
sensitive to the reactions C¢Hs+ O,—C¢HsO+ O and
CgHs+ O— products.

Preferred Values

k=1.7-10""° ¢cm? molecule ™' s7!

1500 K.

over the range 1050-

Reliability
Alog k=%0.3 over the range 1050-1500 K.
Comments on Preferred Values

The only published study to date is that of Frank e al.!
We therefore accept the average of the range reported with

wide error limits. The high rate coefficient agrees with an
unpublished value® determined at room temperature, k=1
-1071% cm® molecule ™' s 7!

Since this is a radical-radical reaction no entrance barrier
for the reaction is expected and, therefore, the high rate co-
efficient observed seems plausible. The reactants probably
form an excited phenoxy radical adduct which isomerizes to
generate the products. According to Frank ez al.,' there is a
barrier of at least 200 kJmol~' in Channel (2) relative
to Cyclopentadienyl+ CO, so that k(E)>k,(E); thus
it is likely that the reaction proceeds almost entirely by
Channel (1).

References

'P. Frank, J. Herzler, Th. Just, and C. Wahl, 25th Symp. (Int.) Combustion,
1994, p. 833.

2K. Hoyermann (University of Gottingen, Germany, private communica-
tion, 1993).

O+[-CgHg-1(+ M)—[-CgH5-]-OH(+M) (1)

—[-CeH5-]-O+H(+M) (2)

O+[-CgHg-]— OH+[-C¢Hs-] 3)

Thermodynamic Data
AH®qgg(1)=—428.1 kJ mol ™!
AS%gs(1)=—1153TK ™! mol ™!
K(1)=9.57-107% T'%° exp(+51490/T) cm? molecule™'

AH%g(2)=—59.96 k] mol !
AS%g5(2)=—3.55TK ! mol™!
K(2)=7.4-10"2 T**! exp(+7075/T)

(300<T/K<5000) (300<T/K<3000)
AH®q4(3)=43.4 kJ mol ™!
AS%g5(3)=42TK ! mol ™!
K(3)=2.48-10* T~% exp(—5590/T)
(300<T/K<5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ ko+ k3)
k/cm® molecule ™' 5! T/K Reference Comments
Rate Coefficient Measurements
2.5-107 " exp(—2768/T) 883-963 Mkryan, Oganesyan, and Nalbandyan, 1971 (a)
ky=5.3-10"""exp(—3019/T) 1300-1700 Fujii and Asaba, 19722 (b)
24-10" 300 Atkinson and Pitts, 1974° (c)
1.8-10™ " exp(—2214/T) 298-462 Colussi et al., 1975* (d)
1.8-107 " exp(—2003/T) 299-392 Atkinson and Pitts, 1975 (d)
1.7-10" " exp(—2010/T) 299-440 Atkinson and Pitts, 1975° (e)
4.6-107 " exp(—2470/T) 208867 Nicovich, Gump, and Ravishankara, 19827 ()
k3=5.3-10" "% exp(—3020/T) 1600-2300 Hsu, Lin, and Lin, 19848 (2)
3.5-107 " exp(—2550/T) 300-670 Tappe, Schiephake, and Wagner, 1989’ (h)
k;=4.0-10" " exp(—2350/T) 12001450 Leidreiter and Wagner, 1989'° (i)
k;=5.4-10""exp(—2611/T) 600-1300 Ko, Adusei, and Fontijn, 1991 ()
Reviews and Evaluations
5.9-1072 138 exp(—473/T) 300-2000 CEC 1992; 19942 (k)
ky=3.7-10" " exp(—2280/T) 298-1400
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(d)
(e)

(f)

(2)

(h)

(i)

()

(k)
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Comments

Evaluation of an overall rate coefficient from a flow
reactor study.

Single-pulse shock tube study to investigate the kinetic
behavior of benzene/argon mixtures containing small
amounts of oxygen. Gas chromatographic analysis of
stable products and absorption/emission measurements
0,, CO, CH,, C,H,, C,H,, and [-C4H4-] during
course of reaction.

Pulse radiolysis with product analysis by gas chroma-
tography. O atoms generated from radiolysis of CO,
and NO, at high pressures. Rate coefficient derived
from absorption profiles of transient species.

Phase shift-O+ NO chemiluminescence. O atoms gen-
erated by Hg photosensitized decomposition of NO, .
Flash-photolysis resonance fluorescence study. O at-
oms generated by pulsed vacuum ultraviolet (VUV)
photolysis of O, and NO.

Flash-photolysis resonance fluorescence study. O at-
oms generated by pulsed VUV photolysis of O,.
Shock tube study behind reflected shock waves under
fuel lean conditions. CO production monitored with a
stabilized cw CO laser. [CO] profile fitted with a 25-
step reaction mechanism. The rate coefficient for Chan-
nel (2) was taken from Fujii and Asaba.

Flow reactor study. O atoms generated by microwave
discharge of O,. O atom in 32-80 fold excess. [O]
determined by mass spectrometry. Experiments con-
ducted over the pressure range 2.4—11.6 mbar and tem-
perature range 300—870 K. For 7>670 K strong up-
ward curvature of the Arrhenius plot is observed, the
authors therefore recommended a rate expression only
to 670 K.

Shock tube study. O atoms generated from decomposi-
tion of (6—25 ppm) ozone in the presence of low con-
centrations of benzene (100-160 ppm). O atoms moni-
tored by ARAS at 130.5 nm.

High temperature fast flow reactor study. O(°P) was
generated by 193 nm photolysis of SO, and monitored
by resonance fluorescence in excess of benzene. The
results for the rate of removal of O(’P) are consistent
with low temperature data and with the results of Lei-
dreiter and Wagner.'® It was concluded that the same
reaction channel is dominant up to 1400 K.

See Comments on Preferred Values.

Preferred Values

(ky+ky)=3.7-10" " exp(—2280/T) cm? molecule 's™!
over the range 298-1400 K.

877

Reliability
A log(k; +k,)==0.3 over the range 298—1400 K.

Comments on Preferred Values

There are a number of studies on benzene oxidation in the
lower temperature range, up to about 900 K. The preferred
values for (k;+k,) remain unchanged from our previous
evaluation'”> and are based on the data of Atkinson and
Pitts,>>®  Colussi et al,* Nicovich, Gump, and
Ravishankara,” Tappe, Schliephake, and Wagner,” and Lei-
dreiter and Wagner.10 The data of Ko, Adusei, and FontijnIl
determined over the temperature range 600—1300 K are in
close agreement with the recommended expression, and the
lower temperature data of Mani and Sauer'> and Bonnano
et al.'* are also in reasonable agreement.

The addition of O(*P) to benzene is highly exothermic
and there are a number of possible decomposition channels
for the adduct. Experimental information on the likely prod-
ucts is very limited but ab initio calculations by Hodgson
et al.’® suggest that formation of C4HsO+H, CsHsCHO,
and CsHs+ CHO are the most likely. In a flow reactor study
performed at 405 K and low pressures, Bajaj and Fontijn'®
have found that the main products are phenoxy radicals and
H, whereas phenol is a minor product.

In the figure we show additionally the data points of Mky-
ran, Oganesyan, and Nalbandyan,' Fujii and Asaba,” and Hsu
et al.® These data are based upon rather crude models of
benzene oxidation. Whether there is a contribution of Chan-
nel (3) at high temperatures cannot be stated, due to the
present lack of a sound kinetic basic for reactions at tempera-
tures > 1400 K.
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O+[-CgHs-]-0—[CeH,]-1,2-(0)+H (1)

Thermodynamic Data
AH®qg(1)=—183.4 kJ mol ™!
AS%gg(1)=—23.4TK ! mol ™!
K.(1)=1.88-1072 T%1% exp(+22080/T)

—[CeH4l-1,4-(0),+H  (2)
—CO0,+[-CgH5-] 3)

AH%gg(2)=—201.8 kJ mol !
AS%95(2)=—26.6 T K~ ! mol~!
K (2)=2.72-1072 T%07 exp(+24260/T)

(300=T/K=4000) (300=T/K=4000)
AH®q4(3)=—435.8 kJ mol '
AS%eg(3)=—449TK "mol !
K.(3)=1.36-10"3 773! exp(+50414/T)
(300=T/K=3000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ kp+ k)
k/cm?® molecule™ " 57! T/K Reference Comments
Rate Coefficient Measurements
2.8-1071° 295 Buth et al., 1994! (a)
Comments relative rate coefficient to include the value of the rate coef-

(a) Measurements in a dual discharge-flow reactor at low
pressures of ~1-5mbar. O atoms were generated
from highly dilute O,/He mixtures. Phenoxy radicals
were generated by the reaction [-CgHs-|-OH+ Cl; Cl
atoms were generated in a microwave discharge of
Cl, /He mixtures and the products were analyzed by
molecular-beam sampling-mass spectrometry. The rate
coefficient was measured relative to k(O+C,H;
—products) =2.2- 10~ 10 ¢m?® molecule ™! s7! (this
evaluation).

Preffered Values

k=2.8-10""'" cm® molecule ' s~ over the range 295-
1500 K.

Reliability
Alog k==%0.3 over the range 295-1500 K.

Comments on Preferred Values
The only published experimental data for this reaction are
those of Buth er al.! at 295 K. We have revised the reported

ficient for the reference reaction k(O+ C,H;) recommended
in this evaluation. This radical-atom reaction is rapid, Chan-
nels 1-3 are exothermic, and the rate coefficient is unlikely
to be appreciably temperature dependent.

Quinones, CsHs, and CO, were detected as products. The
isomeric form of the quinones could not be distinguished,
product recovery was poor (35%), and therefore a branching
ratio could not be given by the authors. However, CO, ap-
peared as a minor component, and therefore it is concluded
that Channels (1) and (2) are the major channels. This con-
clusion agrees with the potential energy surface calculated by
Lin and Mebel.? The reactants may react to form an adduct in
a barrierless reaction which may isomerize to yield the prod-
ucts of Channels (1) and (2), whereas there is a substantial
barrier (about 60 kJ mol™!) to formation of the adduct which
leads to CO, production [Channel (3)].
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O+[-C¢H5-]-OH— Products

Rate Coefficient Data

k/cm® molecule ™! s ! T/K Reference Comments
Rate Coefficient Measurements

2.82- 107" exp(—1540/T) 298-870 Koch, Stucken, and Wagner, 1992' (a)
Reviews and Evaluations

2.1-10 " exp(— 1455/T) 292-600 CEC, 1992; 1994% (b)

Comments
Comments on Preferred Values

The preferred value is based on the revised data of Koch,
Stucken, and Wagner.! The upward curvature apparent in the
earlier study® has been corrected by a reinterpretation of the
earlier data. The recommendation now covers the full tem-
perature range of the experimental studies.'?

(a) Flow reactor study in He bath gas at pressures between
2.3 and 5.0 mbar. O atoms generated by discharge in
O, /He mixtures. O atoms monitored by mass spec-
trometry. Data of Frerichs e al.® reanalyzed and in-
cluded in determining k. Supersedes study of Frerichs
et al.’?

(b) Preferred value based on the data of Frerichs er al.?

Preferred Values References

k=2.82-10""exp(—1540/T) cm® molecule 's™! over

the range 208870 K. IR. Koch, D. K. Stucken, and H. G. Wagner, 24th Symp. (Int.) Combustion,

1992, p. 675.
o 2CEC, 1992; Supplement I, 1994 (see references in Introduction).
Reliability 3H. Frerichs, R. Koch, V. Schiepake, M. Tappe, and H. G. Wagner, Z. Phys.
Alog k==0.3 over the range 298-870 K. Chem. N.F. 166, 145 (1990).

O+ ['C6H5']'CH2—) HCO+ [-CGHG-] (1)
—[-C4H5--CHO+H (2)
—HCHO+[-CeHs-] (3)

Thermodynamic Data

AH05(1)==331.4 kI mol ™' AH 04(2)=—275.9 kI mol !

AS%g(1)=13.3TK ™" mol ™ AS®05(2)=—29.6 JK ' mol !

K(1)=1.05-10° T~ exp(+39440/T) K(2)=2.79-10"" 779380 exp(+33180/T)
(300=<T/K=<5000) (300=<T/K=<5000)

AH®q(3)=—227.7 kJ mol !

AS%05(3)=27.0 K™ mol™!

K(3)=2.17-10" T~ 25 exp(+26940/T)
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data (k= ki+ i+ k3)

k/cm® molecule™! 57! T/K Reference Comments

Rate Coefficient Measurements
ky=1.7-10"1" 1700-2800 McLain, Jachimowski, and Wilson, 1979! (a)
(ky+ky)=55-10"1° 298 Bartels, Edelbuettel-Einhaus, and Hoyermann, 1988> (b)

Reviews and Evaluations
(ky+ky)=55-10""0 298 CEC, 1992; 19943 (c)
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Comments

(a) Investigation of benzene and toluene/oxygen/argon
mixtures behind incident shock waves by monitoring
UV and IR emission of CO, CO,, and the product
[O]-[CO]. Rate coefficient for channel (2) estimated
from reaction model.

(b) Reactions of benzyl with H, O and O, were studied at
low pressures (around 1 mbar) in a multiple discharge
flow reactor by a molecular beam sampling technique
and mass spectrometric detection. The rate coefficient
(ky+k,) was determined relative to k(O+ CH;)=1.4
107" ¢m® molecule ™' s ! (this evaluation).

(¢) See Comments on Preferred Values.

Preferred Values

(ky+ky)=5.5-10"1" cm® molecule ™' s~ ! at 298 K.

Reliability
A log(k,+ky)=%+0.3 at 298 K.

Comments on Preferred Values

The high temperature data have been obtained by an indi-
rect method and are too uncertain to allow a recommendation
to be based on them. The room temperature value has been
measured under isolated conditions at low pressures, which
show that Channels (1) and (2) are of comparable probabil-

1ty.

References

'D. C. McLain, C. J. Jachimowski, and C. H. Wilson, NASA TP-1472,
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2M. Bartels, J. Edelbuettel-Einhaus, and K. Hoyermann, 22nd Symp. (Int.)
Combustion, 1988, p. 1041.

3CEC, 1992; Supplement I, 1994 (see references in Introduction).

0+[-CgHs-]-CHa(+ M)—[-CgH,-]-1-OH; 2-CHy(+ M) (1)

—[-CgH4-]-1-OH;4-CH3(+M) (2)

—[-CgHs-1-OCH3(+M) 3
0+ ['CGHs']'cH3—)OH+['CGH5']'CH2 (4)
—)0H+['C6H4']'CH3 (5)

Thermodynamic Data
AH®qg(1)=—428.3 kJ mol ™'
AS%0s(1)=—128.6 TK™ ' mol™!
K(1)=2.40-10"%" T%413 exp(+51130/T) cm? molecule ™!
(300=<T/K=<5000)

AH®q5(3)=—367.6 kJ mol !

AS%g(3)=—130.0 K "mol !

K(3)=2.78-107%" T'3!" exp(+44300/T) cm® molecule ™'
(300<T/K<5000)

AH q(5)=43.3 kI mol !

AS%05(5)=30.7TK™ ! mol™!

K(5)=4.92-10° T~ %2 exp(—5560/T)
(300<T7/K<5000)

See Section 3 for the source of the Thermodynamic Data.

AHCqg5(2)=—424.5kJ mol !

AS%05(2)=—130.5T K™ ' mol™!

K (2)=7.32-10730 7168 exp(+51140/T) cm® molecule™"
(300=<T/K=<5000)

AHqg4(4)=—54.7kI mol ™!

AS%0g(4)=21.6 T K ' mol !

K (4)=13.66 T*3* exp(+6310/T)
(300<T/K<5000)

Rate Coefficient Data (k= kq+ ky+ k3+ k;+ ks)

k/cm® molecule ™! 5! T/K Reference Comments

Rate Coefficient Measurements
2.4-107 " exp(—1640/T) 393-495 Jones and Cvetanovic, 1961' (a)
1.3-107 1 303 Grovenstein and Mosher, 1970 (b)
7.5-1071 300 Atkinson and Pitts, 1974* (c)
3.8-10 ! exp(—1942/T) 298-462 Colussi et al., 1975° (c)
1.4-10" " exp(—1560/T) 299-392 Atkinson and Pitts, 1974° (c)
8.3-10™ 2 exp(—1359/T) 373-648 Furuyama and Ebara, 19757 (d)
1.6- 10~ " exp(—1535/T) 299-440 Atkinson and Pitts, 19798 (e)
1.7-107 0 exp(—3625/T) 1700-2800 McLain, Jachimowski, and Wilson, 1979° ()
4.3-10" " exp(—1910/T) 298-932 Nicovich, Gump, and Ravishankara, 1982'° ()
2.8-107 " exp(—1770/T) 305-873 Tappe, Schliephake, and Wagner, 1989'! (h)
5.1- 10 ' exp(—2000/T) 1100-1350 Hoffmann, Klatt, and Wagner, 1990'? )
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k/cm® molecule ™! s™! T/K Reference Comments
Reviews and Evaluations

5.3-107 15 712! exp(— 1260/T) 298-2800 CEC, 1992; 19943 ()

(a)

(b)

(©)
(d)

(e)
(f)

(2)
(h)

(i)

()

k:

Comments

O atoms generated from Hg photosensitized
decomposition of N,O. k determined relative
to  k(O+[-CsHg-1)=2.4-10" 2 exp(—1640/T) cm?
molecule s~ ! evaluated by Cvetanovic.”

Same method as in (a). k determined relative
to k(O+[-CgHg-1)=5.9-10"2 133 exp(—473/T)
cm?® molecule ™! s™! (this evaluation).

Phase shift-O+NO chemiluminescence. O atoms gen-
erated from Hg photosensitized decomposition of N,O.
Microwave discharge-fast flow reactor. O atoms gener-
ated by the reaction N+ NO. Products analyzed by gas
chromatography.

Flash photolysis-resonance fluorescence. O atoms gen-
erated by VUV photolysis of O, and NO.

Incident shock wave investigation of the oxidation
mechanism of [-C¢Hg-1/0, /Ar and
[-C¢Hs-]-CH;3/0,/Ar mixtures by monitoring UV
and IR emission of CO, CO,, and the product [O]
-[CO]. Arrhenius expression for Channel (1) by com-
parison with data for benzene.

Flash photolysis-resonance fluorescence study. O at-
oms generated by VUV photolysis of O,.

Low pressure discharge flow experiments with molecu-
lar beam sampling and mass spectral analysis of reac-
tants and products.

Shock tube study behind incident shock waves. O at-
oms generated by pyrolysis of 10—20 ppm ozone in
presence of 290—-360 ppm toluene in Ar bath gas. O
atom concentration determined by VUV absorption at
131.5 nm. OH production monitored by laser absorp-
tion at 308.417 nm and corrected for benzyl radical
absorption by estimating benzyl radical concentration
from computer fit. Rate coefficient extracted by fitting
with a 23-step mechanism. Data combined with those
of Nicovich, Gump, and Ravishankzura,'0 Colussi
et al.,’ and Tappe, Schliephake, and Wagner'' to derive
rate expression given in table.

Preferred value based on the data of Refs. 1-10, and
14. See also Comments on Preferred Values.

Preferred Values

5.3-1071 T2 exp(—1260/T) cm® molecule™ s~ !

over the range 298-2800 K.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

Reliability
Alogk==*0.1 at 298 K, rising to =0.3 at 2800 K.

Comments on Preferred Values

The preferred expression for k remains unchanged from
our previous evaluation. The data of Hoffmann, Klatt, and
Wagner'? confirm the value of the rate coefficient at high
temperatures from the previous evaluation which was based
solely on the value estimated by McLain, Jachimowski, and
Wilson'® from modeling a complex reaction system. We have
adjusted the error limits of the preferred values accordingly.
All of the available experimental data are in good agreement
except the room temperature value of Mani and Sauer'*
which is a factor of 3 greater than the recommendation.

Hoffmann, Klatt, and Wagnelr'2 found that the OH
radical yield accounted for approximately 10% of the overall
reaction at 1300 K  with (k,;+ks)=1.0-10"1
cm® molecule ™ 's™! over the range 1150-1350 K. The
branching ratio k5/k, is estimated to be 0.1 based on ther-
modynamic considerations. The contributions of Channels
(4) and (5) are small under normal combustion conditions.
Cresols are the most probable products generated by O atom
insertion into the aromatic C-H bonds [channels (1) and (2)].
At combustion temperatures such cresols are most likely to
decompose to generate H atoms and methylphenoxyl radi-
cals.
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0+[-C4Hs-]-CHO— OH+[-C¢H5-]-CO A)

—OH+[-C¢H,--CHO )

O+[-C¢H5-]-CHO(+M)—[-CgH,4-]-(CHO)(O)(+M)  (3)

Thermodynamic Data
AH%gg(1)=—54.1kJ mol !
AS%0(1)=26.4TK ' mol™!
K.(1)=1.85-10> T~ %1 exp(+6180/T)

AH®qg(2)=52.4 kI mol !
AS%05(2)=161.443 JK~ ! mol ™!
K(2)=5.44-107 T~ 2% exp(—1750/T)

(300=<T7/K=5000) (300=<T7/K=5000)
See Section 3 for the source of the Thermodynamic Data.
Rate Coefficient Data (k= ky+ ko+ k3)

k/cm? molecule™! 57! T/K Reference Comments
Rate Coefficient Measurements

48-107 1 298 Filby and Gusten, 1978' (a)
Reviews and Evaluations
1.1- 10" " exp(—910/T) 2981500 CEC, 1994? (b)

Comments

(a) Discharge flow technique with time resolved EPR de-
tection of O atoms in excess benzaldehyde. Total pres-
sure of 6.3 mbar He bath gas.

(b) See Comments on Preferred Values.

Preferred Values

k;=1.1-10""exp(—910/T) cm® molecule™ ' s~ ! over the
range 298-1500 K.

Reliability
Alogk;==0.3 at 298 K, rising to 0.7 at 1500 K.

Comments on Preferred Values
The preferred values remain unchanged from our previous
evaluation.” The only experimental kinetic data for this reac-

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

tion are at room temperature. The k value is essentially iden-
tical to that for the reaction of O atoms with acetaldehyde,
indicating that the main channel is H abstraction from the
carbonyl group. The preferred rate expression applies to
Channel (1) and is based on the room temperature
measurements' and the temperature dependence for O
+ CH;CHO (see this evaluation). There is no direct informa-
tion on the alternative channels [(2) and (3)] in which O
attacks the aromatic ring. The importance of these channels
can be assessed from the O+[-C¢Hg-] reaction. Applying
the recommended expression from this evaluation of k(O
+[CeHg])=1.42-10" T*82 exp(—1280/T) cm® molecule ™!
s~ ! to the other channels, (k,+ k) is approximately a factor
28 lower than k; at 298 K but they become equal at 750 K.

References

'w. G. Filby and H. Gusten, Atmos. Environ. 12, 1563 (1978).
2CEC, Supplement I, 1994 (see references in Introduction).
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O+[-CgHy-1-1,4-(CHy)o(+ M)—[-CeH3-]-1-(OH);-2,5-(CH;)(+ M) - (1)

—[-C¢Hy-]-1-(OCH3);-4-CH3(+M)  (2)

O+[-CgHy-]-1,4-(CHy),— OH+[-CeHy-]-1-(CH,);-4-(CHy)  (3)

Thermodynamic Data
AH®qg(1)=—425.9 kI mol !
AS%og(1)=—118.3TK ' mol™!
K (1)=4.14-10732 T'9% exp(+51910/T) cm? molecule ™!
(300=<T/K=<5000)

AH®qg(3)=—54.3 kJ mol ™!

AS%eg(3)=11.9TK ' mol !

K.(3)=131-10"* T'3 exp(+7190/T)
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

AHqg5(2)=—317.2kJ mol ™!

AS%0g(2)=—119.0 K™ ' mol™!

K(2)=5.06-10"% 7228 exp(+45430/T) cm? molecule ™!
(300=<T/K=<5000)

Rate Coefficient Data (k= ki+ o+ k3)

k/cm? molecule s ! T/K Reference Comments
Rate Coefficient Measurements
1.8-107 1 300 Atkinson and Pitts, 1974! (a)
1.3-10" " exp(—1280/T) 299-392 Atkinson and Pitts, 1975% (a)
3.9-10 ' exp(—1540/T) 298-600 Nicovich, Gump, and Ravishankara, 19823 (b)
4.3-10" " exp(—1540/T) 298-868 Frerichs et al., 1989* (c)
Reviews and Evaluations
5.1-107 " exp(—1630/T) 298-600 CEC, 1992; 1994° (d)

Comments

(a) Phase shift in modulated photolysis followed using O
+ NO chemiluminescence. O atoms generated from Hg
photosensitized decomposition of N,O. Total pressure
72 mbar.

(b) Flash photolysis-resonance fluorescence study. O at-
oms generated by pulsed photolysis of O, in N, or Ar
diluent at 76 mbar total pressure.

(c) Flow reactor study. O atoms generated by microwave
discharge in O, ; [O] in 45—172 fold excess. Total pres-
sures in the range 2.2—4.5 mbar. [O] determined by
mass spectrometry.

(d) Preferred values based on the data of Refs. 1-4 and the
review of Cvetanovic.® See Comments on Preferred
Values.

Preferred Values

k=5.1-10""exp(—1630/T) cm® molecule ' s~ ! over the
range 298-1000 K.

Reliability
Alog k==*+0.3 over the range 298-1000 K.

Comments on Preferred Values

The preferred values remain unchanged from our previous
evaluation and are based on the experimental data of Atkin-
son and Pitts,l‘2 Nicovich, Gump, and Ravishankara,3 and
Frerichs ef al.* The room temperature value of Mani and
Sauer’ is considerably higher than other room temperature
determinations of k and has not been included in deriving the
preferred expression. The recommended values are restricted
to 7<<1000 K; at higher temperatures the results of Nicov-
ich, Gump, and Ravishamkara,2 and Frerichs et al.* indicate
an upward curvature of the Arrhenius plot, which requires
further investigation. Channels (1)—(3) are exothermic and,
by analogy with the reaction O+[-CgHs-]-CH;, Channel
(1) is the most probable product channel.

References
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O+ ['CGH5']'C2H5—>OH+ ['CGHS']'CHCH3

Thermodynamic Data
AH®qgs=—70.7 kJ mol !
AS%os=1.53TK ' mol™!
K.=4.01-10"" 79213 exp(+8460/T)
(300=<T/K<3000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! s™! T/K Reference Comments
Rate Coefficient Measurements

3.7-107 " exp(—1912/T) 298875 Frerichs ez al., 1991 (a)
Reviews and Evaluations

2.8-10" " exp(—1840/T) 298-600 CEC, 1992; 1994* (b)

Comments

(a) Flow reactor experiments with 2.9—-4.9 mbar He carrier
gas. O atoms generated by microwave discharge, ethyl
benzene concentration monitored by mass spectrom-
etry. O atom concentration in excess over ethyl ben-
zene. Supersedes the study of Tappe ef al.® by the same
technique.

(b) Preferred value based on the data of Tappe ef al.?
which, at 300 K, is in reasonable agreement with the
data of Grovenstein and Mosher.*

Preferred Values

k=3.7-10"" exp(—1910/T) cm?® molecule™ ' s ! over the
range 298-900 K.

Reliability
Alogk==*0.2 over the range 298-900 K.

Comments on Preferred Values
In an earlier study by Tappe ef al.® non-Arrhenius behav-
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ior was observed at 7>700 K. The data obtained in the later
study of Frerichs ef al.,' with an improved flow reactor tech-
nique, are more accurate and do not exhibit non-Arrhenius
behavior at higher temperatures. We take the more recent
data of Frerichs er al.! as the basis of our preferred values.
The earlier study of Grovenstein and Mosher” is also in rea-
sonable agreement but the value of Mani and Sauer’ is un-
acceptably high. The products of this reaction are not known.
The H-atom abstraction reaction, above, is energetically the
most exothermic channel and is assumed to be the major
reaction pathway but there is no experimental evidence to
support this.

References

'H. Frerichs, D. V. Stucken, M. Tappe, and H. Gg. Wagner, Z. Phys. Chem.
N. F. 174, 1 (1991).

2CEC, 1992; Supplement I, 1994 (see references in Introduction).

3M. Tappe, V. Schliephake, and H. Gg. Wagner, Z. Phys. Chem. N. F. 162,
129 (1989).

4E. Grovenstein and A. J. Mosher, J. Am. Chem. Soc. 92, 3810 (1970).

31. Mani and M. C. Sauer, Adv. Chem. Ser. 82, 142 (1968).
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02+ CH4—> H02+ CH3

Thermodynamic Data
AH®=235.9 kJ mol !
AS%0s=31.9TK ' mol ™!

K =85.4 T~ exp(—28580/T)
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

1 1

k/cm® molecule™' s~ T/IK Reference Comments
Rate Coefficient Measurements

No direct experimental measurements have been made.
Reviews and Evaluations

3.4-107 M exp(—19600/T) 500-2000 Walker, 1975 (a)

6.6- 10" exp(—28630/T) 500-2000 CEC, 1992; 1994* (b)

Comments

(a) Based on the experimental value of k(O,+HCHO)
=3.4-10"2% cm® molecule ' s~ ! at 773 K by Baldwin
etal.,> which was effectively 3.4-10""exp
(—AH/T) cm® molecule ! s™!. Assuming equal A fac-
tors the expression for k& was calculated using the then
available thermodynamic data. This expression is also
recommended by Tsang and Hampson.4

(b) Derived using the method of Walker' [see Comment
(a)] using more recent thermodynamic data.

Preferred Values

k=8.1-10"" 7% exp(—26370/T) cm? molecule ! s !
over the range 500-2000 K.

Reliability
Alog k==*0.5 over the range 500—1000 K, rising to =0.7
at 2000 K.

Comments on Preferred Values

The preferred expression for k is an estimate based
on the expression k=8.1-10"" 7%%exp(—26370/T)
cm’ molecule™ ' s~ ! for the rate constant of the reaction O,
+ HCHO— HO, + CHO, which is recommended on the basis
of reliable experimental studies at low and high temperatures
(this evaluation).

The energy barrier for the O,+HCHO reaction is
13.7 kJ mol ! lower than the enthalpy of reaction. This same
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difference is applied, with the same 723 dependence, in ar-
riving at the expression for k£ for O,+ CH,. These terms are
combined with an A factor adjusted for the differences in
path degeneracies for the two reactions.

Zhu and Lin® have modeled the reverse reaction using ab
initio molecular orbital theory and variational RRKM theory,
deriving expression for k_; over the range 300-2000 K.
Their finding of a ‘“negative activation energy”’ of
15.6 kImole” ! are consistent with the energy difference
used in our estimate, and combining their theoretical values
with the thermodynamic data gives values of k within a fac-
tor of ~3 over the range 500—2000 K. There is further sup-
port for our preferred expression from the study of Reid
et al.® who required values of k similar to our preferred val-
ues to model the ignition of CH,/air mixtures, as did Hidaka
et al.” in modeling some features of their shock tube study
on CH, pyrolysis and oxidation at temperatures of 1350—
2400 K.

References

'R. W. Walker, in Reaction Kinetics, edited by P. G. Ashmore, Specialist
Periodical Rep. (The Chemical Society, London, 1975), Vol. 1, p. 161.

2CEC, 1992; Supplement I, 1994 (see references in Introduction).

3R. R. Baldwin, A. R. Fuller, D. Longthorn, and R. W. Walker, J. Chem.
Soc. Faraday Trans. 1 70, 1257 (1974).

4W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 11087 (1986).

’R. Zhu and M. C. Lin, J. Phys. Chem. A 105, 6243 (2001).

. A. B. Reid, C. Robinson, and D. B. Smith, 20th Symp. (Int.) Combus-
tion, 1984, p. 1833.

7Y. Hidaka, K. Sato, Y. Henmi, H. Tanaka, and K. Inami, Combust. Flame
118, 340 (1999).
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0,+HCHO—HO,+HCO

Thermodynamic Data
AH®g5=165.3 kJ mol !
AS%95=29.5 T K ! mol ™!
K.=1.08-10> T~ %12 exp(—20050/T)
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! 57! T/K Reference Comments
Rate Coefficient Measurements
3.4-10" " exp(—19580/T) 713-813 Baldwin et al., 1974 (a)
7.5-107 " exp(—20630/T) 878-952 Vardanyan et al., 1975° (b)
2.04-107'8 T3 exp(—26170/T) 1160—1890 Hidaka et al., 1993 (c)
4.8-107% exp(—28476/T) 1608-2091 Michael et al., 1999* (d)
1.6- 107 exp(—40940/T) 1633-2027 Michael et al., 2001° (e)
Reviews and Evaluations
6.7-107 " exp(—20100/T) 650-900 Walker, 1975° ()
3.4-107 " exp(—19600/T) 300-2000 Tsang and Hampson, 1986’ (2)
1.0- 107 1% exp(—20460/T) 700—1000 CEC, 1992; 19948 (h)

Comments

(a) Oxidation of HCHO was studied using HCHO/O, /N,
mixtures in KCI coated vessels under conditions where
the chain length of the reaction is close to unity. The
[CO] was monitored as a function of time by gas chro-
matography and the products were tested for the pres-
ence of CO, and H,0,. Values of k were derived by
computer modeling of the data using a detailed mecha-
nism.

(b) Thermal oxidation of HCHO studied. The expression
for k is cited from earlier work published in the Arme-
nian Chemical Journal.’

(c) Shock tube study of the pyrolysis and oxidation of
HCHO using HCHO/O, / Ar mixtures at total pressures
in the range 1.4-2.5 bar. Two shock tubes were used,
one equipped to monitor [HCHO] behind reflected
shocks by time-resolved IR laser absorption at 3.39
pm, and the other employing time resolved IR emis-
sion at 3.48 um to monitor [HCHO]. Values of k were
derived by modeling the induction periods, and the
changes in [HCHO] with time, using a detailed reaction
mechanism.

(d) Shock tube study of the reaction CH;+ O, behind re-
flected shock waves using CH31/0, /He mixtures at to-
tal pressures of 8—16 mbar. [O] was monitored by
ARAS. The reaction O,+HCHO was required to
model the [O] at long reaction times and values of k
were obtained by modeling the [O] profiles.

(e) Shock tube study using reflected shocks in trioxane as
the source of the HCHO. [O] was monitored by ARAS.
Mixtures highly dilute in HCHO were used so that sec-
ondary reactions made little contribution. Good agree-
ment was obtained with the results of their previous
study” particularly at high pressures. Ab initio calcula-

tions confirmed that the only products are HO,
+CHO and gave the expression k=4.49
210720 7292 exp(—18692/T) cm® molecule ™ 's™! (see
Comments on Preferred Values).

(f) Based on the data of Ref. 1. Arrhenius parameters for
the general reaction RH+ O, —R+HO, are derived by
taking E=AH® and an A factor adjusted to fit the ex-
perimental value of k=3.4-10"2% cm® molecule ! 5!
at 773 K. Accuracy is estimated to be * a factor of
2—4 in the temperature range 650—900 K.

(g) Accepts the expression of Baldwin er al.'

(h) Expression derived using the method of Walker® using
the then accepted AH® and an A factor adjusted to fit
the value of k=3.4-10"% cm® molecule ™' at 773 K
from Ref. 1.

Preferred Values

k=4.05-10"" 725 exp(—18350/T) cm® molecule ' s™!
over the range 600-2500 K.

Reliability
Alogk==0.3 at 600 K rising to =0.5 at 2500 K.

Comments on Preferred Values

The preferred expression in our previous evaluations was
based® on the results of Baldwin er al.' covering the range
713-813 K, which were considered reliable. Since then there
has been a shock tube study of the reaction by Hidaka et al.®
over the range 1120-1890 K and the studies of Michael
et al.*® Hidaka er al.> showed that their results at 1250 K
could be satisfactorily modeled using the expression ob-
tained by Baldwin eral' but at higher temperatures
(~1590 K) much higher values of k than predicted by the
expression of Baldwin ef al.' were needed. The expression
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given by Hidaka et al.® with its high temperature dependence
is, however, incompatible with the experimental data of both
Baldwin ef al.' and of Michael et al.*> The values of k ob-
tained in the later of the two studies of Michael et al.** are
considered the more reliable because of the more direct na-
ture of the technique, but the authors point out the possibility
of contributions from HCHO decomposition at the highest
temperatures used, tending to increase values of k, and this
may be relevant to the high value of E/R obtained in their
later study.’

The preferred expression is based on the results of Bald-
win ef al.' and Michael er al.*> The theoretical expression
derived by Michael er al.’ [see Comment (e)] gives an excel-
lent fit to the results of Baldwin ez al.' but favors only the
highest temperature results of Michael er al.* In contrast
our previously recommended expression fits the results of
Baldwin er al.' and the lowest temperature results of Michael
et al.,*> seriously underestimating those above 1750 K. The
preferred expression is an optimum fit to the data of both

Baldwin ef al.' and of Michael e al.*> but differs substan-
tially from that of Hidaka er al.?

References

'R. R. Baldwin, A. R. Fuller, D. Longthorn, and R. W. Walker, J. Chem.
Soc. Faraday Trans. 1 70, 1257 (1974).

21 A. Vardanyan, G. A. Sachyan, and A. B. Nalbandyan, Int. J. Chem.
Kinet. 7, 23 (1975).

3Y. Hidaka, T. Taniguchi, H. Tanaka, T. Kamesawa, K. Inami, and H.
Kawano, Combust. Flame 92, 365 (1993).

4J. V. Michael, S. S. Kumaran, and M.-C. Su, J. Phys. Chem. A 103, 5942
(1999).

3J. V. Michael, M.-C. Su, J. W. Sutherland, D. C. Fang, L. B. Harding, and
A. F. Wagner, Abstract 4-B03 “Work in Progress” Posters, 28th Symp.
(Int.) Combustion, 2001.

®R. W. Walker, in Reaction Kinetics, edited by P. G. Ashmore, Spec. Per.
Reports (The Chemical Society, London, 1975), Vol. 1, p. 165.

"W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 1087 (1986).

8CEC, 1992; Supplement I, 1994 (see references in Introduction).

T A. Vardanyan, G. A. Sachyan, and A. B. Nalbandyan, Arm. Chem. J. 25,
281 (1972).

02+ Csz—) H02+ C2H5

Thermodynamic Data
AH®=218.4 kJ mol !
AS%0s=42.1TK ' mol ™!
K.=7.69-10% T~ %1% exp(—26430/T)
(300<T/K<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule™ ! ™! T/K Reference Comments
Rate Coefficient Measurements

No experimental measurements have been made.
Reviews and Evaluations

6.7-107 " exp(—25620/T) 500-2000 Walker, 1975 (a)

1.0- 107 1% exp(—26100/T) 500—2000 CEC, 1992; 19942 (b)

Comments

(a) Based on the experimental value of k(O,+HCHO)
=3.4-10"?* cm’ molecule” ' s~ ! at 773 K obtained by
Baldwin ef al.,> which was effectively 3.4- 107" exp
(—AH/T) cm® molecule” ' s™!. The expression for k
was calculated using the then available thermodynamic
data. This expression is also recommended by Tsang
and Hampson.*

(b) Derived using the method of Walker' [see Comment
(a)] using more recent thermodynamic data.

Preferred Values

k=121-10""8 723 exp(—24740/T) cm’ molecule ' s~
over the range 500-2000 K.
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Reliability
Alog k==*+0.5 over the range 500—1000 K, rising to = 1.0
at 2000 K.

Comments on Preferred Values

The expression for k is an estimate based on the recom-
mended expression for k(O,+HCHO) and derived in an
analogous manner to that for k(O,+ CH,), in which the ac-
tivation energy is related to the enthalpy of reaction and the
A factor is related to the number of abstractable hydrogens
(see the O,+ CH, data sheet).

References

'R. W. Walker, in Reaction Kinetics, edited by P. G. Ashmore, Specialist
Periodical Rep. (The Chemical Society, London, 1975), Vol. 1, p. 161.
2CEC, 1992; Supplement I, 1994 (see references in Introduction).

3R.R. Baldwin, A. R. Fuller, D. Longthorn, and R. W. Walker, J. Chem.
Soc. Faraday Trans. 1 70, 1257 (1974).

4W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. Data 15, 11087 (1986).
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Thermodynamic Data
AH®4g=170.8 kJ mol '
AS%0s=27.5TK " mol™!
K.=6.33-10° 77733 exp(—20950/T)
(300=<T/K<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! 57! T/K Reference Comments
Reviews and Evaluations
5.0-10™ " exp(—19700/T) 6001100 CEC, 1992; 1994! (a)

Comments

(a) Based on the previously accepted value for the reaction
enthalpy change and an assumed A factor based on the
previously recommended k(O,+HCHO).

Preferred Values

k=2.0-10"" 7% exp(—18900/T) cm?> molecule ! s !
over the range 600—1500 K.
Reliability

Alog k==%0.4 over the range 600-1000 K, rising to =0.7
at 1500 K.

Comments on Preferred Values
The only reported experimental data are obtained from

analyses of complex mechanisms and are therefore subject to
considerable uncertainty.” The preferred expression is an es-
timate based on the recommended value of k(O,+HCHO),
which is considered accurate over the range 600-2000 K
(see data sheet), by allowing for differences in reaction path
degeneracy and the small difference in the enthalpies if re-
action.

References

'CEC, 1992; Supplement I, 1994 (see references in Introduction).

2R. W. Walker and C. Morley, in Comprehensive Chemical Kinetics, Vol-
ume 35, Low Temperature Combustion and Autoignition, edited by M. J.
Pilling (Elsevier, Amsterdam, 1997).

02+ CH3OCH3—> H02+ CH3OCH2

Thermodynamic Data
AH®g5=197.6 kJ mol !
AS%95=38.5TK ! mol™!
K.=5.85-10> T~ %1% exp(—23960/T)
(300<T/K=<15000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm? molecule™! 57! T/K Reference Comments
Rate Coefficient Measurements

No experimental measurements of £ have been made.
Reviews and Evaluations

6.8- 10~ exp(—22600/T) 650-1300 Curran et al., 1998! (a)

Comments

(a) Estimated expression based on the expression for
k(O,+ CH;0H) (modified to allow for reaction path
degeneracy) derived by Tsang® using the estimation
method of Walker.? Used by Curran ez al.! in a model-
ing study of CH;OCHj; oxidation

Preferred Values

k=121-10""8 723 exp(—22240/T) cm® molecule ' s™!
over the range 500—-2000 K.

Reliability

Alog k==*0.5 in the range 500—1000 K, rising to =0.7 at
2000 K.

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005



892

Comments on Preferred Values

The preferred expression for k is an estimate based on the
non-Arrhenius expressions, k= AT"exp(—B/T), derived in
the present evaluation for the analogous reactions, O,
+HCHO and O, + CHy,, for which reliable experimental and
theoretical information is available. The A factor is adjusted
for path degeneracy and the activation energy is based on the

BAULCH ET AL.

enthalpy of reaction in the same way as for the O,
+HCHO and O,+ CH, reactions.

References

'H. J. Curran, W. J. Pitz, C. K. Westbrook, P. Dagaut, J.-C. Boettner, and
M. Cathonnet, Int. J. Chem. Kinet. 30, 229 (1998).

2W. Tsang, J. Phys. Chem. Ref. Data 16, 471 (1987).

3R. W. Walker, in Reaction Kinetics, edited by P. G. Ashmore, Spec. Per.
Reports (The Chemical Society, London, 1974), Vol. 1, p. 161.

Thermodynamic Data
AH 45(1)=197.0 kJ mol ™!
AS%g(1)=242TK ! mol™!
K(1)=4.32-10% T%*? exp(—23930/T)
(300<T/K<5000)

AH®q4(3)=233.3 kJ mol !
AS%05(3)=17.8 TK™ ! mol ™!
K(3)=23.49 T exp(—28040/T)
(300<T/K<5000)
See Section 3 for the source of the Thermodynamic Data.

—HO,+CH;CH,0 (3

AH®qg(2)=212.5kJ mol ™!

AS®g(2)=18.4TK ! mol™!

K.(2)=6.96-10"2 T80 exp(—25510/T)
(300<T/K<5000)

Rate Coefficient Data (k= ky+ ko+ k)

k/cm® molecule ™! s™! T/K

Reference Comments

Rate Coefficient Measurements
No experimental measurements of the rate constants have been made.

Preferred Values

k;=4.0-10"1 723 exp(—22170/T) cm® molecule™ ' s™!
over the range 500-2000 K.

k,=6.0- 1071 725 exp(—24030/T) cm® molecule ' s !
over the range 500-2000 K.

ky=2.0-10"1 723 exp(—26530/T) cm® molecule ' s~ !
over the range 500-2000 K.

Reliability

A log ky=Alog k,==0.5 over the range 500-1000 K, ris-
ing to =0.7 at 2000 K.

A log ks==*1.0 over the range 500-2000 K.

Comments on Preferred Values
The preferred expressions for k;, k,, and k5 are estimates
based on the non-Arrhenius expressions, k=AT>’

J. Phys. Chem. Ref. Data, Vol. 34, No. 3, 2005

Xexp(—B/T), derived in the present evaluation for the
analogous reactions, O,+HCHO and O,+ CH,, for which
reliable experimental and theoretical information is avail-
able. The A factor is adjusted for path degeneracy and the
activation energy is based on the enthalpy of reaction in the
same way as for the O,+HCHO and O,+ CH, reactions.
The error limits are set higher for k5 than for k; and k,
because an O-H rather than a C-H bond is broken. However,
even at 2000 K, with the expressions given, k;~20k; so
that, unless the O, pressure is extremely high, Channel (3)
will be of negligible importance compared with initiation by
C-C homolysis at such a temperature.’

References

'R. W. Walker and C. Morley, in Comprehensive Chemical Kinetics, Vol.
35, Low-Temperature Combustion and Autoignition, edited by M. J. Pill-
ing (Elsevier, Amsterdam, 1997).
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02+C3H6—>H02+ C3H5

Thermodynamic Data
AH®g=164.3 kJ mol !
AS%0s=16.93 TK™!' mol™!
K.=3.43 T3 exp(—19750/T)

(300=<T/K=<5000)

Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ™! s7! T/K Reference Comments
Rate Coefficient Measurements
3.2-107 "2 exp(—19670/T) 673-793 Stothard and Walker, 1991' (a)
Reviews and Evaluations
1-107 1% exp(—23950/T) 300-2500 Tsang, 19912 (b)
3210712 exp(—19700/T) 600-1000 CEC, 1994° (c)
Comments calculations® of the rate constant of CH;+HO,—CH,

(a) Oxidation of C3Hy was studied using C;Hg/O,/N,
mixtures in boric acid coated vessels with gas chro-
matographic analysis of the products. Conditions were
chosen so that the chain length was small. Values of k
were obtained by equating the rate of initiation to the
rate of termination which was measured directly. Minor
corrections (<20%) were made for radical branching
reactions.

(b) Estimate based on the assumption that the rate should
be similar to the rate of abstraction of secondary hy-
drogens from alkanes.

(¢) See Comments on Preferred Values.

Preferred Values

k=18-10"201%3 exp(—17980/T) cm® molecule !s™!
over the range 600—1500 K.

Reliability
Alogk==0.3 in the range 600—800 K, rising to £0.5 at
1000 K and falling back to =0.3 at 1500 K.

Comments on Preferred Values

Although only a single set of experimental data exist for
this reaction (see Table), they are in excellent agreement with
the data for the corresponding reaction with (CH;),C=CH,
which gives k[ O,+ (CH3),C=CH,—HO,
+CH,=C(CH;)CH,]=7.9-10" 2 exp(—19390/T) cm?
molecule ' s~ over the same temperature range.* The deri-
vation of the preferred values also reflects the fact that the
Arrhenius expressions for the initiation reactions, O,+RH
—HO,+ R, when based on low temperature data, tend to
underestimate the rate constants at temperatures above 1000
K. This is most clearly seen in the case of O,+HCHO
—HO,+HCO, but is also clear from a number of modeling
studies and particularly from ab initio theoretical

+0,, coupled with the equilibrium constant (this evalua-
tion) between 500 K and 3000 K.

The preferred expression for k is obtained by fitting the
experimental results of Stothard and Walker' between 673 K
and 793 K using a fixed 7 exponent of 2.5. It is pertinent to
compare the preferred expression with that of k(O,
+HCHO—HO,+HC0)=4.0-10"" 7?3 exp
(—18352/T) cm®
molecule ! s™! recommended in the present evaluation over
the temperature range 600—2500 K. The almost identical ex-
ponential terms are consistent with the two reactions having
the same enthalpy change within ~2 kJmol ™!, and the sig-
nificantly lower A factor for O, + C3Hg is consistent with the
loss of entropy of activation due to electron delocalization in
the emerging allyl radical. Although this effect becomes less
important as the temperature rises, probably leading to a
higher temperature exponent, in the absence of additional
experimental evidence a 2.5 exponent is preferred.

While the above comments support the validity of the ex-
pression for k(O,+ C;3Hg) it has significantly different pa-
rameters from k(0,+C¢HsCH,)=1.9-10"17 723
X exp(—17980/T) cm? molecule s~ !, required to express
results over the range 770-1400 K (see data sheet), despite
the similar enthalpies of reaction and the formation of delo-
calised radicals in both reactions. Thus, although the pre-
ferred expression is considered reliable over the temperature
range of the experimental data it may seriously underesti-
mate k above 1000 K if the experimental data for k(O,
+C¢H;5CH,) are correct.

References

IN. D. Stothard and R. W. Walker, J. Chem. Soc. Faraday Trans. 87, 241
(1991).

2W. Tsang, J. Phys. Chem. Ref. Data 20, 231 (1991).

3CEC, Supplement I, 1994 (see references in Introduction).

4T. Ingham, R. W. Walker, and R. E. Woolford, 25th Symp. (Int.) Combus-
tion, 1994, p. 764.

SR. Zhu and M. C. Lin, J. Phys. Chem. A 105, 6243 (2001).
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02+ CGH5CH3—> H02+ CGH5CH2

Thermodynamic Data
AH®qg=171.1 kJ mol !
AS%0s=22.9TK ' mol™!
K.=0.329 T%% exp(—20650/T)

(300=<T/K<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule™" s7! T/K Reference Comments
Rate Coefficient Measurements
5-107 1% exp(—20800/T) 1000—-1200 Emdee, Brezinsky, and Glassman, 1992! (a)
<6.0-107% 773 Ingham, Walker, and Woolford, 1994° (b)
5-107 "% exp(—21650/T) 1050-1400 Eng et al., 19983 (c)
Reviews and Evaluations
3-107 2 exp(—20000/T) 700—1200 CEC, 1994* (d)

Comments

(a) Based on a computer modeling fit to data on the oxi-
dation of toluene at atmospheric pressure obtained by
Brezinsky e al.’ and Lovell er al.® In the model the
rate of consumption of toluene is highly sensitive to k.
The activation energy is estimated from the reaction
endothermicity and the pre-exponential factor is ad-
justed to achieve the best fit to the rate of toluene con-
sumption. The mechanism used is complex but incom-
plete. For example, the reactions HO,+ CgHsCH;4
—H,0,+C4HsCH, and H abstraction at the ring by
OH radicals are omitted, both leading to branching.
The values of k are, therefore, probably too high and
are a factor of 2 greater than those calculated from the
expression of Eng er al.’

(b) Addition of small amounts of toluene to C3Hg /O, /N,
mixtures in boric acid coated vessels at total pressures
of 79 mbar. Products analyzed by GC [see O,+ C;Hg
data sheet, Comment (a)]. With small corrections for
secondary initiation, the primary initiation rate is equal
to the rate of termination, which was measured directly.
When a compound, RH, with a labile H atom is added
to the C3Hg /O, /N, mixtures, the increased rate of ter-
mination is equal to the rate of initiation from O,
+RH—R+HO,, after minor corrections. Very suc-
cessful experiments were carried out with a number of
additives, but the increase in termination rate with tolu-
ene was small and difficult to measure. It was con-
cluded that k/k(O,+ CsHg) was in the range 1-2(max)
at 773 K.

(¢) Shock tube study on toluene/O,/Ar mixtures. Benzyl
radical concentrations were monitored by UV absorp-
tion at 257 nm behind reflected shocks at total pres-
sures between 2 and 4 bar. Initially the benzyl concen-
tration profiles were analyzed using a detailed
mechanism but this analysis showed that a simplified
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mechanism applied and this was used to derive values
of k. Consequently, the values of k derived may be
slightly high due to some branching.

(d) Activation energy obtained by Emdee er al.! accepted
and combined with an A factor based on the value for
the C3Hg+ O, reaction as reported by Stothard and
Walker’ (see data sheet for O,+ C4Hg reaction).

Preferred Values

k=1.9-10""7 723 exp(—22620/T) cm> molecule ' s™!
over the range 500—-2000 K.

Reliability
Alog k==*0.4 over the range 500—1400 K, rising to =0.6
at 2000 K.

Comments on Preferred Values

In our previous evaluation® it was argued that the A factor
of the O,+ C¢HsCH; reaction should be similar to that for
the O, + C3Hg reaction since both involve H abstraction with
similar entropies of activation arising from the electron de-
localization in the emerging radical. On this basis the A fac-
tor for the O,+ CcHsCH; reaction was assigned a value of
3-107 "2 ¢cm® molecule ™' 7', the A factor obtained by Sto-
thard and Walker’ for O,+ C3Hg over the range 673-793 K.
This is a factor of ~ 100 smaller than the values obtained by
Emdee ef al.' and Eng et al.® but over a significantly differ-
ent temperature range.

The values of k of Emdee er al.' are a factor of 2 higher
than those of Eng eral® and were obtained from a very
complex simulation of toluene oxidation where a number of
potentially important branching reactions were not included
in the mechanism. Although their method is direct, the values
of Eng eral’® may also be slightly high because some
branching may have been present despite their careful



EVALUATED KINETIC DATA FOR COMBUSTION MODELING 895

analysis of the system. The value of Ingham et al.” is also
slightly uncertain [see Comment (b)] and for present pur-
poses their maximum value is taken. When this value is com-
bined with the results of Eng et al.® the Arrhenius function
k=17.4-10"" exp(—25064/T) cm® molecule 's™! fits the
results well but the activation energy of 208 kJ mol ! is con-
siderably higher than the enthalpy of reaction, suggesting
that a non-Arrhenius expression is required. Although it may
be argued that the temperature exponent of 2.5 adopted in
this evaluation for the reactions O, + RH—HO,+ R, where
R is an electron-localized radical, should be enhanced by
about a factor of 4 for a delocalized radical arising from
decreased effects on the pre-exponential factor at high tem-
peratures, 2.5 is maintained for consistency and the risk of

overestimating k at temperatures above those used in the
study of Eng er al.,’ the values of which are probably high
by about a factor of 2.

7. L. Emdee, K. Brezinsky, and I. Glassman, J. Phys. Chem. 96, 2151
(1992).

2T. Ingham, R. W. Walker, and R. E. Woolford, 25th Symp. (Int.) Combus-
tion, 1994, p. 767.

3R.A. Eng, C. Fittschen, A. Gebert, P. Hibomvschi, H. Hippler, and A.-N.
Unterreiner, 27th Symp. (Int.) Combustion, 1998, p. 211.

4CEC, Supplement I, 1994 (see references in Introduction).

K. Brezinsky, T. A. Litzinger, and 1. Glassman, Int. J. Chem. Kinet. 16,
1053 (1984).

®A. B. Lovell, K. Brezinsky, and I. Glassman, 22nd Symp. (Int.) Combus-
tion, 1989, p. 1063.

’N. D. Stothard and R. W. Walker, J. Chem. Soc. Faraday Trans. 87, 241
(1991).

H+0,—O+OH

Thermodynamic Data
AH®g5=68.29 kJ mol !
AS%95=25.04 TK~! mol ™!
K.=2.88-10> T~ %37 exp(—8390/T)
(300=<T/K=<5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/cm® molecule ' 5! T/K Reference Comments

Rate Coefficient Measurements
2.0-107 Y exp(—8107/T) 1000-2500 Pamidimukkala and Skinner, 1982! (a)
1.78- 1010 exp(—7400/T) 10001350 Vandooren, Nelson da Cruz, and Van Tiggelen, 1988> (b)
2.8-10" " exp(—8118/T) 962-1705 Pirraglia ef al., 1989° (c)
1.55-107 10 exp(—7448/T) 1450-3370 Masten, Hanson, and Bowman, 1990* (d)
2.64-1077 77927 exp(—8493/T) 1050-2700 Yuan et al., 1991° (e)
1.15- 10" " exp(—6917/T) 1103-2055 Shin and Michael, 1991° ()
1.55-107 1% exp(—7270/T) 2050-5300 Du and Hessler, 19927 ()
1.38- 10710 exp(—7253/T) 1336-3370 Yu ez al., 1994 (h)
1.66- 10~ exp(—7690/T) 1850-3550 Yang et al., 1994° @)
1.18- 1071 exp(—6957/T) 1050-2500 Ryu, Hwang, and Rabinowitz, 1995'° 0

Reviews and Evaluations
2.77-1077 T exp(—8750/T) 300-2500 Cohen and Westberg, 1983'! (k)
1.62- 10710 exp(—7470/T) 300-2500 CEC, 1992; 19942 )

Comments

(a)  Shock tube study on rich and stoichiometric H, /O, /Ar
mixtures at pressures of 1.5-2.5 bar. [O] monitored by
time-resolved resonance absorption.

(b) Lean low-pressure (46 mbar) CO/H, /O, /Ar premixed
flame. k derived from fit of O, reaction rate from [ O, ]
profiles measured by molecular beam sampling/mass
spectrometry.

(¢)  Shock tube study in which H atoms were produced by
flash photolysis of NH; or H,O in the reflected shock
regime. Total pressures 13—40 mbar. [H] monitored by
time-resolved resonance absorption.

(d) Shock tube study using rich H, /O, /Ar mixtures at to-
tal pressures of 0.3—-2.6 bar. [H] monitored by ARAS in

incident shock experiments; absolute [OH] obtained by
cw laser absorption. k derived by numerical simula-
tions using a 23-reaction mechanism.

(e) Shock tube study using reflected shocks in H,/O,/Ar
mixtures at total pressures of 1.4-3.4 bar. Relative
[OH] monitored by time-resolved cw laser absorption.
k obtained by numerical simulations using a 19-
reaction mechanism.

(f)  Shock tube study using reflected shocks in O, /H,O or
NH; /Ar mixtures at total pressures of 0.3—1 bar. H
produced by excimer laser photolysis of H,O or NHj;.
[H] monitored by time-resolved ARAS under pseudo
first order conditions.

(g) Shock tube study using incident shocks in rich
H, /0O, /Ar mixtures at total pressures of 0.75-1.6 bar.
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[OH] determined by pulsed laser absorption. k obtained
by using numerical simulations of a 17-reaction mecha-
nism to fit the [OH] profile.

(h) Reinterpretation of experimental data of Yuan et al.,’
and Masten er al.*

(i) Shock tube study using reflected shocks in rich
H, /O,/Ar mixtures at pressures of 2.4-3.9 bar. Rela-
tive [OH] monitored by time resolved cw laser absorp-
tion. k obtained by using numerical simulations of an
11-reaction mechanism to fit the [OH] profile.

() Shock tube study using reflected shocks in rich
H, /0, /Ar mixtures at total pressures of 0.7—-4.0 bar.
Relative [OH] monitored by c¢w laser absorption. k ob-
tained using numerical simulations of a 20-reaction
mechanism to fit the [OH] profile.

(k) Based on low temperature data for the reverse reaction
and a number of shock tube and flame studies. Recom-
mended expression is accepted by Tsang and
Hampson.13

(I)  Accepts the expression of Baulch et al.'* adjusted to fit
data of Frank and Just'® and Pirraglia et al.?

Preferred Values

k=3.43-10"10 77097 exp(—7560/T) cm? molecule ™!
s~ ! over the range 800-3500 K.

Reliability
Alogk==0.1 at 800 K, rising to =0.2 at 3500 K.

Comments on Preferred Values

There have been numerous studies of this reaction. For
clarity, only data since 1970 have been included in the
Arrhenius diagram although some of the earlier data are in
good agreement with those obtained more recently. The early
studies have been evaluated by Baulch e al.'* and by Cohen
and Westberg.!! The review of Tsang and Hampson'? accepts
the recommendations of Cohen and Westberg. !

There are no direct measurements of k£ below 500 K and
the recommended values are based on data obtained at tem-
peratures above 800 K. The majority of the determinations of
k have been made using shock tube techniques and, gener-
ally, are in good agreement.'”'*13=2% There is a trend in the
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more recent studies' ™' to give slightly lower values of E/R

than most of the older determinations.'">">> Our preferred
expression for k is based on the more recent studies, which
are cited in the Table. The expression derived gives values
very similar to the expression used by Smith ez al.?® in mod-
eling studies using the GRI mechanism.
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Thermodynamic Data
AH®5=—202.4 kJ mol !
AS®gs=—90.64 T K~ mol~!

K.=2.76-10"% T'786 exp(+24310/T) cm® molecule™!

(300=T7/K=5000)

See Section 3 for the source of the Thermodynamic data.

BAULCH ET AL.

H+ O,(+M)— HO,(+ M)

Rate Coefficient Data

11

k/cm® molecule ™' s T/K [M]/molecule cm ™3 Reference Comments
Rate Coefficient Measurements
Low Pressure Range
[Ar] 3.9-107% 1500 (4.1-26)-10" Getzinger and Schott, 1965' (a)
[Ar] 3.0-107% 1400-2600 (4.4-23)-10"8 Gay and Pratt, 19712 (b)
[Ar] 6.6-10733 exp(238/T) 203-404 (0.18-18)-10'® Kurylo, 1972° (c)
[Ar] 6.8- 10733 exp(345/T) 220-360 (0.26-22)-10'® Wong and Davis, 1974* (d)
[N,] 1.5 1073 exp(390/T) 220-298 (0.26-16)-10'®
[Ar]2.5-107 % 293 1.2-10"7 Hack, 1977° (e)
[N,]9.1-107% 980-1176 1.4-10" Slack, 1977° 63}
[Ar] 6.1-1073% 964-1075 1.4-10°
[Ar] 2.8-107% 298 (0.24-48)-10'8 Cobos, Hippler, and Troe, 1985’ ()
[N,]6.5-107% (1.2-41)-10%
[N,]8.0-10728 7166 298-639 (7.1-97)-10' Hsu, Durant, and Kaufman, 1989% (h)
[Ar] 7.1-1073% 746-987 (9.5-40)-10' Pirraglia et al., 1989° @)
[N,]0.99- 1073 800 (1.2-2.9)- 10" Hanning—Lee, Pilling, and Warr, 1991'° G)
[N,]2.95-10732 825 (1.2-29)-10'8
[N,]3.45-107% 850 (1.2-29)-10'8
[Ar] 2.1-107% 298 (1.6-16)-10" Carleton, Kessler, and Marinelli, 1993'! (k)
[N,]2.9-107 % exp(825/T) 298-580 (2-18)-10'®
[H,0] 3.9- 1032 exp(600/T) 575-750 (1.2-4.9)- 10"
[Ar] 1.9-1073° 7708 1260-1376 (2.6-6.5)-10% Davidson et al., 19962 )
[Ar] 7.2-107® 71 1278-1375 (2.6-6.5)-10%
[Ar] 3.5-107 33 exp(680/T) 725-900 (8-9.6)-10'8 Ashman and Haynes, 1998 (m)
[N,]6.2-107* exp(680/T) 750-900
[H,0] 6.6- 10732 exp(680/T) 750-900
[N,]9.7-10732 7741 exp(562/T) 800-900 (8-12)-10" Mueller, Yetter, and Dryer, 1998'* (n)
[Ar] 1.88-107% 7712 1050—1250 (0.7-8.9)-10% Bates et al., 2001" (0)
[N,]73-107%2 7713 (0.5-2)-10%
[H,0] 1.02-10"8 7710
[Ar] 1.26-107% 77112 482-712 (13-6.5)-10" Michael ef al., 2002' (p)
[N,]4.82-107% 7713 296-698 (0.75-3.9)-10"8
[H,0]5.0-1073! 296 (0.6-2.15)-10'°
Intermediate Fall-off Range
12-10712 298 2.4-10"(Ny) Cobos, Hippler, and Troe, 19857 (g)
48-10712 1.2-10%
14-107 1 6.0-10%°
1.9-107 M 1.2-10%
33-107 1 2.4-10%
3.9-107 " 4.8-10%
23-10712 1.2-10°(Ar)
12-107 1 1.2-10%
2.3-107 ! 4.1-10%
3.3-10718 1050-1250 7.3-10"°(Ar) Bates et al., 2001" (0)
8.0-1071 2.1-10%
1.6-10712 5.8-10%
1.9-10712 8.9-10%
3.4-10718 5.0- 10"(N,)
12-10712 2.0-10%
6.9-107 "2 9.3-10"(H,0)
1.5-107 1 2.4-10%

High Pressure Range
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k/cm® molecule ™! 57! T/K [M]/molecule cm ™3 Reference Comments

7.5-107 1 298 Cobos, Hippler, and Troe, 1985’ ()

6.2-107 ! 1200 Bates ef al. 2001"3 (0)

9.6-107 " 300-500 Hahn ez al. 20027 (q)
Reviews and Evaluations

ko=[Ar] 1.7-10730 7708 300-2000 CEC, 1992; 1994'8 (r)

ko=[N,]3.9-1073 7708

ko=[Ar] 2.9-107% 77127 300-2500 Marinov, Westbrook, and Pitz, 1996' (s)

ko=[N,]5.6-10"2 71

ko=[Air]5.2- 10728 7716 220-600 NASA, 1997% (1)

ko=[N,] 1.55-10° 2 78 200-600 IUPAC, 19972 (u)

ko=[N,] 1.59-10"28 714 300-2000 Troe, 2000% (v)

ko=[Ar] 2.1-10"® 7712 300—2000

ko, =[7.84(T/300)%0+ 1.79(T/300) " '7]- 101! 300-1500

(a)
(b)

(©)

(d)
(e)

()

(2)

(h)

(i)
()

(k)

()

Comments

Shock tube study using lean H, /O, / Ar mixtures. [OH]
monitored by UV absorption.

Shock tube study using H,/O,/Ar(or N,) mixtures.
[OH] monitored by UV absorption spectroscopy. Rela-
tive efficiencies of third bodies estimated to be
k(Ar):k(N,):k(H,O)=1:2:22.

Flash photolysis of CHy(or C3Hg)/O,/He, Ar, or N,
mixtures. [H] monitored by Lyman-a resonance fluo-
rescence at pressures in the range 13—530 mbar.
Discharge flow study. [H], [OH], and [O] monitored by
ESR.

Vacuum UV flash photolysis of CH,/O,/Ar, He, H,,
or N, mixtures. [H] monitored by Lyman-« resonance
fluorescence at pressures in the range 13—660 mbar.
Shock tube study using reflected shocks in H, /0, /N,
mixtures. Induction times were measured by monitor-
ing emissions from OH radicals. The results of similar
experiments of Skinner and Ringrose*® using Ar as the
bath gas were reanalyzed to give the value of k cited
for the range 964—1075 K.

Pulsed laser photolysis at 193 nm of NH; in the pres-
ence of O, and N,, Ar, or CH,. [HO,] monitored by
absorption at 230 nm. Experiments over the range
1-200 bar allowed construction of fall-off curves and
extrapolation to give a broadening factor F. of 0.55 for
N, and k,,=2.4-10" "> 7% cm® molecule ™' s !
Discharge flow study at pressures in the range 6—90
mbar. [H] monitored by resonance absorption and [OH]
by resonance fluorescence. Detailed numerical simula-
tions of species profiles.

Combined flash photolysis and shock tube study.
Flow reactor study in which H was generated by means
of a microwave discharge or by thermal decomposition
of H, on a W filament. [H] was monitored by reso-
nance absorption and [OH] by resonance fluorescence.
Flow reactor study with excimer laser photolysis pro-
duction of H atoms from H,S. [H] monitored by LIF
and ARAS. Detailed numerical simulations of H-atom
decay. Total pressures, 65—650 mbar.

Shock tube study using reflected shocks in stoichio-

(m)

(n)

(0)

(p)

(@

metric H,/O,/Ar and H,/0O,N,/Ar mixtures at total
pressures in the range 50—120 bar. Quantitative mea-
surements of [OH] were made by cw laser absorption.
Numerical simulations performed using a detailed re-
action mechanism. Experimental conditions chosen to
emphasize sensitivity to the title reaction.

N, /0, /H, /NO mixtures were passed through a heated
flow reactor at a total pressure of 1 bar. [NO,], [NO],
[H,O], and [H,] were monitored. Species profiles
were fitted by detailed numerical simulations using a
detailed reaction mechanism. As well as N, several
other gases were used as third bodies; relative efficien-
cies obtained were k(N,):k(Ar):k(CO,):k(H,0)
=1.0:0.56:2.4:10.6.

Technique as in (m) but higher pressures were used.
[NO,], [NO], [H,0], [0,], and [ H,] were monitored.
The expression cited was obtained by fitting their own
data from this study with that of Getzinger and Blair,*
Hsu et al.,* Cobos et al.,” Ashmore and Tyler,"” Wong
and Davis,4 Kurylo et al.,3 and Davidson et al.'?

H, /0, /NO/bath gas mixtures were heated by reflected
shock waves at total pressures in the range 7—152 bar.
Narrow linewidth laser absorption of NO, at 472.7 nm
was used to measure quasi-steady NO, concentration
plateaus in experiments designed so that the plateau
was sensitive only to the H+ O, + M—HO, +M reac-
tion rate and to the relatively well-known HNO,
—NO+ OH and HO,— OH+ O reaction rates.

Laser photolysis-shock tube experiments. H atoms
were generated by ArF excimer laser photolysis (193
nm) of dilute mixtures of NH; in O, and a bath gas.
The H-atom detection technique was atomic resonance
absorption spectrometry. At room temperature, the
shock tube was used as a static reactor. At high tem-
peratures, the experiments were conducted behind re-
flected shock waves. Extrapolation to the high pressure
limit as carried out using F.=0.7 for M=Ar and N,
and using F.=0.8 for M=H,O0.

Technique as in (g) with extension of the accessible
range of temperatures and pressures and temperatures.
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Fall-off curve extrapolated with F.=0.5 and k,.=9.6
-107" cm?® molecule ! s™! from the theoretical mod-
eling in Ref. 22.

(r) Based largely on the recommendations of Baulch
et al.®

(s) Fits to multiple data sets.

(t) Based on the data of Kurylo,3 Wong and Davis,* Hsu
et al.,8 and Cobos et al.”

(u) Based on the data of Kurylo,3 Wong and Davis,* Cobos
et al.,7 Hsu et al.,8 and Carleton et al."' A high pressure
limit of k,,=2.45-10"12 7% cm3 molecule™!s™! to-
gether with F(N,)=0.5 and F (Ar)=0.45 were used
for the fitting.

(v) Based on the data of Getzinger and Schott,! Gay and
Pratt,2 Wong and Davis,’ Hack,5 Slack,® Cobos ef al.,7
Hsu et al.,} Pirraglia et al.,” Hanning-Lee et al.,'° Car-
leton et al.,ll Davidson et al.,l2 Ashman and Haynes,13
and Mueller et al.'* Values of k.. are from theoretical
modeling by Harding, Troe, and Ushakov?® on an ab
initio potential surface. Modeled values of F.=0.81 for
M=H,0, F.=0.51 for M=Ar, and F.=0.57 for N,
are recommended for the range 300 to 1500 K.

Preferred Values

ko=1.9-10"% T7'2 cm® molecule s~ ! for M= Ar over
the range 298-2000 K.

ko=7.3-10"% 773 cm® molecules >s~! for M=N,
over the range 298-2000 K.
ko=1.0-10"2 7710 cm® molecule 2s~! for M=H,0

over the range 298-2000 K.
k,=[0.327%%+2.9-10*177'7- 107! cm? molecule !
s~ ! over the range 298—1500 K.
F.=0.51 for M= Ar over the range 298—-1500 K.
F.=0.57 for M=N, over the range 298—-1500 K.
F.=0.81 for M=H,O over the range 298—1500 K.

Reliability

Alogky==0.1 at 298 K, rising to £0.2 at 2000 K for
M= Ar and for M=Nj,.

Alogky==0.1 at 298 K, rising to £0.3 at 2000 K for
M=H,O0.

Alog k,==*0.5 over the range 298-1500 K.

AF (Ar)=AF/(N,)=AF/(H,0)==*=0.1 over the range
298-1500 K.

Comments on Preferred Values

There have been many studies of this reaction and only the
recent studies, and a number of older studies on which our
recommendations are based, are cited in the Table. The large
majority of  studies of the kinetics of the
reaction! ~17:232427-40 have been carried out with Ar or N, as
the third body and the citations in the Table have been re-
stricted to these two collision partners together with the lim-
ited data®$11:13:16324142 £51 the important collision partner,
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H,0. The relative efficiency of other third bodies is, how-
ever, also considered later in this section.

The reaction is relevant to atmospheric chemistry and,
consequently, there have been a number of low temperature
studies with N, as the third body. These low temperature
studies have been evaluated by the NASA?® and the [UPAC?!
Panels whose findings we accept. Over a wider temperature
range, the preferred values of k, for M= Ar and N, are those
given in the study of Bates er al.'> which are in good agree-
ment with the data of Michael er al.'® and a number of other
studies. The preferred values for k., and F. are from the
theoretical modeling studies of Troe®* and Harding er a1

Early studies involving H,O as third body in the reaction,
evaluated by Baulch ez al.,® suggested it to be very efficient,
with k(M=H,0)/k(M=N,)~16. The more recent studies
cited in the Table confirm this [N.B. a value of k(M
=H,0)/k(M=N,)=1.1 was erroneously reported in our
previous evaluations’']. Our preferred expression for ky(M
=H,0) is based on the data of Bates er al.'> which are in
good agreement with those of Michael et al.'® and compat-
ible with the results of Hsu et al.,8 Ashman and Haynes,13
and Carleton ef al.'' The preferred expressions suggest only
a small temperature dependence for the relative efficiencies
of the third bodies e.g., k(M=H,0)/k(M=N,)=1.36 T*4,

There have been far fewer studies for other third bodies.
For M=CO,, early work, reviewed by Baulch et al.,25 in
which both k(M=CO,) and k(M=N,) were measured in
the same study, gave values of k(M= CO,)/k(M=N,) in the
range 2.5-3.5 at temperatures of ~700-800 K. More re-
cently Ashman and Haynes13 obtain k(M=CO,)/k(M
=N,)=2.4 at similar temperatures. For O,, a collision effi-
ciency identical with that of N, is often assumed, but there
are a number of older studies which suggest that O, is a
slightly less efficient collision partner (see Ref. 25) and in a
recent direct measurement Michael er al.'® obtain k(M
=0,)=1.57-10"% 77" c¢m® molecule ' s™! and a value
of k(M=0,)/k(M=N,)=0.72 at room temperature.
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H+H(+ M)— H,(+ M)

Thermodynamic Data
AH 5= —435.9 k] mol !
AS%gs=—98.6 T K~ mol™!
K.=1.64-1072* 770151 exp(+52190/T) cm?® molecule™!

(300=T7/K=5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Measurements

k/cm® molecule ™2 57! T/K M Reference Comments
Rate Coefficient Measurements
9.6-1073% 293 H, Larkin and Thrush, 1964,' 1965;> Larkin, 1968° (a)
6.3-10% 293 Ar
2.1-107% 1259-1912 Ar Getzinger and Blair, 1969* (b)
3.0-10731 7706 79-298 H, Ham, Trainor, and Kaufman, 1970° (c)
8.1-1073 298 H, Trainor, Ham, and Kaufman, 1973° (c)
9.2-1073% 298 Ar
2.5-10731 7706 77-295 H, Walkauskas and Kaufman, 19757 (c)
9.2-1073! 77081 77-295 Ar
8.5-1073 298 H, Lynch, Schwab, and Michael, 1975 (d)
8.0-1073 298 Ar
Reviews and Evaluations
2.8-10731 7706 50-5000 H, Cohen and Westberg, 1983° (e)
191073 7710 77-5000 Ar
2.8-10731 7706 100-5000 H, CEC, 1992; 1994!° ()
1.8-10730 7710 300-2500 Ar
Comments Preferred Values
(a) Discharge flow studies using pure H, or H, in an Ar ko=2.8-10"3" 7796 cm® molecule s~ ! for M=H, over

(b)

(©)

(d)

(e)

(f)

carrier gas. [H] determined using a calorimetric probe
and in some of the studies> checked 