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This document contains evaluated data on the kinetics and thermodynamic properties
of species that are of importance in methane pyrolysis and combustion. Specifically, the
substances considered include H, H,, O, O,, OH, HO,, H,0,, H,0, CH,, C,H,, HCHO,
CO,, CO, HCO, CH;,, C,H,, C,H,, C,H,;, C,H,, C,H, CH,CO, CH,0,, CH,0, singlet
CH,, and triplet CH,. All possible reactions are considered. In arriving at recommended
values, first preference is given to experimental measurements. Where data do not cxist, a
best possible estimate is given. In making extrapolations, extensive use is made of RRKM
calculations for the pressure dependence of unimolecular processes and the BEBO method
for hydrogen transfer reactions. In the total absence of data, recourse is made to the
principle of detailed balancing, thermokinetic estimates, or comparisons with analogous
reactions. The temperature range covered is 300-2500 K and the density range 1 X 10~
1X 10*! molecules/cm®. This data base forms a subset of the chemical kinetic data base for
all combustion chemistry proccsscs. Additions and rcvisions will be issued periodically.

Key words: chemical kinetics; combustion; data evaluation; methane; oxidation; pyrolysis; rate
constants.
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1. Preface

1.1. Scope

This coliection of chemical kinetic rate data and related
information is intended for the use of those interested in de-
veloping a detailed understanding of gas phase combustion
processes involving organic fuels. This includes those who
use such information in order to simulate complek phenome-
na and others involved in generating data through laborato-
ry or theoretical efforts. At the present time, this data base is
limited to those reactions pertinent to the combustion of
methane. It is further restricted to reactions involving one
and two carbon atom systems. Thus the chemical phenome-
na to which this data base may be applied are the initial
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stages of the combustion of C, and C, hydrocarbons. The
data base also covers the pyrolytic behavior of such systems.
Due to the nature of the information base, chemical pro-
cesses under ambient conditions are also covered. Indeed,
the major thrust of this effort involves the extrapolation of
the much more plentiful lower temperature results to com-
bustion conditions. As a result, the data base is pertinent to
the full range of oxidativc phcnomena. It is our intention to
continually enlarge and upgrade the data base so that an
increasingly wider range of chemical phenomena can be cov-
ered.

This initial effort involving the simplest of organic com-
pounds is dictated by the following considerations. First, the
reactions that are covered form a subset of processes of im-
portance to any hydrocarbon combustion system. Second,
the volume of work in the area is more extensive than that of
more complex organics. Finally, as the beginning of the ho-
mologous series, the rate constants of these processes form
the basis of predictions on more complex organics.
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1.2. Organization

The information in this manuscript is organized into
several sections. The first part contains a tabulation of all the
recommended rate expressions and their estimated uncer-
tainties. Also included are the page numbers where the more
complete discussion of the reaction can be found. The second
section contains background information on the individual
reactions. The format is similar to previous NBS reports' on
rate data for stratospheric modeling. The selection of reac-
tions to be covered was dictated by the species that can be
expected to be present in any methane combustion system.
Following our experience with the stratospheric chemistry
situation, a reaction grid containing 25 species was con-
structed (see Fig. 1). We then considered all possibilities for
reactions of each species with each other and for unimolecu-
lar decomposition. In a number of cases, it is fairly obvious
that the processes need not be considered; for example
H + H,—H, + H or CH, + C,H,, where the only possible
process, CH, + C,Hs—CH, + 2CH,, is subsumed under
the unimolecular decomposition category. In all other cases
rate constants are given for the temperature range 300-2500
K and density range 13X 10'°~1x10?" molecules cm 2.
These should encompass every possible oxidation and pyro-
lysis regime.

Thermodynamic data are important inputs for the esti-
mation and evaluation of kinetic information. Tables of ther-
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modynamic properties over the temperature range 300-
1500 K for the 25 species are given in Sec. 4. In addition, for
unimolecular reactions, transport properties are needed for
the estimation of collision efficiencies. A short table of the
necessary information is included in Sec. 5.

1.3. Guide to Summary Table

This contains a summary of our evaluated values. The
three columns contain statements on the reaction process,
the appropriate rate expression, and the estimated uncer-
tainty. In the case of unimolecular processes we give the rate
constant ratios for 1 atm N, and, as appropriate, the infinite
or zero pressure rate expression.

1.4. Guide to Chemical Kinetic Data Tables

Each of the reactants is assigned a number from 2 to 26
(see Fig. 1). Number 1 is reserved for unimolecular pro-
cesses. The array of two numbers defines a particular reac-
tion. The ordering of reactions begins with a reactant with a
particular sequence number and then considers all reactants
with lower sequence numbers. The absence of a reaction im-
plies that the rate constant is too small to be of interest for
any conceivable situation.

The sequence number can be found at the top of the
data sheet. It is then followed by a statement of the chemical
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CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY

reaction. All the reactions listed are elementary reactions.
The reaction statement will, where applicable, be followed
by the equilibrium constant of the reaction. This is expressed
in the form

logK, =A+B/T+C/T*+D/T>.

Accuracy across the appropriate temperature ranges is in
the range of 19%-2%. Thus all the other thermodynamic
functions can be derived to reasonable accuracy using stan-
dard relations.

The next section on the data sheet contains a synopsis of
previous work. It begins in the first column with a listing of
the author(s) and the year of publication. The ordering is
from the latest to the earliest work. A specific statement is
madeif the reference is a review. In many cases, we have used
carlicr revicws as a starting point for our analysis. Readers
must therefore turn to the references in these reviews if they
are interested in the earlier work. Columns 2 and 3 contain
information on the experimental conditions used in the in-
vestigations. Column 4 gives the rate expressions that have
been obtained. Most of the processes are bimolecular. In the
cases where they are unimolecular the specific units s™! are
given, whilc for termolecular processes the units of cm® mo-
lecule=? s~ are used. The final column contains informa-
tion on uncertainty limits. Most of these are the estimates of
the investigators.

The next section contains our recommendations and a
brief discussion of our rationale. It should be emphasized
that at the present time there is no standard method for car-
rying out data evaluation in chemical kinetics. The following
represents our methodology. First preference is given to ex-
perimental determinations where the mechanism is clear
cut. Frequently, this is from direct determinations of the rate
of change of reactants or intermediates in real time. It has
also been our experience that in a complex situation where
careful and complete final (stable) product analyses are car-
ried out very satisfactory results can be achieved. In thc ab-

sence of chemical kinetic data, thermodynamic consider- -

ations in the form of detailed balance are used. In other
cases, rate constants are assigned on the basis of analogy
-and/or thermokinetic considerations. The uncertainty state-
ment represents an estimate by the evaluator of the absolute
accuracy of the recommended rate expression. It is strictly a
subjective number based on the intercomparison of the data
sets, considerations of related reaction mechanisms, and the
constraints imposed by thermodynamics and theory. Quan-
titatively, it means that in the evaluator’s judgment the true
value will be within the indicated limits to a high degree of
confidence.
Rate theory is used in these evaluations only as a meth-
od for extrapolation. For metathetical reactions involving H
atoms, the Bond Energy Bond Order method (BEBO) of
Johnston? is used to derive the curvature of the Arrhenius
plot. Details of the procedure used can be found in a paper by
Brown.? We have found, as have others, that on an absolute
basis BEBO results are unreliable. Instead, we have used the
BEBO methodology to derive the transition state structure.
The activation energy is adjusted so as to reproduce the ex-
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perimental data at specific temperature(s). The general re-
sult is a temperature dependence of the pre-exponential fac-
tor in the T2 to the T* range. This is in fair accord with
experimental evidence. The lack of sufficient data over a
large temperature range prevents a systematic check of this
procedure and we have noted some tendencies to overesti-
mate this temperature dependence by our procedure.

Unimolecular reactions and associated processes are
rendered more complex than metathesis reactions by their
dependence not only on reaction temperature but also
pressure and the nature of the substances present. We
have applied standard Rice-Ramsperger-Kassel-Marcus
(RRKM) type calculations as a framework for projecting
data over all relevant temperature and pressure ranges. The
computational procedure has been checked by reproducing
the results published in Robinson and Holbrook,* Hassler
and Setser,” and Troc.® Morc details of the methodology
used in fitting the data will be given in a subsequent paper.’
We have not been able to derive a closed expression that
encompasses all the possible reaction conditions. The results
are given in the data sheets in the form of tables and some
manipulation of the information is necessary. In the case of
unimolecular decompositions or the reverse combination
processes an cxpression is given for the rate constant at the
high-pressure limit, or as appropriate, at the low-pressure
limit, assuming collisional deactivation on every collision
(strong collision assumption ). The choice of either reference
condition is dictated by the desire to minimize what are es-
sentially the correction factors to the given rate expressions.
The latter can be found in the tables in the appropriate data
sheets.

One of the tables in the data sheets gives k /k* ork /k,
where & is the strong collision rate constant, the collision
partner is the reactant itself and k£ and k,, are the limiting
infinite pressure and zero pressure values, respectively. Thus
in the cases where the high-pressure rate expression k= is
given, rate constants on a strong collision basis can be calcu-
lated by multiplying this limiting valuc at thc desired tem-
perature and pressure with the appropriate value of k /k= as
obtained from the table. Since under high-temperature con-
ditions the strong collision assumption is not satisfactory, a
second table in the data sheets gives 5., the collision effi-
ciency (on a per collision basis) as a -function of step size
down (energy removed per collision). The numbers in the
table are derived from the equation given by Troe.® At the
present time, there is some uncertainty with regard to the
appropriate value to be used. We have thus cast the data in
this form so that the reader may use his own step sizes. The
values of 3. given here are for the reactant molecule as its
own collision partner. For the more general case with any
collision partner, it is necessary to use the approach of Troe®
and derive a correction factor 5, which when multiplied by
the . given above yields the total collisional efficiency
. =B.*B, which is the quantity needed to derive the rate
constant from the information given in the two tables and
the limiting rate expressions. Specifically, it involves the cal-
culation of a number of ratios that account for the differ-
ences in the transport properties of the collision partners.
The necessary quantities are given below and we also illus-
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trate the situation for a methane and argon mixture at 2000
K:

(a) Ratio of reduced masses (R ); for a methane-argon
mixture this number is 11.43/8 = 1.429, where 8 is the re-
duced mass for methane-methane collisions and 11.43 is the
reduced mass for methane-argon collisions.

(b) Ratio of collision diameters (C); for a meth-
ane-argon mixture this value is (3.758 4+ 3.542)/
(3.758X2) = 0.971. Note that the values for these param-
eters can be found in a table in Sec. 5.

(c) Ratio of collision integrals ( W); where we use the
approximation ~ w' = 1/{0.679 + 5.85 log[kT /e(am) }}
and e(am)/k = {[e(a)/k] [e(m)/k]}**, where e(a),
€(m), and €(am) are the Lennard Jones well depths for ar-
gon, methane, and argon-methane. Since ¢/k for methane is
148.6 K and 93.3 K for argon, then the ratio of the collision
integrals is 0.759/0.791 = 0.96 at 2000 K.

When these ratios are grouped together we obtain the factor

B.=C*W/(RY*? .

When this is multiplied by the collision efficiency 5, on a
per collision basis as determined from the table, for a given
step size we obtain the total collisional efficiency 8, = B,
*f3 .. Multiplication of the reaction pressure with 3, leads to
an equivalent strong collision pressure. k /k= can then be
read directly from another table. Thus in the case of methane
at 2000 K a step size down of 600 cm ™ will lead to a collision
efficiency of 0.06. With argon as the collisional partner, the
correction factor given above yields a value of 0.755. The
total collision efficiency is 0.047. This means that in our
methane-argon mixture, a reaction density of 1X 10'® mole-
cules cm ™ is equivalent to a strong collision reaction den-
sity of 4.7 10'® molecules cm—> and at our hypothetical
2000 K temperature, Table A in our data sheet for methane
decomposition (reaction 10,1) yields a k /k> value of ap-
proximately 0.004. From the above, it is clear that the major
weak collision effect arises from the choice of the step sizc
down. The correction, taking into account collisional prop-
erties, is in most cases within the experimental uncertainty.

For those systems where the low-pressure rate expres-
sions k, are given, the same procedure should be followed
except that the final rate constant is 8, X ko X (k /k,). For
chemical activation processes, the rate constants can be ob-
tained in an analogous manner. In addition to the possible
pressure dependence in the total rate, the ratio of decomposi-
tion to stabilization is also of importance. Thus as required
we include an additional table giving this ratio as a function
of temperature and pressure. Our treatment of such pro-
cesses in this manner must be considered a rough approxi-
mation. In view of the lack of data and inherent uncertainties
amorc rigorous treatment is not justified at the present time.

As an additional aid to the user, the rate constant ratios
which may be derived from the tables in those data sheets
that are concerned with unimolecular processes are given as
closed expressions for nitrogen and the reactant molecule as
the weak colliders at pressures of 0.1, 1, and 10 atm. These
are based on a step size down to 400-800 cm ! for nitrogen
and 1000-2000 cm ™' for the reactant molecule. They arc
based on our assessment of the existing data base. The ex-
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pressions should be applicable from 800 K on up. The rela-
tions are definitely not applicable in the lower temperature
regions where our analysis shows that for weak colliders the
step size down is very small.

The last section of the data sheet contains the references
used in this evaluation, the evaluator, and a date. Hopefully,
all of the literature on this reaction previous to this date has
been accessed. The authors would be very grateful to those
readers who will bring to their attention publications that
they may have missed or subsequent investigations which
should be included in future publications.

1.5. Guide to Thermodynamic and Transport Tables

Section 4 contains tables of thermodynamic properties
of the species considered in this evaluation. The temperature
range covered is 300-1500 K. The properties tabulated in-
clude the entropy, heat capacity, enthalpy of formation, and
the Gibbs energy of formation. In addition, we give in poly-
nomial form a closed expression for the equilibrium constant
of formation K,. Thesc fit the data (o within 1% or 2%.
Most of the values are abstracted from standard sources.? In
certain cases, we have made our own calculations. The mo-
lecular properties used in deriving these numbers are in a
footnote. In the case of the JANAF Tables, we have not used
the latest addendum. For the compounds in question, this
does not introduce any error. The transport properties are
taken from Reid, Prausnitz, and Sherwood.® For the radical
species that do not appear in the table, we have taken average
values using the corresponding alkanes and alkenes as a

" base.
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2. Index of Reactions and S

Yy of R

ded Rate Expressions

No. Reaction Rate Constant Uncertainty Page
k/cm® molecule” ls™1 factor

2,1 Hy+M-H+H+HM 7.6x10771" 1 “exp(-52530/T) 3 1108
600-2000 X (M=N,)

3,1 0O, +M-+0+0+ M 3.0x10 751" Lexp(-59380/T) 2 1108
(M=Ar)

3,2 0, +H,~H+ HO, 2.4x10" Wexp(-28500/T) 5 1109

4,3 H+0,>0H+0 2.8x1077770- Yexp(-8750/T) 2 to 1.3 1108
300-1250 K

H+0,+M=HO, + M 17.7x1073%7 Lembmolecule 2571

(=05, N;)

4,6 H+H+M-Hy +M 1.5%1072%71-3cnlmolecule 2572 2 1110
77-2000 K (M=N,)

5,2 O+H,+OH+H 1.8x1072972 - 8oyp(-2980/T) 1.6 (400-1600K), 1111

2 at 1600 K

54 O+H+M-+OH+M 1.3x1072%7 LenBmolecule™2s ™2 10 1111

55 0+0+M-+0,+M 5.2x1073%exp(900/T) 1.3 1112
cm®molecule™2s™1 200-4000 K (M=Ar)

6,1 OHE+M-O0+EH+M 4.0x10™%exp(-50000/T) 10 1112

6,2 OH + Hy = H + HyO 1.06x1071772exp(-1490/T) 1.4 to 3 1113
240-2400 K

6.3 OH+ 0, ~0+HO, 3.7x10" M exp(-26500/T) 3 1113

6,4 OH+H-0+H, (a) 8.1x1072112-8oxp(-1950/T) 2 1114
300-2500 K

OH + H+ M= E0+M (b) 6.1x10"267"2cnPmolecule ™21 2

300-3000 K (M=N,)

6,5 OH+0-H+O0, 7.5%1073017C - Sexp(-30/T) 1.4 1115
200-2500 K

6,6 OH+ OH = H)0 +0 3.5%107 1671 4exp (200/T) 1115

OH + OH + M~ HyOp + M

1.6x10"237 3cmBmolecule 2571

500-2500 K <10 atm (M=N,)

1091
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Ty OL Kecc

ded Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/cm® molecule ls™! factor
7,1  HOp + M-+ H+0p+M 2.0x107°77 1+ B8exp(-24363/T) 3 1117
200-2200 K (M=N,)
7,2 HO, + Hy + Hy0, + H 5.0x10" Mexp(-13100/T) 3 1117
7,4  HO, + H - 208 (a) 2.8x10 10exp(-440/T) .2 1118
+ Hy + 0y (b) 1.2x10”%exp(-1070/T) 2
7,5 HO, + 0 = OH + O, 2.9x10” exp(+200/T) 1.2 1119
7,6  HO, + OH - H,0 + 0, 2.4x107 8171 2 1119
7,7 HOp + HOp -+ HyO, + 0y 3.0x10712 3 1120
8,1 Hy0, + M > 20H + M 109-39774. 80031 (-26795/T) 2 1120
>500 K <10 atm (M=N,)
8,3  Hy0, + 0, » 2HO, 9.0x10™*exp(-20000/T) 5 1121
8,4  HyO, + H =~ Hy + HO, (a) 8.0x10" Mexp(-4000/T) 1.25 at 300 K, 1122
2 at 773K,
5 at 1000 K
= Hy,0 + OH (b) 4.0x10 " lexp(-2000/T)
8,5 Hy0, + 0 - OH + HO, 1.6x10" 17 12exp(-2000/T) 3 1122
8,6  Hy0, + OB » E,0 + HO, 2.9x10" 1 2exp(~160/T) 1.25 to 460 K, 1123
3 (T>1000 K)
9,1 HO+M-H+OH+M 5.8x10 Yexp(-52800/T) 1.5 1124
' 2000-6000 K (M=N,) .
§,4 Hy0 +H~ Hy + OH 1.03x107 1611 Soyp(-0265/T) 2.5 1124
9,5 Hy0 + 0~ 20H 7.6x107 1571 3exp(-8605/T) 2.5 1125
10,1 CH, - CHy + H 101557 oxp(-52246/T)s 71 1.5 1125
high pressure limit, 300-2500 X
log k/k@ = 0.275-8.75x107%T
-7.11x10" 812
1 atm, 1300-2500 K (M=N,)
10,3 CH, + 0, ~ CHy + HO, 6.7x10™ M exp(-28640/T) 5 1128
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CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY 1093

Index of Reactions and S ry of R ded Rate Expressions -- Continued
No. Reaction Rate Constant Uncertainty Page
k/om® molecule™ls™1 factor
10,4 CH, + H ~ CHy + Hy 3.73x107207%exp(-4408/T) 1.3 (500-800 K), 1128
3 at 2500 K
10,5 CH, + O = CHy + OH 1.7x107 1311 Sexp(-4330/T) 1.25 1129
10,6 CH, + OH ~ CHy + Hy0 3.2%107 1912 4axp(-1080/T) 1.4 1130
10,7 CE, + HO, = CHy + E,0, 3.0x10™3exp(-9350/T) 5 1131
11,1 CyHg - 2CH, 1022:3771-796xp(-45834/T)s ™1 1.5 1131
high pressure limit
log k/k® = -0.235+1.03x104T
-1.11x107812+1, 425%107 1073
800-2500 K, 1 atm (M=Ar) 2
11,3 Cylig + 0, =+ C,Hg + HO, 6.7x10" M lexp(-25600/T) 5 1133
11,4 CyBg + H = CyHg + Hy 9.2x10 2212 - Soxp(-2600/T) 1.5 (T<1000 K), 1134
3 at 2500 K
11,5 Cyllg + O = GyHg + OH 2.0x10" 1210 -8exp(~3680/T) z 1134
11,6 CyHg + OH ~+ CoHg + H,0 1.47x107 1471 Ohexp(-913/T) 1.25 at 300 X, 1135
2 at 2000 X
11,7 CyHg + HO, =+ HyOp + CpHg 4.9x10" Bexp(-7520/T) 3 1136
12,1 HCHO + M -+ H + HCO + M 101737769y (-48590/T) 3 1136
1000-3000 K (M=Az)
12,3 HCHO + 0, - HO, + CHO 3.4x10" Mexp(-19600/T) 2 1138
12,4 HCHO + H -+ H, + CHO 3.64x10 167177 oxp(-1510/T) 1.3 to 500 K, 1138
3 at 2500 K
12,5 HCHO + O -+ CHO + OH 3.0x10"Mexp(-1550/T) 1.5 to 750 K 1139
12,6 HCHO +'OH - HCO + Hy0 5.7x107 1571 18eyp(225/T) 1.25 at 300 K, 1140
2 at 1600 K
12,7 HCHO + HO, = Hp0, + CHO 3.3x10" Y 2exp(-5870/T) . 3 1140
13,4 CO, + H~ CO + OH 2.5x10" 10exp(-13300/T) 1.2 1141
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Index of Reactions and Summary of Recommended Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/cm3 molecule 1571 factor
13,5 €O, + 0~ CO + 0, 2.8x10 1 exp(~26500/T) 2 1141
14,3 €O+ 0y~ CO,+0 4.2x10"12exp(~24000/T 2 1142
14,6 CO+H+M-CHO + M 1.74x1072777 182500 (-1856/T) 3 1142
cmBmolecule™?s™1

800-2500 K (M=N,)

14,5 CO+0+M=CO,+M 1.7x10 38 exp(-1510/T) 2.5 1144
cmPmolecule™2s™1 (M=N;)

14,6 CO + OH » H + COy 1.12x102exp(0.00091xT) 1.5 1144
14,7 €O + HO, - HO + CO, 2.5x10"0exp(-11900/T) 3 1145
15,1 CHO+M-H+CO+M 8.5x1073172- Yexp(-10278/T) 5 1146
15,2 CHO + Hy - HCHO + H 3.0x10"1872exp(~8972/T) 5 1147
15,3 HCO + 0, - HO, + CO 8.5x10" M exp(-850/T) 1.5 at 300 K, 1147
5 at 1500 X
15,4 HCO + H » H, + CO 2.0x10710 2 1148
15,5 CHO + 0.~ H + CO, (a) ~5.0x10712 3 1149
+ OH + CO (b) 5.0x10711
15,6 HCO + OH = Hy0 + CO ~5.0x10711 3 1149
15,7 HCO + HO, = OH + H + CO, ~5.0x10711 5 1149
15,8 HCO + Hy0, = H,CO + HO, 1.7%10"PBexp(-3486/T) 5 1149
15,9 HCO + Hy0 - HyCO + OH 3.9x1071811-35exp(-13146/T) 5 1150
15,10 HCO + CH, - CHy + HCHO 1.21x1072012- 83exp (-11330/T) 5 1150
15,11 HCO + C,Hg - HyCO + C,Hs 7.8x1072012- 72exp(-9176/T) 5 1150
15,15 HCO + HCO - H,CO + CO (a) 3.0x10711 1.5 1151
+ Hy + 2C0 (b) 5.0x10712 1.5
16,2 CHy + Hy » CH, 4.8x1072273.1203p(¢-4384/T) 1.5 to 700 K, 1152
iner. to 3
at 2500 K
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Index of Reactions and S ry of R ded Rate Expressioms -- Continued
No. Reaction Rate Constant Uncertainty Page
k/cm® molecule ls™1 factor
16,3 CHg + O, - CHzO, (a) 1.5x10331715-Olexp(-8567/T) 3 1153
700-2500 K
+ CH40 + O (b) 3.3x1076771- 37 exp(-14710/T) 3
16,4 CHy + H = CH, 2x10"9770-4 1.5 1156
high pressure limit
log(k/k®)=0.275-8.75x10"4T-7.10x107812 2
1200-1500 K, 1 atm (M=N,)
16,5 CHg + O - HCHO + H 1.3x1070 1.3 1159
16,6 CH5 + OH - CHyOH (a) ko + ky = 9.0x107 11 2 1159
at 1 atm (M=Nj)
+ CH,0 + H + H (b) kp/k, = 10719718 4exp(-20/T) 4
at 1 atm (M=N2)
16,7 CHy + HOp + CH30 + OH (a) 3.3x107H 3 1162
- CH, + 0y (b) 6.0 x 10712 5
16,8 * CHy + Hy0, ~ CH, + HO, 2.0x10"Mexp(300/T) 5 1162
16,8 CHy + HyO = CE, + OH 8.0x1072212-Sexp(-7480/T) | 1.6 1163
16,11 CHy + CpHg ~ CH, + Cyllg 9.1x10"2514exp(-4169/T) 1.3 at 300 K, 1163
incr. to 3
at 2500 K
16,12 CHy + HCHO -+ CH, + CHO 9.2x1072172.81eyp(-2950/T) 2 at 1000 K, 1164
-incr. to 3
at 2510 ¥
16,14 CHg + CO + M =+ CHyCO + M 10794777 58oxp(-5490/T) 3 1165
cmsmolscule'zs'l, (M=N;)
low pressure limit
log(k(Ny, 1)/ky(Ny, 0)) = -0.536
-8.68x1074T-3.34x10" 772
700-2500 K, 1 atm (M=N,)
16,15 CHy + CHO - CH, + CO (a) 2.0x10710 1167
+ CH3CO (b) 3.0x10"11
16,16 2CHy ~ C,Hg 1.68x1079770- 64 1.1 at 300 X, 1168

high pressure limit

log(k(Ar, 1 atm)/ke) = -0.235
+1.033x1073T-1,113x10 672
+1.425x107 1073

700-2500 K, 1 atm (M=N,)

2 at 1400 K

1095

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1096

W. TSANG AND R. F. HAMPSON

Index of Reactions and S

ry of R

xded Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/om® molecule 1571 factor
17,1 CyHg + M~ CoH, + H + M 4.9x1097% - 18exp(-18722/T)s 72 2 1170
high pressure limit
log(k(N,, 1)/k®) = -0.236+1.35x1075T
-1.99x107672+3 . 44x1071073
700-2500 K, 1 atm (M=Ny)
17,2 CyHg + Hy » CoHg + H 5.1x1072473 - Bexp(-4253/T) 1.5 to 700 K, 1172
<4 at 1200 K
17,3 CyHg + 0y » C,H, + HO, (a) 1.4x10"2exp(-1950/T) 1.5 at 800 K 1173
+ C,H, + OH (b) 1.0x10"Bexp(-3450/T)
17,4  CoHg + H » CyHg (a) k, + ky = 6.0x10711 3 1174
~ CHg + CHy (b) Log(ky/k,) = -1.915+2.69x1073T
-2.35%x107 712
700-2500 K, 1 atm (M=Ny)
-+ CoH, + Hy (o) 3.0x10712 3
17,5 CyHg + O = CHyCHO + H (a) kK, + ky = 1.6 x 10710 2 1175
~+ HCHO + CHy (b) Kyfky = 5% 1
17,6 CyHs + OH = C,H, + Hy0 (a) 4.0x10711 4 1176
+ CHy + H + HCHO (b) 4.0x10%1
17,7 CyHg + HO, = CHy + H,CO + OH (a)  4.0x10711 1176
- CyHg + 0y (b) 5.0x10713
+ CoH, + HyOp (o) 5.0x10713
17,8  CyHg + Hy0, » CoHg + HO, 1.45x10" M exp(-490/T) 5. 1177
17,9 CyHg + Hy0 » C,Hg + OH 5.6x107 1811 44exp(-10150/T) 2 1177
17,10 CpHs + CH, ~ C,Hg + Clg 1.43107257% - Yexp(-6322/T) 2 1177
17,12 CyHg + HCHO ~ C,Hg + CHO 9.12x1072172-81eyp(-2950/T) 2 to 1000 K, 1178
incr. to 5
at 2500 K
17,14 CyHg + CO = C,HSCO 2.5x10"Bexp(-2420/T) /s 2 1178
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CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY

Index of Reactions and S

ry of R

ded Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/om® molecule 1s71 factor
17,15 CyHs + HCO =+ CyHg + CO (a) 2.0x10720 3 1179
+ C,HsCHO (b) 3.0x10712
17,16 CpHg + CHy » CgHy (a) 4.7x10711(300/1)0-3 1.3 1180
high pressure limit
log(k,/k,(®)) = -0.318+1.14x107°T
-8.35x107712-2.16x10" 1113 2
700-2500 K, 1 atm (M=N,)
= CH, + CyH, (b) 0.04 ky(=)
17,17 CyHg + CoHs = CyHy, (a) 1.8x10711 1.2 1181
+ CoH, + CyHg (b) 0.23x10711 1.2
18,1 C,H, - CpH, + Hy 1032- 870 44 oxp(-44670/T)s ™1 3 1182
1og(k/K®) = U.44-2.09x1074T
-2.66x107 712
at 1 atm from 1200-2500 K, (M=Nz)
18,2 CyH, + Hy » CoHg + H 1.7x10"exp(-34300/T) 3 1184
18,3 CuH, + 0, = C,H, + HO, 7.0x10" M exp(-29000/T) 10 1184
18,4  CuH, + H » CyHg (a) 1.4x107 1571 49exp(-499/T) 1.3 to 900 X 1185
high pressure limit
log(k/k®) = -0.236+1.35x107°T 3
-1.99x10757243 . 44x1071073
700-2000 K, 1 atm (M=N,)
+ CoHy + Hy (b) 2.2x1071872. 5835 (-6160/T)
18,5 C,H, + O = CHy + HCO 2.2%107 1871 336xp(-215/1) 1.2 to 940 K, 1187
2 at higher
temp.
18,6 CyH, + OH - CyHy + Hy0 (a) 2.6x1072012- 73exp(-21200/T) 10 1189
CoH, + OH(+M) ~ C,E,OH(+M) (b) 9.0x10712
18,7  C,H, + HO, - CH5CHO + OH 1.0x10" Y exp(-4000/T) 3 at 773K, 1189
10 at higher
and lower T
18,14 C,H, + CO » C,Hy + HCO 2.5%10" Wexp(-45600/T) 5 1190
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Index of Reactions and S

ry of R ded Rate Expressions -~ Continued

No. Reaction Rate Constant Uncertainty Page
k/cm® molecule™ls™1 factor
18,16 C,H, + CHy ~ C,Hy + CH, (a) 1.1x1072373 - Texp(-4780/T) 1101
C,H, + CHy = nCaH; (b) 5.5x10"exp(-3877/T) 1.3
high pressure limit
process is reversed at
high temperatures
18,17 CgH, + CyHg =+ CoHg + CoHy 1.05x1072173- 13exp(-9063/T) 10 1101
18,18 CoH, + CoH, = CoHy + CyHg 8.0x107%6xp(~36000/T) 10. 1192
19,1 CyHy + M+ C,H, + E + M 6.9x1017177 - 4%axp(-22917/T) 10 1193
low pressure limit with Nz
log(k/k,) = -3.00+4.68x1073T
-2.51x10781%+4, 50x1071073
1 atm (M=N,) >700 K
19,2 CpHy + Hy » CoH, + H 5.0x1072072- 83exp(-4208/T) 10 1185
19,3  CyHy + O, » CoH, + HO, 2.0x10723 5 1185
19,4 CgHg + H = CgHp + Hp 1.6x10710 2.5 1105
19,5 CyHy + O » CH,CO + H 1.6x10710 3 1195
19,6 CyBy + OH = Hy0 + C,H, (a) 5.0x10” 32 3 1196
+ CH4CHO (b) 5.0x10”12 3
19,7 CyHg + HO, » OH + CBy + CO 5.0x10711 3 1196
18,8 CyHy + By0, » C,H, + HO, 2.0x10" Yexp(300/T) 10 1196
18,9  CyHy + Hy0 » C,H, + OH 8.0x1072272-Sexp (-7480/T) 5 at T>1000 K, 1198
larger at lower
temp.
18,10 CyHy + CH, - C,H, + CHy 2.4x107 24714 02655 (~2754 /1) 5 at T>1000 K, 1197
larger at lower
temp.
19,11 C,Hy + CpHg =+ CoH, + CyHsg 1.0x107217%- Pexp(-5285/T) 5 at T>1000 K,
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CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY

Index of Reactions and Summary of Recommended Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/cm® molecule™1s™1 factor
19,12 C,Hy + HCHO » C,H, + CHO 9.0x1072172-8loxp(-2950/T) 5 at T>1000 K, 1197
larger at lower
temp.
19,14 CyHy + CO = CoH4CO 2.5x10" exp(-2420/T) 5 1188
high pressure limit
log(k/k®) = -0.34+1.58x1073T
-1.85x107812+2 79x1071073
at 1 atm (M=N,), 700-1500 K
18,15 CyHy + HCO = C,H, + CO (a) 1.5%10710 3 1199
= C,H4CHO (b) 3.0x1071 3
19,16 CpHy + CHy ~ CpH, + CE, (a) 6.5x10713 3 1200
= Cglig + H (b) kytk, = 4.2x10711 2
) high pressure limit
+ CgHg (¢) Log (ky+kg )/ (kptky)® = 0,177
+6.69x1074T-6.04x10™ /T2
+1.07x1071073
ky/k=1.1%1072818 - 52exp(1248/1)
at 1 atm (M=N,), 700-2500 K
19,17 C,Hg + CpHs =+ 1-C,Hg (a) k +ky = 2.5x10711 2 1202
under all pressure and temp.
conditions
+ CyHg + CHy (b) kp/k,=2.5x107 9671125035 (3289/T) 5
at 1 atm, 700-2500 K
+ 2C,H, 0.8x10712 3
+ CoHy + CyHg 0.8x10712 3
18,18 C,Hg + CoH, - C,Hg + H 8.3x10" 13exp(-3676/T) 10 1204
19,18 C,Hy + CyHz =+ C,Hg (a) k +k, = 1.6x10711 2 1204
= CoH, + Colly (b) high pressure limit
= CiHg + B (c) log((k tk )/ (k tk,)o = -0.04
+1.04x1074T-5, 42x107 972
-5.07x107 1113
ko/k, = 1.3x1072778-07exp(41315/7)
at 1 atm (M=N,) from 700-2500 K
ky = 1.6x10712 5
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Index of Reactions and S ry of R yded Rate Expressions -- Continued
No. Reaction Rate Constant Uncertainty Page
k/om® molecule 1s™1 factor
20,1 CpHy » CoH + B 1015-426xp(-62445/1)s ™2 1.5 1207

log(k/k=) — 0.178-3.066x10 4T
-1.331x107 712
1 atm (PFNZ) from 700-2500 K

20,2 CyH, + Hy =+ CoH, (a) 5.0x10" 3exp(-19600/T) 3 1209
log(k/k®) = 0.44-2.09x1074T
-2.66x107 712
+ CyHy + H (B) 4.0x10" Hexp(-32700/T) 10
20,3 CoH, + 0y = C,H + HO, 2.0x10" Hexp(-37500/T) 10 1209
20,4 CgH, + H + M= CyHy + M (a) 1.05x107 7177 - 27 exp(-3632/T) 2 1210
cmBmolecule™2s™1

limiting low pressure expression

in Nz for 700-2500 K

log(k/k(0)) = -3.0+4.68x107°T 2
-2.51x107 67244 50x107 1073

1 atm (M=Ny) 700-2510 X

= C,H + Hy (b) 10" %exp(-11200/T)
20,5 CyH, + O + CHy + CO (a) otk = 2.9x107exp(-1600/T) 1.5 to 600 K, 1212
incr. to 5
at 2500 K
5 C,HO + H (b) ky, = 1.5x10"*lexp(-2285/T)
20,6 C,H, + OH ~ C,H + H,0 2.4x1072072.68, 5 (_s0s0/T) 10 1213
20,7 CyH, + HO, » CH,y=C=0 + OH 1.0x10” Hexp(-4000/T) 10 . 1214
20,14 CuH, + CO - C,H + CHO 8.0x10"0exp(-53700/T) 10 1214
20,16 CyHy + CHy ~ CqHg (a) 1.0x1072exp(-3877/T) 1.3 1214
process is reversed at higher
temperatures
- CH, + C,H (b) - 3.0x20"13exp(-8700/T) 5
20,17 CyHy + Cylig = CoH + Colg 4.5%10" Bexp(-11800/T) 5 1215
20,18 CyH, + C,H, = 2C,H, 4.0x10" Hexp(-34400/T) 10 1215
20,20 CyHy + Coll, » Coliy + CoH 1.6x10” exp(~42500/T) 5 1215
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Index of Reactions and Summary of Recommended Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/cm® molecule ts™t factor
21,2 CyH + Hy » Coly + H 1.9x10" Mexp(-1450/T) 1.3 at 300 K, 1216
incr. to 3
at 2500 K
21,3 CuH + 0, » CO + HCO (a) 4x10712 1.3 at 300 X, 1217
incr. to 10
at 2500 K
~ HC,0 + 0 (b) 1x10712
21,4 CyH + H - CpH, (a) 3.0x10710 1.5 1218
high pressure limit
log(k/k®) = 0.005+7.85x107 T 2
-1,77x107 712
(MN,) at 1 atm, 700-2500 X
- C, + Hy (b) 6.0x10" lexp(-14223/T) 10
21,5 C,H + 0+ CH + CO 3.0x107 11 3 1219
21,6 C,H + OH = C,H, + O (a) 3.0x10711 10 1219
= CH, + CO (b) 3.0x10711 10
21,7 CyH + HOp + CoHy + O, 3.0x10711 10 1219
» HC,0 + OH 3.0x10711 10
21,10 C,H + CH, ~ CpH, + CH, 3.0x10"2exp(-250/T) 1.3 at 300 K, 1220
incr. to 3
at 2500 K
21,11 C,H + CpHg + CoH, + Cylg 6.0x10712 1.3 at 300 K, 1221
incr. to 3
at 2500 K
21,14 C,H + CO = G,HCO 2.5x10" Vexp(-2420/T) 10 1221
reaction reversed at
high temperatures
21,15 C,H + HCO » C,H, + CO 1.0x10710 3 1222
21,16 CyH + CHy = C4Hy + H 4.0x10711 3 1222
21,17 CpH + CyHs ~ CpHy + Col, (a) 3.0x10712 3 1222
+ gy + CHy (1) 3.0x10711 3
21,18 CuH + CyH, » C,H, + H 2.0x10711 3 1222
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Index of Reactions and S ry of R ded Rate Expressions -- Continued
No. Reaction Rate Constant Uncertainty Page
k/cm® molecule 1s™1 factor
21,18 C,H + CyHy = C,E, (a) Kk tky, = 3.0x10711 2 1223
+ C,Ha + H (b) K/, = 8.5x1072078- 23655 (1660/T) 3
(M=N,) at 1 atm, 700-2500 K
~ CoH, + C,H, (c) 1.6x10712 3
21,20 CyH + Coliy + C,Hy + B 4.0x10712 1.2 1224
21,21 C,B + C,H =+ C,H, (a) ko+ky = 3.0x10711 2 1225
+ C,H + B (b) ky/k, = 8.3x1071715-290xp(1611/T)
(M=Nj) at 1 atm, 700-2500 K
~ CyH, + C, 3.0x10712 3
22,1 CHyCO + M = CHy + CO + M 1.45%1019778-620xp(-11284/T) 2 1226
limiting low pressure rate
for Nz, 500-2500 K
log k/k, = -0.54+8.68x10™4T
-3.34x10" 772
22,2 CH4CO + Hy - CHyCHO + H 6.8x107 1871.8245(-8862/T) 3 1229
22,3 CH4CO + O, = CE4C00, 3.0x10712 2 1228
' reaction reversed at
at high temperatures
22,4 CHyCO + H » CHy + HCO 1.6x10710 3 1230
22,5 CHaCO + O ~ CHy + CO, 1.6x10712 3 1230
22,6  CHyCO + OH = CH,CO + Hy0 (a) 2.0x10711 3 1230
+ CHy + CO + OH (b) 5.0x10711 3
22,7 CHCO + O, =+ CHy + CO, +. OH 5.0x10711 3 1230
22,8 CHyCO + Hy0, + CHaCHO + HO, 3.0x10™ 3exp(-4140/T) 5 1231
22,10 CH4CO + CH, - CHgCHO + CH, 3.6x1072112-886xp (-10800/T) 5 1231
22,11 CHZCO + Cyllg + CpHs + CHyCHO 3.0x1072072- 7Sexp(-8820/T) 5 1231
22,12 CH4CO + HCHO - CHyCHO + CHO 3.0x10" 1exp(-6500/T) 10 1231
22,15 CHCO + CHO =+ CH,CHO + CO (a) 1.5x10711 3 1232
~ CHaCOCHO (b) 3.0x10 11 3
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Index of Reactions and S

y of R

ded Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/cm® molecule™ds™1 factor
22,16 CHgCO + CHy - CHyCOCH, 6.7x1079770-8 1.5 1232
high pressure limit
log(k/k®) = ~0.44+1,80x1073T 2
-1.7x107572%+1 g3x1071013
22,17 CH4CO + CyHg - C,H5COCH, 5.19x10710770.5 2 1234
22,18 CH,CO + CyHy ~ CHy + COC,H, 3.0x10711 3 1234
22,21 CR4CO + CoH = C,HCO + CH, 3.0x10711 3 1234
22,22 CHZCO + CHyCO = GH3GOCOCH, z.ux1u™1 2 1234
23,1 CHg0p + M=~ CHy + Oyt M 1.2x10257720. 02,05 (~16731/T) 3 1235
limiting low pressure rate
log(k/ky) = -2.54+4.6x1073T 2
-2.69x107812+5. 06x1071073
1 atm (M=Np), 700-1500 K
23,2 CHg0, + H, - CH0,8 + H 5.0x10"exp(-13100/T) 10 1237
23,4  CHy0, + H - CHy0 + OH 1.6x10710 3 1237
23,5 CHy0, + 0 » CHy0 + O, 6.0x10711 5 1237
23,6 CHy0p + OH - CH0H + O, 1.0x10710 5 1238
23,7 CHy0, + HO, = CHy0,H + 0, 7.7x10"Mexp(+1300/T) 5 1238
23,8  CHy0, + H,0, - CHy00H + HO, 4.0x10™ 2exp(-5000/T) 10 1238
23,10 CHy0, + CH, ~ CHy00H + CH, 3.0x10"*3exp(-9300/T) 10 1239
23,11 CHy0, + CyHg + CHzO,H + CpHs 4.9%10 13exp(-7520/T) 10 1239
23,12 CHy0, + HCHO + CHyO,H + CHO 3.3x1072exp(-5870/T) 10 1239
23,15 CHy0, + HCO + CHZ0 + H + CO, 5.0x10711 3 1239
23,186 CHaoz + Cl-l3 - 2CH3O 4.0x10"11 3 1240
23,17 CHzOp + CyHg = CHy0 + CoHs0 4.0x1071% 3 1240
23,19 CHy0, + CyHy = CH0 + C,H;0 4.0x10711 3 1240
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Index of Reactions and S y of R ded Rate Expressions -- Continued
No. Reaction Rate Constant Uncertainty Page
k[::m3 molecule lg™1 factor
23,21 CHg0, + CoH - CHg0 + HC,0 4.0x10712 3 1240
23,22 CH30, + CHyCO » CHy + CO, + CHz0  4.0x10711 3 1241
23,23 2CHg0, ~ 2CHZ0 + O, (a) 1.3x10713 2 at 300 K, 1241
+ CHyOH + HCHO + O, (b) 2.1x10713 considerably
~+ CH30,CHy + 0, (c) <3.0x10714 larger at
high temp.
24,1 CHy0 + M~ HCHO + H + M 6.5x1013776-850xp(-16740/T) 4 1242
(M=N,), 700-2500 K to 10 atm
24,3 CHg0 + 0, = HCHO + HO, 1.1x10713¢-1310/T) 10 at 300 K, 1243
2 (T>400 K)
24,4 CHR0 + H - HCHO + H, 3.3x10711 3 1243
24,5 CH0 + O + CH,O + OH 1.0x10712 5 1244
24,6 CHy0 + OH - CH,0 + H,0 3.0x10712 5 1244
24,7 CHg0 + HOp -+ CHy0 + H,yO, 5.0x10713 10 1244
24,10 CH,0 + CB, - CH,OH + CH, 2.6x10" Pexp(-4450/T) 3 1244
24,11 CHg0 + CHg + CHOH + C,Hs 4.0x10" Bexp(-3570/T) 3 1245
24,12 CHy0 + HCHO -+ CH,OH + HCO 1.7x10" Pexp(-1500/T) 3 1245
24,14 CHz0 + CO + CHy + CO, 2.6x10"exp(~5840/T) 5 1246
24,15 CHg0 + HCO + CHyOH + CO ' 1.5x10710 3 1246
24,16 CHg0 + CHy + CH30 + CH, (a) 4.0x10711 5 1247
+ CH30CH; (b) 2.0x10"11
24,17 CEz0 + CyHs - HCHO + C,Hg 4.0x10712 5 1247
24,18 CH30 + C,H, + products 2.0x1073exp(-3400/T) 10 1248
24,18 CHz0 + C,Hy -+ HCHO + C,H, 4.0x10711 - 5 1248
24,20 CH30 + CpH, = products 2.0x10*3exp(-10000/T) 10 1249
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Index of Reactions and Summary of Recommended Rate Expressions -- Continued

No. Reaction Rate Constant Uncertainty Page
k/em® molecule”ls™1 factor
24,21 CHy0 + C,H - HCHO + C,H, 4.0x10711 5 1249
24,22 CHy0 + CHyCO + CH,OH + CH,CO (a)  1.0x1071? 0 1250
-~ HCHO + CH4CHO (b)  1.0x10711 10
24,23 CHg0 + CHy0, - HCHO + CHy00H 5.0x10713 10 1250
24,24 CHy0 + CHg0 ~ CHy0 + HCHO (a) 1.0x1070 5 1251
~ CH300CH; (b) 3.0x10” 12
25,1 lcm, + N, + 3ch, + N, 1.0x10711 1.3 1252
25,2 cH, + Hy » CHy + H 1.2x10710 _ 1.3 1253
25,3 1cnz + 0, - proaucts 5.2x10"11 1.6 1253
1 : -11
25,4 ICHy + H = CH + Hy 5.0x10 3 1254
25,5 ICH, + 0~ CO + 2H (a) 2.5x10711 3 1255
= €O + Hy (b) 2.5x10732 3
25,6 ICH, + OH - HCHO + H 5.0x10"1? 3 1255
25,7 lcH, + HO, » HCHO + OH 5.0x10711 3 1255
25,8 ICH, + Hy0, - CHy0 + OH 5.0x107 12 3 1255
25,9 lcH, + Hy0 + CH,OH 3.0x107%1 3 1256
25,10 cB, + CH, ~ Colg" = 2CH, 7.1x10711 1.5 1256

1 *
25,11 CH, + CyHg CBHB d

CHy + C,Hs 1.9x10720 2 1257
25,12 lcH, + HCHO - CHy + HCO 2.0x10712 5 1258
25,13 lcH, + CO, + products 5.0x10712 5 1258
25,14 1CH, + CO - products 5.2x10711 1.4 1259
25,15 lcH, + HCO -+ CHy + éo 3.0x10711 3 1259
25,16 ICH, + CHy » C,H, + H 3.0x10711 3 ' 1260
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Index of Reactions and Summary of Recommended Rate Expressions -- Continued

No. Reaction Rate Const.ant. Uncertainty Page
k/em® molecule 1s™1 factor
25,17 CH, + C,Hg =+ C,H, + CHy (a) 1.5x10711 3 1260
+ CqHg + H (b) 1.5x10712 3
25,18 lcE, + C,B, ~ CuHg 1.5x10710 2 1260
25,19 ICH, + C,Hy = C,H, + CHj 3.0x10712 3 1261
25,20 IcE, + C,H, ~ C,H, 1.0x10720 10 1261
25,21 ICHy + C,H + C,H, + CH 3.0x107 12 3 1261
25,22 1CH, + CH4CO » CHy + CH,CO 3.0x10712 3 1262
25,23 ICH, + CH,0, = C,Hg + O, 3.0x10711 3 1262
25,24 CH, + CBy0 + CH, + HCHO 3.0x10711 3 1262
25,25 B, + lcH, -+ products 5.0x10712 5 1262
26,1 CB, + N, + products <1.0x10716 1263
26,2 ScH, + B, + CHy + B <5.0x10713 1263
26,3 SCH, + 0, » B + CO + OH (a) 1.0x10712 2 1264
= By0 + CO (b) 4.0x10713
26,4 3CH, + B+ CH +H, 2.7x10710 2 1265
26,5 ICH, + O ~ CO(v>0) + 2H (a) 1.0x10712 2 . 1265
+ CO(v>0) + Hy, (b) 1.0x10711 2
26,6 3CH, + OH - HCHO + H 3.0x10711 3 1266
26,7 S3cH, + HO, ~ products 3.0x10711 ‘ 3 1266
26,8 3cH, + Hy0, + CHy + HO, <ix10714 1286
26,9 ScH, + H,0 » CHy + OB <1x10716 1266
26,20 3cm, + cm, ~ cy + oy <3.ox10"1° 1267
26,11 3CH, + CpHg =+ products <3.0x10"1¢ 1267
26,12 3cH, + HCHO + CH, + HCO <1.0x10714 : 1267
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Index of Reactions and S

ry of R ded Rate Expressions -- Continued

No. Reaction Rate Constant . Uncertainty Page
k/cm3 molecule” ls™1 factor
26,13 3cH, + CO, » HCHO + CO 3.9x107 14 1.6 1268
26,14 3CH, + CO + CH,CO <1.0x10713 1268
26,15 ScH, + HCO ~ CHy + CO 3.0x10711 3 1269
26,16 SCH, + CHy - C,H, + H 7.0x10711 2 1269
26,17 3cH, + C,Hs -+ CHy + C,H, 3.0x10712 3 1269
26,18 SCH, + C,H, ~ Cglg <3.0x107 14 3 1270
26,19 3CH, + CyHy = CHy + CpH, 3.0x10711 3 1270
26,20 3CH, + C,H, = CaH, 5.8x1071% 2 1270
26,21 3CH, + C,H » CH + C,f, 3.0x10711 3 1271
26,22 SCH, + CH30, - CHy + CH,CO 3.0x10711 3 : 1271
20,23 Scmy + cHzo, ~ HCHO + CHg0 3.0x10” 1t 3 1271
26,24 3CH, + CH30 -+ CHy + HCHO 3.0x10711 3 1272
26,25 3cH, + lCH, + products 3.0x10711 3 1272
26,26 ScCH, + 3cH, ~+ praducts 5.3x10"11 3 1272

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1108 W. TSANG AND R. F. HAMPSON

3. Chemical Kinetic Data Tables

2,1 Hy +M~28+M

Conditions Reaction rate constant, Uncertainty
Reforence Temp. /K [M]/molecule cm-3 k/cm3moleculg-1s-1 factor
Cohen, Westberg 600-2000 7.6x107°T 1 Yexp(-52530/T) 3
(1983) evaln. (M=Nj,)
600-5000 9.7x107 8171 Lexp(-52530/T) 2
(M=Ar)
600-2000 1.4x107%77 1 Lexp(-52530/T) 10
(M=H,0)
Comments and Recommendations
This is a comprehensive review of an extensively studied system. Earlier results
from more than 50 studies were critically evaluated by Baulch et al. (1972).
(R. ¥. Hampson, May 1983)
References
Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd{ A. C., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous
Gas Phase Reactions of the Hy~0, System,"” (Butterworths, London, 1972)
Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions," J. Phys. Chem. Ref. Data 12, 531 (1983)
3,1 0, +tM>0+0+M
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M]/molecule cm o k/cmomolecule” ls™1 factor
log KP = 4.79 + 0.58 log T - 26115/T
Baulch, et al, 3000-18000 3.0x10761 Lexp(-59380/T) 2
(1976) evaln. (M=Ar)
16.3T"2- Sexp(-59380/T) 2.5

(M=0,)

Comments and Recommendations
This is a comprehensive review of an extensively studied system.

(R. F. Hampson, May 1983)

References

Baulch, D. L., Drysdale, D. D., Duxbury, J., and Grant, S. J., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 3: Homogeneous
Gas Phase Reaction for the 02—03 System, the CO-OZ—HZ Systems and
of Sulphur-Containing Species," (Butterworths, London, 1976)
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3,2 0y + Hy » H+ HOp

Comments and Recommendations

On the basis of the rate of the reverse reaction (7,4) k(H + HOZ - Hz + 02)=
l‘1:{10-10exp(-1070/'1')(:msmolecule']‘s_1 and thermodynamic data, we suggest
k=2‘..lutlo—wexp(—26500/'.l‘)cm:‘)mcalecu].e_ls_1 with an uncertainty of a factor of 5 for
the temperature range 300-800 XK. This expression has been adjusted from the
expression in Baulch et al. (1972) to allow for newer thermochemistry for HO, and a
different recommendation for k... See that review for a discussion of earlier data.

(R. F. Hampson, May 1983)

References
Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. C., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous

Gas Phase Reactions of the Hy-Oy System," (Butterworths, London, 1872)

4,3 H+ 0y, ~+ OH + 0 (a)
H+ 0, +M- HO, + M (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule em ™3 k/t.‘.mamolet:'.xle_]'s-1 factor
Cohen, Westberg (1983) 300-2500 k,=2.8x10" 7770 %exp(-8750/T) 1.3 for
review T>1250 K

incr. to 2

at 300 K

CODATA (1984) evaln.  200-400 kp=5.9x10732(300/T)"1-0 1.3 at
enPmolecule™®s™ (M=0, N,) 298 X
(M=0,, Np)

NASA (1985) evaln. 200-300 ky,=5.5x10"32(300/T)"1-6

cmBmolecule 2571

Comments and Recommendations

There have been numerous measurements of reaction rate (a) at temperatures
greater than 780 K. The recommendation given in the comprehensive review of
Cohen and Westberg is accepted. It is based on the most accurate of these
and also on measurements of the reverse rate at lower temperatures and
equilibrium constant data. Rate data for the low pressure three-body

reaction (b) are discussed in CODATA(1984) and NASA(1985).
(R. F. Hampson, May 1983)

References

CODATA(1884). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

1109

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1110 W. TSANG AND R. F. HAMPSON

Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions,” J. Phys. Chem. Ref. Data. 12, 531 (1883)
NASA(1985). Chemical Kinetics and Photochemical Data for Use in Stratospheric
Modeling. Evaluation Na. 7, NASA Panel for Data Evaluation, JPL Publication

85-37 July 1985

4,6 H+HE+M-H, +M

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K (Ml /molecule cm o k/cm molecule 1571 factor

log Kp = -2.84 - 0.9 log T + 22815/T

Cohen, Westberg (1983)  77-2000 ’ 1.5x107297"1-3¢mbrolecule™2s™! 2
evaln. (M=Ny)
77-5000 : 1.9x107 307 LemBmotecule™2s™t 2
. (M=Ar)
300-2000 2.8x10 2°T lcmCmolecule 2s 1 10
(M=H,0)
Cc s and R dations

The recommendations of Cohen and Westberg are based on low-temperature measure-
ments of the hydrogen atom rocombination rcaotion and shock tube studies of

Hy dissociation. Earlier results were critically evaluated by Baulch et al. (1972).

It should be noted that Hy0 is a2 much more efficient third body than Ar by a
factor of approximately 15.
(R. F, Hampson, May 1983)

References

Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. C., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous
Gas Phase Reactions of the HZ-OZ System,"” (Butterworths, London, 1972)

Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions,” J. Phys. Chem. Ref. Data 12, 531 (1883)

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY 1111

5,2 0+H, +OH+H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M]/molecule cm 3 k/cmPmolecule” 1s™1 factor
Cohen, Westberg (1983) 300-2500 1.8x1072012-8¢xp(-2080/T) 1.6 for
review T=400-1000 K
incr. to
2 at 1600 K

C ts and R dations

Theré have been numercus studies of this reaction rate. The recommendation given in
the comprehensive review by Cohen and Westberg is based on the most accurate of these
and is accepted.

(R. F. Hampson, May 1983)
References

Cohen, N., and Westberg, X., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions," J. Phys. Chem. Ref. Data 12, 531 (1983)

5,4 O+B+M-0H+M

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™2 k/cm molecule™ 1571 factor
Baulch, et al. (1872)  300-3000 1.3x10731-gx10730
cmsmol_ggulg—zs'l .
Day, et al. (1973) 1000 . 1.3x10 cm®molecule 251 10

C ts and R dations

There are no definitive measurements on the rate of this process. Numbers given

in the literature are rough estimates. We suggest using k(O + E + M) = .
1.3x1072%1 1emBmolecule™s™ 1. Baulch et al. have summarized other estimates. They
range from 10723 to 1073%mOmolecule™2s"1. The uncertainty is a factor of 10. This
reaction is not very important under combustion conditions.

(W, Tsang, May 1983)

References

Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. €., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous
Gas Phase Reactions of the HZ—OZ System," (Butterworths, London, 1972)

Day, M. J., Thompson, K., and Dixon-Lewis, G., "Some Reactions of Hydroperoxyl
and Hydroxyl Radicals at High Temperatures," Symp. Combust. 14, (Combustion
Institute, Pittsburgh, 1973) 47
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5,5 0+0+M-~ 0, +M

Conditions Reaction rate constant, Uncertainty
Reference : Temp. /K [M]/molecule cm 3 k/cmPmolecule 1s™1 factor
Hampson (1880) review  200-4000 5.2%x107356exp(900/T)  (M=Ar) 1.3
cmPmolecule 2571
2000-10000 1.7x10732771/2  (u=N,)
cm®molecule™2s™1
2.2x10728773/2  (m=0,)
omPmolecule 2571
Cc ts and R dations

This is a widely studied system and the data have been extensively reviewed.
Details are given in the evaluation of Baulch et al. (1976). We recommend
the use of the rate expression for the appropriate collision partner.

(W. Tsang, May 1983)

References

Baulch, D. L., Drysdale, D. D., Duxbury, J., and Gramnt, S. J., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 3: Homogeneous
Gas Phase Reaction of the 02-03 System, the CO-OZ—HZ Systems and
of Sulphur-Containing Species," (Butterworths, London, 1976)

Hampson, R. F., "Chemical Kinetic and Photochemical Data Sheets for Atmospheric
Reactions," Rept. No. FAA-EE-80-17, U. S. Dept. of Transportation, FAA,
Washington, D.C. 20234

6,1 CH+M~-O0+H+M

log K = 5.8041 - 23201.8/T + 231064.2/T% - 1.82927x107 /T3

Comment.s and Recommendations

There are no direct measurements. Consistency with the reverse process
O+ H+ M- OH +M, whose rate is also an estimate, yields through the
equilibrium constant:

kK(OH + M) = 4x10 axp(-50000/T)
Uncertainty is a factor of 10.
(R. F. Hampson, May 1983)
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6,2 OH + Hy » B + H0

1113

Cunditions Recaction rate constant, IIncartainty
Reference Temp. /K [M] /molecule cm 2 k/cmamolecule—ls'l factor
Cohen, Westberg (1983) 240-2400 1.06x10" 17 12exp(-1490/T) 1.4 to 3
review
CODATA (1884) evaln. 200-450 7.7x10'12'exp(-2100/'r) 1.3
C its and R dations

Cohen and Westherg’s comprehensive survey covers 15 measurements over a wide
temperature range and should be used. The CODATA (1984) evaluation for the
lower temperature range (200-450 K) is in good agreement.

(W. Tsang, May 1983)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions," J. Phys. Chem. Ref. Data 12, 531 (1983)

6,3 OH + 0, » O + HOy

log Kp = 0.0976 - 11622.6/T + 28230.4/1‘2

Comments and Recommendations

Using the rate of the reverse process (7,5) k(O + HOp) = 2.9x10"11exp(200/T)cm’molecule s~

and the equilibrium constant, we derive
k = 3.7x10" 1lexp(-26500/T)cmPmolecule 1571

The uncertainty is a factor of 3.
(W. Tsang, May 1Y83)

1

»

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1114 W. TSANG AND R. F. HAMPSON

6,4 OH+H=0+H, (a)
OH + H+ M~ H)0 + M (b)

Conditions

Reference Temp. /K [M]/molecule cm >

Reaction rate constant,

k/cm®molecule ts™1

Uncertainty

factor

Cohen, Westberg (1983) 300-2500
review

Zellner, et al, (1977) 230-300

Baulch, et al. (1972) 1000-3000

k,=8.1x10"2172-8exp(-1950/T)

ky, (He)=4.3x10723(772-6)
cmPmolecule 2571
ky, (Ar)=1.5 ky (He)
em®molecule™2s™1
Ky (N5)=3.2 ky, (He)

cm®molecuie 2571

ky, (N)=6.1x10726(172)

Bmolecule™2s™1

cm
Relative M-efficiencies:

No(1.0), Ar(0.38), Hy0(6.3)

C s and R dations

There has been no direct measurement of k,. The expression recommended by Cohen and

Westberg is based on an extensive review of the reverse process. The determination of

k;, by Zellner et al. is in reasonable agreement with the recommendation of Baulch et al.,

and it would appear that the recommended expression given by Baulch et al. is valid over

the entire temperature range.

(W. Tsang, May 1983)

References

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

Kinetic Data ror High Temperature Reactions, Vol. 1:

Homogeneous

Gas Phase Reactions of the HZ—OZ System," (Butterworths, London, 1972)

Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-

Tempexature Chemical Reactions,” J. Phuys. Chem. Ref. Data 12, 531 (1883)

Zellner, R., Erler, K., and Field, D., "Kinetics of the Recombination Reaction

OH+H+M-=~ Hy0 + M at Low Temperature,” Symp. Combust. 16, (Combustion

Institute, Pittsburgh, 1077) 0390
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6,5 OH+ 0= H+0,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm ° k/cmPmolecule 1571 factor
Cohen, Westberg (1983) 200-2500 7.5%107 10770 Sexp(-30/T) 1.4
review
CODATA (1984) evaln.  220-500 2.3%10 " Mexp(+110/T) 1.2
C ts and R dations

Cohen and Westberg’s analysis involves low temperature direct measurements and rates of
the reverse process at higher temperature and is accepted. The CODATA (1984) evaluation is
based on two more recent studies and is in essential agreement with the earlier assessment.

(W. Tsang, May 1983)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions,™ J. Phys. Chem. Ref. Data 12, 531 (1883)

6,6 OH + OH -+ Hy0 + 0 (a)
OH + OH + M -~ H,0, + M (b)

Conditions ’ Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule em™3 l'tlcmamolet:ule'ls-1 factor
Cohen, Westberg (1983) 300-2000 ko=3.5x107 1611 Yaxp(200/T) 2
review
NASA (1985) evaln. 200-300 k=4.2x10"12exp(-240/T)
ky,=6.9x10731(300/7)0-8
cmPmolecule 2571 _(M=Ny)
Wagner, Zellner (1981) 250-580 k,=3.2x10" Y2exp(-240/T)
250-2000 k, =exp(-27.73+1.49x1073T)
(expression recommended by
authors over this temp. range)
c ts and R dations

The expression of Cohen and Westberg for k, represents a best fit of room temperature

and shock tube data in the 1000-2000 K range. It is in substantial agreement with the
NASA evaluation and the work of Wagner and Zellner. The rate of reaction (b) is derivable
from rates of the reverse reaction (8,1). In the strong collision limit,

kyo = 2.9x10723(1/7)2- 13cmBmolecule™s ™! with an uncertainty of a factor of 2. Collision efficiency

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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as a function of temperature and step size can be found in Table B. For Ny a step size for

deactivation of 800 cm ! leads to ky(Np, 1 atm) = 1.6x10 23T 3emPmolecule™2s™1(500-2500 K).

It is near the low pressure limit and also applicable up to 10 atm. However, the
temperature dependence is different than that measured between 200-300 K. From the
reverse process, step size for deactivation with argon is ~8600 em™1 leading to a rate

of about a factor of 1.6 slower than that for Nz. HzO is strong collider. For other
1

polyatomics we suggest using step sizes in the 1000-2000 cm™

corrections can be found in Table A.

range.

The uncertainty is a factor of 2.

Small pressure

Table A. Values of log(k/kbo): dependence on concentration and temperature.
log{M]/ T/K
300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
7.0 -0.05 -0.03 -0.02 -0.02 =-0.01
18.0 -0.17 -0.10 -0.06 -0.05 -0.05 -0.04 -0.03 -0.03 -0.03 ~-0.02 -0.01 -0.01
18.0 -0.43 -0.28 -0.17 -0.14 =-0.14 -0.12 -0.10 -0.08 -0.08 ~0.07 ~0.06 -0.05
20.U0 -u.8/ -0.68 -0.55 -0.44 -0.38 ~-0.33 -0.28 -0.286 -0.27 ~0.21 -0.19 -0.17
21.0 -1.81 -1.43 -1.03 -0.91 -0.91 -0.81 -0.73 -0.66 -0.61 -0.55 ~-0.50 -0.47
Table B. Collision efficiency B, as a function of downward step size
and temperature for process b.
T/K Step-size (em™1)
150 300 600 1200 2400
300 0.16 0.32 0.52 0.70 0.83
500 0.077 0.19 0.37 0.57 0.74
700 0.044 0.12 0.27 0.46 0.66
900 0.028 0.082 0.20 0.38 0.58
1100 0.018 0.058 0.15 0.31 0.52
1300 0.013 0.042 0.12 0.26 0.46
1500 9.5x10_3 0.032 0.001 0.22 0.40
1700 7.1x10'3 0.024 0.072 0.18 0.35
1900 5.3x1073 0.019 0.058 0.15 0.31
2100 4.1x1073 0.015 0.046 0.13 0.27
2300 3.2x1073 0.015 0.038 0.10 0.24
2500 2.5x1073 0.009 0.031 0.089 0.21

(W. Tsang, October 1884)

References

Cohen,. N., and Westberg, K., "Chemical Kinetic Data Sheets for High-

Temperature Chemical Reactions," J. Phys. Chem. Ref. Data 12, 531 (1983)
NASA(1985).

Modeling.

Chemical Kinetics and Photochemical Data for Use in Stratospheric

Evaluation No. 7, NASA Panel for Data Evaluation, JPL Publication
85-37 July 1985

Wagner, G., and Zellner, R., "Temperature Dependence of the Reaction

OH + OH - HZO + 0," Ber. Bunsenges. Phys. Chem. 85, 1122 (1981)
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7,1 HO, + M~ H+ 0,

Conditions Reaction rate constant, Uncertainty

3 -igm1 factor

Reference Temp. /K {M] /molecule cm” k/cmamclecule

log Ky = 5.6741 - 11484.3/T + 147979/12

Baulch, et al. (1872) 300-2000 3.5x10-93xp(*23000/T) (M=Ar)

Ci ts and R dations

There are no direct experimental measurements on this system. From the
equilibrium constant and the reverse reaction, we obtain:
ko = 2x1075771-38exp(-24363/T)cmdmolecule 1s™1  300-2000 K (M=N,)
ko = 6.3x107 7T+ 78exp(-24350/T)cm®molecule ts™1  300-2000 X (M=Ar)

The uncertainty is a factor of 3.

The expression for Ar given here is different from that of Baulch, et al.,

due to new reverse rates and thermochemistry. It is based on the evaluation
of the reverse process by Slack (Combust. Flame 28, 241 (1977)). Collisional
efficiencies at room temperature from the reverse process on a pressure basis
are Ar(1), N,(2.8), He(1), Hy(3.0), CH,(21). The value for CH, seems extremely
high. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

References
Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. C., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous

Gas Phase Reactions of the HZ-OZ System," (Butterworths, London, 1972)

7,2 HO, + H, » B0, + H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /X {M]/molecule cm 2 k/cmamolecule'1§-1 factor

log Kp = =-0.2071 - 4071.5/T + 103193.B/T2 - 0.94947x107/T3

Baldwin, Walker (1979) 773 2.7x10718
Hampson (1980) review 300-800 1.2x10" 12exp(-9400/T)

Comments and Recommendations

The Arrhenius expression given above was obtained on the basis of the measurements of Baldwin
and Walker and values calculated from the rate constants of the reverse process.

H + Hy0p » Hy + HO, (8,4a). These measurements (8,4) may be subject to some ambiguity. We
suggest the use of k(HO, + Hy - Hy0, + H) = 5x10-J'lexp(-13100/T)<:m3mole:<:uleﬁls—1 in order
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Lo take into sccount now thermochemistry for HO,. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

References

Baldwin, R. R., and Walker, R., "Rate Constants for Hydrogen + Oxygen System,
and for H Atoms and OH Radicals + Alkanes,"” J. Chem. Soc., Faraday Trans.
I 75, 140 (1979)

Hampson, R. F., "Chemical Kinetic and Photochemical Data Sheets for Atmospheric
Reactions," Rept. No. FAA-EE-80-17, U.S. Dept. of Transportation, FAA,
Washington, D.C.

7,4 HO, + H ~ 20H (a)
- Hy + 0, (b)
=+ Hy0 + 0 ()

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/<:m:‘]1'm:;lecul_e—ls-1 factor
CODATA (1984) evaln. 298 k,=6.4x10711 1.5
k,=6.7x10717 z
k=3.0x10712 3
Baldwin, et al. (1874) 773 ka4 = 1.6x10710

kp-2.8x10” 11

determined from

Ko4o/K(H + 05 + HO + 0) x
k1/2(2H0, + Hy0, + 0,) and

kp/k(H + Oy + HO + H) x
172
x1/2(250, + H,0, + 0,)

Comments and Recommendations

Combination of the high temperature data of Baldwin et al. assuming k, >>k, and

the room temperature results of Sridharan et al. yields k, = 2.8x10'1°exp(-4h0/f)
and ky = 1.1x10" Pexp(-1070/T) cm’molecule ts™1 over the temperature range 298-773 K.
The recent room temperature results of Sridharan et al. which provide the

basis for the CODATA recommendation are preferred over earlier room temper-

ature data. The uncertainty is a factor of 2.

(R. F. Hampson, October 1883)

References
Baldwin, R. R., Fuller, M. E., Hillman, J. S., Jackson, D., and Walker, R. W.,
"Second Limit of Hydrogen + Oxygen Mixtures: The Reaction H + HO,,"
J. Chem. Soc., Faraday Tramns. I 70, 635 (1974)
CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:

Supplemeni II. CODATA Task Gruup uvn Gas Fhiase Chemical Kinetics, J. Fnys.

Chem. Ref. Data 13, 1259 (1984)
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Sridharan, U. C., Qiu, L. S., and Kaufman, F., "Kinetics and Product Channels

of the Reactions of HOZ with O and H Atoms at 296 K," J. Phys. Chem. 86, 4569 (1982)

7,5 HO, + 0~ OH + 0,

Conditions Reaction rate constant, Uncertainty
Reference ' Temp. /K [M]/molecule cm™ 2 k/emPmolecule st factor
CODATA (1984) 200-400 2.9x10" Llexp(+200/T) 1.25
298 5.7x10711

Comments and Recommendations
The CODATA values are based on results of four recent direct studies which
are in good agreement.

(W. Tsang, May 1983)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

7,6 HO, + OH - H,0 + 0,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm™3 k/cm®molecule”1s™1 factor
Troe (1968) 1400 1.6x10712 2
Shock tube decomposition
of Hy0,
CODATA (1984) evaln. 298 (6.6+4 ., 4xP(atm))x10711 1.6

Comments and Recommendations

The room temperature value of this rate constant is near the collisional rate and is
reasonably well established. The higher temperature results are somewhat less certain.
There is the possibility of a small negative temperature dependence and the expression
2.4x10787 Lemdmolecule ts™1 is suggested. The uncertainty is a factor of 2.

(W. Tsang, May 1983)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

Troe, J., "Ultraviolettspektrum und Reaktionen des HO,-Radicals im Thermischen
Zerfall von Hzoz," Ber. Bunsenges. Physik. Chem. 73, 846 (1879)
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7,7 BO, + HO, ~ H,0, + O,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M} /molecule cm™ S k/cmomolecule 171 factor
Walker (1975) review 300-1200 3.3x10712
CODATA (1984) evaln.  230-420 2.2x10"13exp(600/T) +
1.9x10733(N,]exp(980/T)
208 1.5%10712 + 5 4x107321N,1

Cc s and R dations

There is some evidence of temperature and pressure dependence for this reaction near room
temperatures. We suggest using 3x10'120m3molecule_1s'1 at all temperatures with an
uncertainty of a factor of 3 for temperatures in excess of 500 K.

(W. Tsang, May 1983)

References

CODATA(1984), Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

Walker, R. W., "A Critical Survey of Rate Constants for Reaction in Gas-
Phase Hydrocarbon Oxidation,” in "Reaction Kinetics," A Specialist Report

(The Chemical Society, Burlington House, London, 1875) Vol. 1, pg. 161

8,1 Hy0p + M~ 208 + M

Conditions Reaction rate constaht, Uncertainty

Reference Temp. /K [M]/molecule em™3 k/cmamolacule_ls_l factor

log Kp = 7.363 - 11385.8/T + 138674/T%

Baulch, et al. (1872) 700-1500 2x10_7exp(-22900/T) (M=N,)
review Relative M-efficiencies:

Ar(0.7}, 0,(~0.7), Hy0(~6)

Ci its and R dations

The recommended expression given by Baulch, et al. is derived from a comprehensive review

of experimental results. RRKM calculations are in very good agreement with experimental

data in both forward and reverse directions (see data sheet for reverse reaction). The
bimolecular rate expression (strong collision limit) is ko=103‘77(1/T)2'87exp(-25899/T)
cmamolecule'ls'l. The small pressure dependence and the dependence of collision efficiency on
temperature énd step-size down can be found in Tables A and B. The recommended rate expression is:
KNy, 1 atm) = 109-33(1/T)%8Oexp(-26795/T)ommolecule 1s™1 (T>500 K) with step size for

deactivation for N, of 800 em™l. This is essentially the limiting low pressure expression
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and is also applicable up to 10 atm. Step size for argon should be ~600 em™L. Hy0 is a

strong collider. We suggest the use of step sizes of 1000-2000 em™} for other polyatomics.

The estimated uncertainty is a factor of 2.

Table A. Values of log(k/k,): dependence on concentration and temperature.

log[M1/ T/K
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
17.¢ ~-0.05 -0.03 -0.02 -0.02° -0.01
18.0 -0.17 -0.10 =-0.07 -0.06 -0.05 -0.04 -0.03 -0.03 -0.02 -0.02 -0.01 -0.01
19.0 -0.43 -0.28 -0.20 ~-0.17 -0.14 -0.12 -0.10 -0.08 -0.07 -0.07 -0.06 -0.05
20,0 -0.87 -0.689 -0.55 -0.44 -0.38 -0.33 -0.28 =-0.23 -0.21 -0. 21 =-0.19 -0.07
21.0 ~-1.81 -1.43 -1.10 -1.03 -0.91 -0.81 -0.66 =~0.61 -0.55 -0.50 ~0.50 -0.47
Table B. Collision efficiency B, as a function of downward step size
and temperature.
T/K Step-size (cm 1)
150 300 600 1200 2400
300 0.16 0.32 0.52 0.70 0.83
500 0.077 0.19 0.37 0.57 0.74
700 0.044 0.12 0.27 0.46 0.66
800 0.028 0.082 0.20 0.38 0.58
1100 0.018 0.058 0.15 0.31 0.52
1300 0.013 0.042 0.12 0.26 0.46
1500 9.5}:10-3 0.032 0.091 0.22 0.40
1700 7.1x10_3 0.024 0.072 0.18 0.35
1900 5.3x1073 0.019 0.058 0.15 0.31
2100 4.1x1073 0.015 0.046 0.13 0.27
2300 3.2x10-3 0.015 0.038 0.10 0.24
2500 Z.leO-3 0.008 0.031 u.08Y V.21

(W. Tsang, May 1983)

References

Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. C., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1:

Gas Phase Reactions of the HZ—OZ System," (Butterworths, London, 1972)

8,3 H)0, + 0, » 2HO,

Homogeneous

1121

log K, = 0.524 - 8000.8/T - 36256/T2

C s and R dations

There are no direct measurements on the rate of this process.

From the
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rate of the reverse reaction and the thermodynamics we obtain k(ﬁzoz + 02 - 2302)=
Qxlo_nexp(—ZODOO/T)cmsmolecule‘ls'l. The estimated uncertainty is a factor of 5.
(W. Tsang, May 1983)

8,4 H,0, + E~ E, + HO, (a)
=+ B,0 + OH (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm 2 k/cm®molecule™ 15! factor
Baldwin, Walker (1979) 773 K, =4.3x10713 2
ky,=3.6x10712 ,
Klemm, et al. (1975)  283-353 Kgyp = 5%1072exp(-1400/T) 1.2
Baulch, et al. (1972)  300-800 k,=2.8x10"Zexp(-1900/T)

C ts and R dations

The relative importance of the two channels at low temperature is still uncertain. The
total rate determined via flash photolysis - resonance fluorescence by Klemm et al.

1s undoubtedly correct, and accepting their suggestion that this is for the most part ky,
then combination of high and low temperature results yields ky = 4x10" 11 axp(-2000/T)cm®motecule 15~
With Baldwin and Walker’s k, Qs a base we estimate k, ~ 8x10-119xp(-AOOOIT)Cmamolecule-ls—l. The
estimated uncertainties for ka and ky, are 25 at room temperature, a factor of 2 at 773 K,

and a factor of 5 at temperatures above 1000 K. The expression recommended by Baulch et al.

is compatible with the high temperature results but is dependent on low temperature

measurements that are now superseded by that of Klomm ot al.

(W. Tsang, May 1983)

References

Baldwin, R. R., and Walker, R., "Rate Constants for Hydrogen + Oxygen System, and for H
Atoms and OH Radicals + Alkanes,"” J. Chem. Soc., Faraday Trams. I 75, 140 (1979)

Klemm, R. B., Payne, W. A., and Stief, L. J., "Absolute Rate Parameters for the
Reaction of Atomic Hydrogen with Hy05," Int. J. Chem. Kinet., Symp. No. 1, 61 (1975)

8,5 H,0, + 0~ OH + HO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 ] k/cm°molecule 1s™1 factor
CODATA (1984) evaln. 250-390 1.4x10" 12exp(-2000/T) 2
298 1.7x10715
Albers, et»al. (1969) 300-800 4.7x10-118xp(-3200/T) upper limit
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Comments and Recommendations

The CODATA recommendation is undoubtedly valid at low temperatures. For higher
temperature (>500 K) applications we suggest the use of the expression k =
1.Bzvzlo_”il'zexp(—2000/1‘)<:n:3molecule_1s_1 with an uncertainty of a factor of 3.
(W. Tsang, October 1984)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODAIA Iask Group on Gas Fhase Chemical Kinetics, J. Thys.
Chem. Ref. Data 13, 1259 (1984)

Albers, E. A., Hoyermann, K., Wagner, H. Gg., and Wolfrum, J., "Absolute
Measurements of Rate Coefficients for the Reactions of H and O Atoms
with HZO2 and HZO," Symp. Combust. 13, (Combustion Institute,
Pittsburgh, 1971) 81

8,6 H,0, + OH -+ H,0 + HO,

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm™2 k/cm®molecule 1s™1 factor
CODATA (1984) evaln. 240~-460 2.9x10—lzexp(‘150/T) 1.25

298 1.7x10712
NASA (1985) evaln. 200-300 3.1x30" 2exp(-187/T)

298 1.7x10712
Baulch, et al. (1972)  300-800 1.7x10" exp(-910/T) 1.50

evaln.

Ci ts and R dations

The lower temperature results are in excellent accord. We suggest use of the
expression recommended in the CODATA evaluation except that at temperatures
in excess of 1000 K the uncertainty is probably a factor of 3.

(W. Tsang, July 1985)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1258 (1984)

NASA(1885). Chemical Kinetics and Photochemical Data for Use in Stratospheric

Modeling. Evaluation No. 7, NASA Panel for Data Evaluation, JPL Publication’
85-37 July 1085

Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. C., "Evaluated
Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous

Gas Phase Reactions of the Hy-O, System," (Butterworths, London, 1972)
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9,1 HO+M~+H+OH+M

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm 3 k/em®molecule 171 factor
Baulch, et al. (1972) 2000-6000 5.8x10'9exp(—52900/T) (M=N,) 1.5

review Relative M-efficiencies:

N,(1.0), Ar(0.4), Hy0(6.2)

C its and R dations
The expression given above is based on a review of direct determinations combined with
an analysis of the reverse process and the equilibrium constant. In view of the good
agreement between recent determinations of the reverse rate near room temperature
and the recommendations of Baulch et al. based on higher temperature measurements,
this rate expression is probably applicable over all relevant temperature ranges.
(W. Tsang, May 1983)
References
Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. C., "Evaluated

.Kinetic Data for High Temperature Reactions, Vol. 1: Homogeneous

Gas Phase Reactions of the HZ-OZ System," (Butterworths, London, 1972)
9,4 H,0+H-~H, + OH

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm™3 k/cmomolecule” 1s™1 factor
Cohen, Westberg (1983) 400-2400 1.03x107 1871 9exp(-0265/T) 2 to 3

review
Cc ts and R dations

This expression is derived from the reverse rate and equilibrium constant.
(W. Tesang, May 1083)

References

Cohen, N., and Wastherg, K., "Chemical Kinetiec Data Sheets for High-

Temperature Chemical Reactions,"” J. Phys. Chem. Ref. Data 12, 531 (1983)
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9,5 H,0+ O~ 208

Conditions Reaction rate constant, Uncertainty
Reference TempL/K [M]/molecule cm™3 k/cmamolac:u].e-]'s'1 factor
Cohen, Westberg (1983) 400-2000 7.6x10" 1571 3exp(-8605/T) 2.5
review
[ ts and R dations
This expression is based on a review of experimental data and transition state
calculations for the reverse rate combined with the equilibrium constant.
(W. Tsang, May 1983)
References
Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-Tem-
perature Chemical Reactions," J. Phys. Chem. Ref. Data 12, 531 (1983)
10,1 CH, +M->CH; +H+M
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm®molecule™ 1571 factor
log K, = 7.627 - 23720/T + 134770/12
Tabayashi, Bauer 1950-2770  (14-50)x10%7 1.67x10 7 exp(-43200/T) 2
(1979) 10-20% CH, in Ar
Heffington, et al. 2000-2700  (6-17)x1018 3.7x10" 7 exp(-45400/T) 3
(1977) 1-10% CH, in Ar
Chen, et al. (1975) 995 (5-70)x1017 (cH,) (0.74-2.82)x1078 571
1038 (3-70)x1017 (c,) (0.39-2.57)x1077 571
1068 (25-70)x10%7 (cH,) (0.98-8.71)x1077 s71 1.25
1103 (5-65)x1017 (cH,) (0.69-3.86)x1078 572
Gardiner, et al. 2000-2700  (6-10)x10%7, 0.4-102 CH,  3.8x10 Vexp(-32500/T) large
(1975) in rare gases and Hy
Roth, Just (1975) 1700-2300  6x1018 5-200 ppm CH, 7.9x10™/ exp(-46900/T) 2
Vompe (1973) 2000-2700  2x10%8  2-5% cH, in N, 4x10%xp(-31700/T)s ™1 large
Napier, Subrahmanyam 1750-2700  4x101% 102 cH, in &x 3.8x10 3 exp(-47100/T)"1 large
(1972)
Hartig, et al. (1971) 1850-2500 1x102l 2x1014exp(-50900/T)s™1 3
3x1019 1.3x10130xp(-48300/T)s71

Benson, O'Neal (1970)

review

kgo = 2x1015exp(-52400/T)s72
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Cc ts and R dations

All of the more recent work subsequent to Benson and O’Neal’s review, except for that of Chen et al.,
are shock tube experiments. Within the limitations of the methodology the results are in good
agreement. In the cases where the rate parameters are completely unacceptable, we have made
comparisons at the midpoint of the temperature range covered. All of these studies, except
that of Hartig and coworkers, are deep in the fall-off region; thus they permit a determination
of the third body efficiencies. In the analysis of the data, we begin with the measurements of
Chen et al. and the reverse rate determined by Cheng et al. These are close to the high pressure
limit. This suggests that the higher pressure results of Hartig et al. are a factor of 3 too
low. On this basis the high pressure rate constant from 500-2700 K can be written as:

ko = 1015-57oxp(-52246/T)s 71
with an uncertainty of 50% up to 1500 K and a factor of 3 at higher temperatures. In the presence
of methane or ethane a step size for deactivation of 2000 em™!l fits the experimental

results at 300 and 1000 K, The correction factors for 0.1, 1 and 10 atms are:

log(k(CH,, 0.1)/k®) = 0.174 - 1,104x1073T + 1.82x10” 812
log(k(CH,, 1)/k®) = 0.155 - 4.391x107%T - 1.1109x1077T2
log(k(CH,, 10)/k®) = 0.021 + 2.031x1075T - 1.61x107/T2

For argon as the deactivator a step size down of 600 c:m-1 fits the data from 1200 to 2500 K.

The correction factors at 0.1, 1 and 10 atms are:

log(k(Ar, 0.1)/k®) = 0.225 - 1.652x107°T + 1.038x107 /T2
log(k(Ar, 1)/k®) = 0.275 - 8.745x10 ~ %T-7.107x10” 812
log(k(Ax, 10)/k®) = 0.107 - 1.743x107%T - 1.8270x107 /T2

In the temperature range 300-700 K step size for deactivation for rare gases and H, appears
to be of the order of 100-200 cm™l. This is based on the reverse reaction. Table A
contains data on fall-off behavior for strong colliders. Collision efficiencies as

a function of step size and temperature can be found in Table B.

Table A. Values of log(k/k®): dependence on concentration and temperature.
log{M)/ T/K
300 500 700 900 1100 1300 1500 1700 1800 - 2100 2300 2500

16.0 -1.66 -1.81 -1.96 -2.11 -2.26 -2.40 -2.55 -2.68 -2.81 -2.93 -3.05 -3.16
6.5 -1.23 -1.37 ~-1.51 -1.66 -1.80 -1.94 -2.09 -2.21 -2.35 -2.47 -2.58 -2.69
7.0 -0.84 -0.97 -1.1 -1.24 -1.38 =-1.51 -1.65 =-1.78 ~-1.891 -2.02 -2.13 -2.26
17.5 -0.52 -0.63 -0.75 -0.88 -1.01 -1.13 -1.26 -1.38 -1.50 -1.61 -1.71 ~-1.81
8.0 -0.28 -0.37 -0.47 -0.58 -0.68 -0.80 -0.82 -1.03 ~1.14 -1.24 -1.33 -1.42
8.5 -0.13 -0.19 -0.27 -0.35 -0.44 -0.53 -0.63 -0.73 -0.82 ~-0.88 -0.88 -1.07
18,0 -0.05 -0.09 -0.14 -0.19 -0.26 -0.33 -0.41 -0.48 -0.56 -0.63 -0.70 -0.77
19.5 -0.02 -0.04 -0.06 -0.08 -0.14 -0.18 -0.24 -0.29 -0.35 =-0.41 -0.46 -0.51
20.0 ;0‘01 -0.01 -0.02 -0.04 -0.06 -0.08 -0.12 -0.16 -0.20 -0.24 -0.27 -0.31
20.5 -0.01 -0.02 -0.02 -0.04 -0.06 -0.08 -0.10 -0.12 -0.14 -0.17
21.0 -0.01 -0.01 -0.01 -0.02 -0.03 -0.04 -0.05 -0.06 -0.08
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Table B. Collision etficiendy B as a function of downward step size

and temperature

T/X Step-size (em 1)

150 300 600 1200 2400
300 0.16 0.32 0.53 0.71 0.83
500 0.08 0.19 0.37 0.58 0.74
700 0.05 0.13 0.27 0.47 0.66
900 0.03 0.09 0.21 0.39 0.59
1100 0.02 0.06 0.16 0.33 0.53
1300 0.015 0.046 0.13 0.27 0.47
1500 0.011 0.035 0.11 0.23 0.42
1700 0.009 0.029 0.085 0.20 0.39
1900 0.006 0.021 0.065 0.17 0.33
2100 0.005 0.017 0.053 0.14 0.30
2300 0.004 0.014 0.044 0.12 0.27
2500 0.003 0.011 0.037 0.10 0.24

{W. Tsang, October 1983)
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10,3 CH, + 0, ~ CHy + HO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ 3 k/cmPmolecule 1s™1 factor
Walker (1974) review 6.7x10" lexp(-28640/T) 5

Comments and Recommendations

There are no direct measurements of the rate of this reaction. The estimate given in Walke
review is based on the rates of related processes: O, + HCHO, H + HO,, HO, + HOy, etc.

(W. Tsang, May 1983)

References
Walker, R. W., "A Critical Survey of Rate Constants for Reactions in Gas-Phase
Hydrocarbon Oxidation," in "Reaction Kinetics," A Specialist Report

(The Chemical Society, Burlington House, London, 1975) Vol. 1, pg 161

10,4 CH, + H -~ CHy + B,

r’s

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule cm 2 k/cm®molecule 1s™1 factor
Sepehrad, et al. 640-818  0.6-2.2x1017 Ar 3x10” 10exp(-6631/T) 1.5

(1979) review 1.3x10" 0exp(-6005/T)
Shaw (1978) 2.34%10"1712exp(~4449/T)

review
Clark, Dove (1973) 3.73x107 2013 exp(-4406/T)

review
Walker (1969) 2.1x10"10exp(-5992/T)

review

Comments and Recommendations

The literature on this reaction is extensive. The controversial issue is the

degree of curvature of the Arrhenius plot. Since an absolute Arrhenius dependence

over the 300-2500 K temperature range cannot be justified on the basis of any known theory,
we believe that a temperature dependent A-factor is to be expected. We have carried out
BEBO calculations and confirmed the results of Clark and Dove. We favor this rate
expression because of the better fit at higher temperatures. The estimated uncertainty

is #30%Z in the 500-800 K range and a factor of 3 at 2500 K.

(W. Tsang, May 1983)
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Shaw, R., "Semi-Empirical Extrapolation and Estimation of Rate Constants for
Abstraction of H from Methane by H, 0, HO, and 0,," J. Fhys. Chem. Ref.
Data 7, 1179 (1978)

Walker, R. W., "Activation Energies of the Reversipie Reaction between
Hydrogen Atoms and Methane ‘to give Hydrogen and Methyl Radicals™
J. Chem. Soc., 2391 (1968)

10,5 CH, + O » CH, + OH
4 3

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm 3 k/cm°molecule” ts™t factor
Herron, Huie (1873) 350-1000 © -3.5%x10 " Mexp(-4550/T) 1.3
evaln.
Barassin, Combourieu , 354-443  7x1016 He 5.8x10" 1lexp(-4530/T)
(1974) ,
Brabbs, Brokaw (1875) 1300-2000 5x1018 ar 3.2x10"10%xp(-5900/T)
Roth, Just (19877) 1500-2250  7x10%8 Ar 6.8x10 0exp(-7030/T)
300-2250 1.94x10" 177208545 (-3840/T)
(recn. including low T data)
Shaw (1978) extrapoln. 300-2000 8.5x10" 1812exp(-3240/T)
Felder, Fontijn 420-1670  (0.2-90)x10%7 N, 2.63x107 187238535 (-3730/T)
(1979, 1980)
Klemm, et al. (1981) 474-1156  (0.2-40)x1017 Ar 2.0x10 106xp(-5435/T)
475-2250 5.24x10" 1270 Sexp(-5180/T)

(recn. including high T data)

C aod ations

The most reliable rate data for the combustion chemistry temperature range are those from

the recent studies by Roth and Just (1977), Felder. and Fontijn (1980) and Klemm et al. (1981).

Bacod on these data, wo recommond tho expression k(CH, + O - CHy + Ol — 1.7x1071511-Sexp¢ 4330/T)

-1.-1
s

cmamolecula with an uncertainty of 225Z. These studies are all in good agreement,

and this rate constant is well known over an extremely wide temperature range.

(R. F. Hampson, May 1083)
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Bull. Soc. Chim. France, 1 (1974)
Brabbs, T. A., and Brokaw, R. S., "Shock Tube Measurements of Specific
Reaction Rates in the Branched Chain CH,‘-CO-Oz System," Symp. Combust,
15, (Combustion Institute, Pittsburgh, 1975) 893
Felder, W., and Fontijn, A., "High Temperature Photochemistry, A New Technique for
Rate Coefficient Measurements Over Wide Temperature Ranges: Initial Measurements

on the 0 + CH, Reaction from 525-1250 K," Chem. Phys. Lett. 67, 53 (1979)
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Felder, W., "Rate Coefficients of Combustion/Fuel Conversion Reactions by
High-Temperature Photochemistry,” AeroChem. TN-214, AeroChem. Res. Lab., Inc.;
Princeton, NJ, Sept. 1980; see also Fontijn, A., "Comments," Symp. Combust.
18, (Combustion Institute, Pittsburgh, 1981) 797

Herron, J. T., and Huie, R. E., "Rate Constants for the Reactions of Atomic Oxygen
(0%P) With Orgenic Compounds in the Gas Phase,” J. Phys. Chem. Ref. Data 2,
467 (1973)

Klemm, R. B., Tanzawa, T., Skolnik, E. G., and Michael, J. V., "A Resonance
Fluorescence Kinetic Study of the o®py + CH, Reaction over the Temperature
Range 474 X to 1156 K," Symp. Combust. 18, (Combustion Institute, Pittsburgh,
1981) 785

Roth, P., and Just, Th., "Atomabsorptionsmessungen zur Kinetik der Reaktion
CH, + O » CH3 + OH im Temperaturbereich 1500 < T < 2250 K," Ber.

Bunsenges. Phys. Chem. 81, 572 (1977)

Shaw, R., "Semi-Empirical Extrapolation and Estimation of Rate Constants for
Abstraction of H from Methane by H, O, HO, and Op," J. Phys. Chem. Ref.

Data 7, 1179 (1878) ‘

10,6 CH, + OH ~ CH3 + H,0

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm™ > llc/cmsmcslecule—ls—1 factor

log Kp = 2.60 - 0.5 log T + 2788/T

Cohen, Westberg (1983) 240-2000 3.2x1071972 4 axp(~1060/T) 1.25
evaln. ’ =240-500 K
inecr. to 1.6

at 2000 K
Jeong, Kaufman (1982) 269-473  1x10%7 6.27x107 1872 Ogyp (-1263/T)

[o! ts and R dations

This evaluation accepts the recommendation given in the Cohen and Westberg (1983) ev_aluat.ion.

The only data not considered by Cohen and Westberg are the recent data of Jeong and Kaufman (1982)
which are in good agreement with that recommendation. The recommendation is based on the data of
Tully and Ravishankara (1980) from 300-1000 K and that of Zellner and Steinert (1976) from 300-900 K
with the former being favored, and the results of their own transition state theory calculation
above 1000 K. The results of a TST calculation by Ernst, Wagner and Zellner (1978) gives essentially
the same numerical results. Earlier work was reviewed by Shaw {(1978).

(R. F. Bampson, May 1983)
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Jeong, K-M., and Kaufman, F., "Kinetics of the Reaction of Hydroxyl Radical with
Methane and with Nine Cl- and F-Substituted Methanes. 1. Experimental Results,
Comparisons, and Applications,” J. Phys. Chem. 86, 1808 (1882)

Shaw, R., "Semi-Empirical Extrapolaﬁion and Estimation of Rate Constants for
Abstraction of H From Methane by H, O, HO, and Oz," J. Phys. Chem. Ref.

Data 7, 1179 (1978)

Tully, F. P., and Ravishankara, A. R., "Flash Photolysis-Resonance Fiuorescence Kinetic
Study of the Reactions OH + Hy » Hy0 + H and OH + CH, ~ H,0 + CHz from 298 to 1020 K,"
J. Phys. Chem. 84, 3126 (1980)

Zellner, R., and Steinert, W., "A Flash Photolysis Study of the Rate of the Reaction
OH + CH, ~» CH3 + Hy0 over an Extended Temperature Range," Int. J. Chem. Kinet. 8,
397 (1976)

10,7 CH, + HOp ~» CHy + Hy0p

Comments and Recommendations

There have been no measurements on this process. We estimate k(CH, + HOp -~

CHy + Hy0,) = 3x10"13exp(-9350/T)cm3molecule 1s™1 with an uncertainty of

factor of 5. It is based on the relation given by Walker for HO, attack on alkanes.
(W. Tsang, May 1983)
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Walker, R. W., "Rate Constants for Reaction in Gas-Phase Hydrocarbon Oxidatien”,
Chapter 7 in "Gas Kinetics and Energy Transfer," A Specialist Periodical
Report (The Chemical Society, London, 1977) Vol. 2, pg. 296

11,1 CyHg - 2CHg

Conditions Reaction rate constant, Uncertainty

Reference ) Temp. /K [M]/molecule cm > ¥/emPmolecule sl factor

log K, = 8.97 - 20017/T + 50209/1%

Olson, et al. (1979) 1300-2500 7-27x10%7 Ar 1079 79exp(-35360/T) 3

Baulch, Duxbury (1880) 750-1500 2.4%x10%Cexp( (~44010£3170)/T)/s 1.5
review

Burcat, et al. (1973) 1200-1430 9-33x1018 ko=7.9x1018exp(-45060/T)s ™1 3

Trenwith (1967) 873 3-30x1018 K/k(M=C,Hg) (collision basis) 2z

Relative M efficiences:
C,Hg(1.0), Ny(.25), CO,(.33),
He(.17), Ne(.18), Ar(.26),
Kr(.31), H,0(.88)
Chiang, Skinner (1981) 1240-1500 1.4x10% ar 2.8x10 5exp(-42617/T) /s 2
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Comments and Recommendations

This is an extensively studied reaction. Data have been fit from

room temperature up to 1400 K on the basis of RRKM calculations using the
restricted rotor model. The rate expression at high pressures can best be
represented by the expression ko = 1022‘5(T'1'7g)exp(-4583A/T)s'1

with an uncertainty of *50%Z. The pressure dependence on a strong collision
basis can be found in the accompanying Table A.

For weak colliders the rate of the reverse process at 300, 577 and 1350 X

in the vresence cf arzgon (see 16.16) leads to downward step sizes of 300 em”!

1 at the higher temperature. On this

at the lower two temperatures and 600 cm~
basis we suggest k/k® values [with a 600 wave number step size down}
for argon and nitrogen of the following form:
log(k(Ar, .1)/k®) = -0.155 + 9.716x107%T - 1.533x107612 + 2. 614x1071073
log(k(Ar, 1)/ke) = -0.235 + 1.033x1073T - 1.114x107872 + 1.425x1071013
Log(k(Ar, 10)/k®) = -0.151 + 5.551x107%T - 4.206x10771% - 1.081x10” 1173
This should be valid at temperatures in excess of 1000 X.
In the presence of ethane in the temperature range 800-900 X the experimental
data indicates a step size down for collisional deactivation of 1000 em™l.  This
is in accord with room temperatures results. We suggest the following rate
expressions with ethane as a deactivator:
Log(k(CyHg, 0.1)/k®) = -0.185 + 9.743x107%T - 1.315x107512 + 2.051x1071073
log(k(CoHg, 1)/k®) = =-0.20 + 8.202x107*T - 7.964x1077T% + 7,452x10” *17°
log(k(C,Hg, 10)/k@) = -0.087 + 2.878x107%T - 1.587x107712 - 5.638x10” 1113
It should be noted that the relative collisional efficiency for ethane and argon
differ by a factor of 3 from the results of Trenwith (1967). Their results do
lead to comparable efficiencies for Ar, N, and Kr, Hy0 is a strong collider.
Table B summarizes collisional efficiencies as a function of step size down

aad Lewpera Lure.

Table A. Values of log(k/k®): dependence on concentration and temperature.
log(Ml/ T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
6.0 -0.07 -0.23 -0.45 -0.71 -0.99 -1.25 -1.52 -1.78 -2.03 -2.28 -2.51 -2.73
16.5 -0.03 -0.12 -0.29 -0.48 -0.72 =-0.95 -1.18 ~-1.42 ~-1,66 -1.89 =-2.10 -2.31
17,0 -0.01 -0.06 -0.17 -0.32 -0.50 -0.69 -0.89 -1.10 -1.31 -1.,51 =-1i.71 -1.90
17.5 -0.03 -0.09 -0.19 -0.32 -0.47 -0.64 -0.81 -0.99 -1.17 -1.35 ~-1.53
18.0 -0.01 -0.04 -0.10 -0.19 -0.30 -0.42 -0.57 -0.72 -0.87 -1.03 ~-1.18
18.5 -0.02° -0.05 -0.10 -0.17 -0.26 -0.37 -0.49 -0.61 -0.74 -0.88
18.0 -0.01 -0.02 -0.045 -0.08 -0.15 -0.22 -0.31 -0.40 -0.50 -0.61
19.5 -0.01 -0.02 -0.04 -0.07 -0.12 -0.17 -0.24 -0.31 -0.39
20.0 -0.01 -0.02 -0.03 -0.06 -0.09 -0.13 -0.17 -0.23
20.5 -0.01 -0.01 -0.02 -0.04 -0.06 ~-0.09 -0.12
21.0 -0.01 -0.015 -0.02 -0.04 -0.05
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Table B. Collision efficiency B, as a function of downward step size

and temperature

T/K Step-size (em™ 1)

150 300 600 1200 2400
300 0.31 0.46 0.56 0.65 0.80
500 0.18 ¢.30 0.40 0.50 0.69
700 0.11 0.20 0.29 0.3¢ 0.59
800 0.07 0.14 0.21 0.30 0.50
1100 0.046 0.093 0.15 0.23 0.42
1300 0.031 0.068 0.11 0.17 0.35
1500 0.022 0.050 0.082 0.13 0.29
1700 0.015 0.036 0.061 0.10 0.23
1900 0.011 0.026 0.044 0.076 0.19
2100 0.0074 ¢.018 0.032 0.057 0.15
2300 0.0051 0.013 0.023 0.042 0.12
2500 0.0036 0.008 0.017 0.031 0.09

(W. Tsang, October 1984)
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11,3 CyHg + 0, = C,Hs + HO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule om™3 1':/::m3mc>lecu].e_ls'1 factor
5

Walker (1974) review 6.7x10 Mexp(-25600/T)

Cc s and R dations

There are no measurements of the rate of this reaction. Estimate in Walker’s review is based

on the related rates for O, + HCHO, H + HO,, HO, + HO,, etc. Uncertainty factor is 3.
(W. Tsang, May 1983)

References
Walker, R. W., "A Critical Survey of Rate Constants for Reactions of Gas-
Phase Hydrocarbon Oxidation,” in "Reaction Kinetics,” A Specialist Report

(The Chemical Society, Burlington House, London, 1975) Vol. 1 pg. 161
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11,4 C,Hg + H » Cofic + K
2 ofs + Hy

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/t:mamole::ule_ls_1 factor
Jones, et al. (1977)  357-544 8.6x1016 1.8x10" 10exp(-4640/T) 1.5
Camilleri, et al. 503-753 1.8x1017 3.1x10" 0exp(-4920/T) 1.5
(1874)
Clark, Dave (1973) 300-1800 9x10~2273 - Sexp(-2600/T)
review
Baldwin, Walker (1979) 2.2x10" Wexp(-4715/T)
review
Lede, Villermaux 281-347 (3-14)x1018 8.3%10" lexp(-4580/T) 2
(1978)
C ts and R dations

The experimental results do not dictate any particular T dependence of the pre-exponential
factor. However, since there is no reason to expect a constant A-factor the expression of
Clark and Dove is preferred.

the highest temperatures.

The uncertainty factor is 1.5 up to 1000 K, increasing to 3 at

The discharge flow experiments of Camilleri and Jonmes and the review

of Baldwin and Walker are in accord with the rate constants of Clark and Dove over the 400-1100 K

range. The results of Lede and Villermaux may be indicative of a lesser curvature.

the case the higher temperature rate constants from Clark and Dove will be overestimates.

(W. Tsang, October 1983)
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et Parfaitement Agité Ouverts,"” Can. J. Chem. 56, 392 (1878)

11,5 CyHg + O + C,Hg + OH

If this is

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm”2 k/cm®molecule s71 factor
Cohen (1884) evaln. 300-1000 2x1071270-8eyp(-3680/T) 2.5
Herron, Huie (1973) 298-650 4.2x10_11exp(-3200/T) 1.3
evaln. 298 9.1x10716
1000 1.7x10712 (extrapolation) 1.5
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C ts and R dations

We suggest the use of the rate expression of Cohen under combustion conditions

(>500 K). The estimated uncertainty is a factor of 2. However, at lower temperatures
the results of Herron and Huie are in closer accord with experiments.

(Rf F. Hampson, October 1984)
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O + CyHg," J. Chem. Phys. 46, 490 (1867)

Westenberg, A. A,, and deHaas, N., "Reinvestigation of the Rate Coefficients

for O + Hy and O + CH,," J. Chem. Phys. 50, 2512 (1969)

11,6 CyBg + OH - CyHs + Hy0

Conditions Reaction .rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm > : k/cm®molecule 1571 factor
log Kp = 3,42 - 0.4 log T + 4013/T
Cohen, Westberg (1983) 300-2000 3.6x10” 171! - Cexpc-570/T)
evaln,
Tully, et al. (1883)  297-800 1.47x107 3471 04 oyp-013/T) 1.25
Ci ts and R dations

The axpression of Tully et al. (1983) shanld he used. These data measured hy tha
flash-photolysis-resonance fluorescence technique provide a better data base
above room temperature than that used by Cohen and Westberg in their evaluation.

It is probably reliable to *25% at room temperature and to a factor of two at 2000 K.
(R. F. Hampson, May 1983)
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11,7 CyHg + HO, — BZOZ + C,Hq

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/cm®molecule 1571 factor
Baldwin, Walker (1979) 713 4x10t’ o, 2.1x10717 2
8x1017-27x1017 n,
Walker (1976) review  300-800 4.9x10" Bexp(-7520/T) 3
Lloyd (1974) review 1.7x10"12exp(-7050/T) upper limit

C ts and R dations

Baldwin and Walker’s results are derived from a study of the effect of ethane addition
on product yields in the oxidation of tetramethylbutane. They are in substantial
agreement with the earlier review of Walker. Lloyd’s expression is an upper limit and

is based on Baldwin’s earlier work on H,-O, systems. The expression of Walker is clearly
preferred with an uncertainty of a factor of 3.

(W. Tsang, May 1983)
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Chapter 7 in "Gas Kinetics and Energy Transfer," A Specialist
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12,1 HCHO = H, + CO (a)
-+ H + HCO (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /X (M1 /molecule am™3 k/emSmalacule”ls"1 factor
Dean, et al. (1980)  1600-3000 5x1018 Ar ky=5.5x10"%exp(-40780/T)s™1 3
Dean, et al. (1978)  1700-2710 2.4-4.5x1018 ar ¥p=1.3x10"Bexp(-37800/T)s 7} 3
.1, .5, 1.0% HCHO k, ~ ky
Schecker, Jost (1969) 1400-2200 2.1-8x1019 Ar :lt:b=8x10_aexp(-3('3300/T)s'1 3
.02-1% HCHO

Compents and Recommendations
There is considerable uncertainty with respect to the importance of the molecular channel.

It has been suggested that the larger rate constant of Schecker and Jost is due to a molecular

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY

process (see Just, 1979). Since the chain mechanism which follows bond breaking

leads to the same products as the molecular process, in the absence of further details, it is
difficult to assess the observation. Berman (PhD Thesis, Lawrence Berkeley Lahqratory,
University of California, (19881)) has reported on infra-red multiphoton induced
decomposition of byCO and reported a branching ratio of 10 to 1 in favor of molecular
decomposition. The interpretation of the data is, however, difficult. It would appear

that there is a molecular channel for decomposition. Its magnitude is uncertain.

We have carried out RRKM calculations and find Dean’s results can be reproduced with a

downward step size of 300 cm™1

, ignoring the molecular channel. Since this step size is
comparable with that for other molecules we conclude that the threshold for the molecular

channel cannot be lower than that for bond breaking. On this basis the strong collision

rate expression for bond breaking is: kpo = 2‘7:&105’('1/'1‘)‘":lexp(-l|6580/'r)s'l over the-temperature
range 1100-2500 K. Collisional efficiencies are given in Table A. For argon with a 300 em™?
step size we decive Uhie rale expressiou kp(0,argon) = 1.9x1027778-Oexp(-48590/T)s™1. For largex
polyatomics & 1000 cm ! step size is used to obtain ky(0,HCHO)=6.3x1016178 Sexp(-4se30/T)s™1

The estimated uncertainty is a factor of 3.

Table A. Collision efficiency B, as a function of downward step size

and temperature for process b.

T/K Step-size (em™ 1)

150 300 600 1200 2400
1100 0.021 0.064 0.16 0.33 0.53
1300 0.015 0.048 0.13 0.28 0.48
1500 0.0112 0.037 0.10 0.24 0.43
1700 8.7x1073 0.029 0.085 0.21 0.39
1900 6.8x1073 0.023 0.07 0.17 0.35
2100 5.4x1073 0.019 0.058 0.15 0.31
2300 4.4x1073 0.015 0.049 0.13 0.28
2500 3.6x1073 0.013 0.041 0.11 0.25

(W. Tsang, October 1983)
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12,3 HCHO + O, — BOZ + CHO

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm 2 k/cm°molecule 15”1 factor
Baldwin, et al. (1974) 713-813  0.7-6x10%5 HCHO 3.4%10" 1 lexp(-19600/T) 2
1-ex1017 o,

0-2.7x10%% N,

c ts and R dations

The results are derived from studies on the oxidation of formaldehyde in KCl-coated
vessels under conditions where the chain length is unity. The uncertainty is estimated
to be a factor of 2.

(W. Tsang, May 1983)

References

Baldwin, R. R., Fuller, A. R., Longthorn, D., and Walker, R. W., "Oxidation
of Furmaldehyde in KCl-coated Vessels,” J. Chem. Soc., Faraday Irans.
I 70, 1257 (1974)

12,4 HCHO + H - H, + CHO

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M)/molecule cm™3 k/cm®molecule™1s™1 factor
Klemm (1979) 264-479  3x1018-1.5x1019 He 3.3x10  exp(-1848/T) 1.2
Westenberg, deHaas 297-652  1.4x1016-7x1016 ge 2.2x10"exp(-1893/T) 1.5
(1972)

Dean, et al. (1880)  1700-2500 5x1018 Ar 5.5x10 10exp(~5280/T) 3
Ridley, et al. (1972) 297 8x1017 ar 5.4x10714 1.2

Ci ts and R dations

The rate expression of Klemm is preferred. All low temperature results are in substantial
agreement. Using this as a base we fit the results using transition state frequencies as
defined from BEBO calculations and obtained the rate expression over all temperatures:

k= 3.64x10-16T1'77exp(-1510/T)cm3molecule'1s'1. This results in rate constants that are about a
factor of 3 higher than the measurements of Dean et al. Their rate constants are dependent

upon the rate of formaldehyde decomposition and probably have uncertainties of this

magnitude. The uncertainties are 30% up to 500 K, increasing to a factor of 3
at 2500 K.

(W. Tsang, May 1983)
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‘References

Dean, A. M., Johnson, R. L., and Steiner, D. C., "Shock-Tube Studies of
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Westenberg, A. A., and deHaas, N., "Measurement of the Rate Constant for
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12,5 HCHO + O - HCO + OH

Conditiouns. Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm™3 k/cm3molecule™1s™1 factor
Chang, Barker (1979)  296-437  4x1016 He 3.8x10" Mexp(-1583/T) 1.2
Klemm (1879) 250-498  1-6x1018 Ar 2.8x10 exp(-1525/T) 1.2
Klemm, ot al. (1980)  288-750  6-15x1016 He 3.0x10" 1lexp(-1554/T) 1.2
NASA (1985) evaln. 298-750 3.0x10" 1 lexp(-1550/T) 1.2
298 1.6x10713 1.25

Cc ts and R dations

The expression given in the NASA (1985) evaluation is recommended for the temperature range
250-750 K. It should be reliable to +25Z at room temperature and to *60Z at 750 K. It is
based on the results of the three recent studies listed above. It should be noted that
Chang and Barker (1979), on the basis of their observation of CO, formation at very short
reaction time, suggest that 30% of the total reaction may proceed by an addition

mechanism to give HCO, + H. Independent confirmation is needed.

(R. F. Hampson, May 1983)
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12,6 HCHO + OR ~ HCO + H,0

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ 3 k/cm®molecule 1s™1 factor
CODATA (1984) eval. 200-425 1.1x10731 1.25 at 298K
Stief, et al. (1980)  228-362  (6-26)x10%7 (1.0520.11)x10" 11 , 1.25
Atkinson, Pitts (1978) 299-426  16x10%7 1.25%10 Mexp(-88/T) 1.25
Peeters, Mahnen (1973) 1600 2.4x1017 3.8x10711 3
Vandooren, Van 485 7x1017 1.7x10712 3
Tiggelen (1977) 570 2.2x10711 3

Comments and Recommendations

The CODATA (1984) recommendation for the temperature range 200-425 is based on the data
reported by Stief, et al.>(1980) and Atkinson and Pitts (1978). .The present evaluation
which extends up to 1600 K uses these same data but includes also the higher temperature
data of Peeters and Mahnen (1973) and Vandooren and Van Tiggelen (1977). The recommended

1572 with an uncertainty of 25% at

rate expression is 5.7x10’15T1'1eexp(225/T)cmamolecu1e_
298 K, increasing to a factor of 2 at 1600 X.

(R. F. Hampson, May 1983)
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the Reaction of Hydroxyl Radical with Formaldehyde over the Temperature Range
228-362 K," J. Chem. Phys. 73, 2254 (1980)
Vandooren, J., and Van Tiggelen, P. J., "Reaction Mechanisms of Combustion
in Low Pressure Acetylene-Oxygen Flames," Symp. Combust. 18, (Combustion Institute,
Pittsburgh, 1977) 1133

12,7 HCHO + HO, — Hy0, + CHO (a)
-+ HO,CH,0 (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm o k/cmmolecule” 1s71 factor
Su, et al. (1979) 298 2.4x10%9 - kp=1x107H
Walker (1975) review k,=3.3x10" *2exp(-5870/T) 3
Lloyd (1874) review k,=1.7x10"2exp(-4030/T)
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[of ts and Recc dations

We suggest the use of Walker’s rate expression with an uncertainty of a factor of 3. In
et al.’s system the adduct formed in reaction (b) rearranges and reacts with another HO,.

It should not be important under combustion conditions since it is readily reversible.
(W. Tsang, October 1983)
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the Hydroperoxyl Radical,” Int. J. Chem. Kinet. §, 169 (1874)

Su, F., Calvert, J. G., and Shaw, J. H., "Mechanism of the Photooxidation of
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Walker, R. W., "A Critical Survey ot Rate Constants Ior Reactions in Gas-Phase

Hydrocarbon Oxidation," in "Reaction Kinetics,” A Specialist Periodical

Report (The Chemical Society, Burlington House, Londen, 1975) Vol. 1, pg.161

13,4 COy + H - C0 + OB

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [MI/molecule cm o k/cm®molecule 1571 factor
Baulch, et al. (1876) 1000-3000 2.5x10" 0exp(-13300/T) 1.3

Comments and Recommendations

The rates calculated from the reverse process and the equilibrium constant and rates measured
for the forward process are in good agreement.

(W. Tsang, May 1983)

References

Baulch, D. L., Drysdale, D. D., Duxbury, J., and Grant, S. J., "Evaluated Kinetic Data for

High Temperaturé Reactions, Vol. 3: Homogeneous Gas Phase Reaction of the 02—03 System,

the CO-O,-H, Systems and of Sulphur-Containing Species," (Butterworths, London, 1876)

i3,5 €0, + 0+ CO + 0,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule om™° k/cmPmolecule 1s™1 factor
Baulch, et al. (1976) 1500-3000 2.8x10" Mexp(-26500/T) 3
review
[ ts and Rect dations

The recommended expression is calculated from the expression for the reverse

reaction (see data sheet 14,3) and the equilibrium constant.
(W. Tsang, May 1983)
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References

Baulch, D. L., Drysdale, D. D., Duxbury, J., and Grant, S. J., "Evaluated Kinetic
Data for High Temperature Reations, Vol. 3: Homogeneous Gas Phase Reaction
of the 0,-O3 System, the CO-0O,-H, Systems and of Sulphur-Containing Species,”
(Butterworths, London, 1976) .

14,3 CO + 0, -+ CO, + O

Conditions . Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/cm3molecule 1571 factor
Baulch, et al. (1976) 1500-3000 19.2x10_12exp(-210000/'1‘) 2

review

Coment;.s and Recommendat.ions

There have been many studies on reaction systems in which this reaction is important. The
kinetics must be deduced from interpretation of complex kinetics. Impurities are known to
be important. Baulch’s recommendations should be used.

(W. Tsang, October 1984)

References
Baulch, D. L., Drysdale, D. D., Duxbury, J., and Grant, S. J., "Evaluated Kinetic
Data fur High Temperature Reactions, Vol. 3: Homogeneous Gas Fhase Reaction

of the 0,-03 System, the CO-0,-H, Systems and of Sulphur-containing Species,”
(Butterworths, London, 1976)

14,4 CO+H+ M-~ HBCO+M

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm 3 k/cm®molecule 2571 factor
Baulch, et al. (1976) 298-773 2x10733exp(-850/T) (M=H,)

Relative M-efficiencies:.
Hy(1.0), Ar(0.7), He(0.7)

Campbell, Handy (1978) 425 1017w, 4.0x10734 (M=N,) 2
1017 ar 2.7x1073% (M=Ar)
Hochanadel, et al. 298 2.5x101° co 1.0x10734 (M=cO)
(1980)
2.5x10%° cH, 1.6x1073% (M=CH,) 1.5
2.5x10%° m, 1.1x1073% (M=H,) 1.5
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Comments and Recommendations
There is considerable uncertainty in the activation energy and rate constants
at higher temperatures. Our RRKM calculations for a reaction barrier of 10.9 kJ mn:»l'1
for addition yield k, = 10'31'33T0‘°3exp(-1393/T)cm3molecule_zs‘1 (strong collisioms).
The experimental data are consistent with a downward step size for Hp ~ 300 cm—l;
argon ~ 500 em™1; CH, ~ 1500 em™l; He ~ 250 om™l; co ~ 800 cm™!; and N, ~ 800 em L.
Collisional efficiencies as a function of downward step size and temperature can be
found in Table A. The rate expressions for N, (800 cm-l) and larger polyatomics
(1500 om™1) are:

k,(Ny) = ZI..7&:(10_27'.["1'82exp(-1856/'[‘)cmemc:lecule_zs_1

k(poly) = 2.75x1072977 1 18eyp(-1649/T) cmPmolecule 25

The uncertainty is a factor of 3.

Table A. Collision efficiency 8_ as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.16 0.32 0.52 0.70 0.83
500 0.077 0.19 0.37 0.57- 0.74
700 0.044 0.12 0.27 0.46 0.66
900 0.028 0.081 0.20 0.38 0.58
1100 0.019 0.058 0.15 0.31 0.51
1300 0.013 0.042 0.12 0.26 0.45
1500 9.5%1073 0.032 0.091 0.22 0.40
1700 7.1x107° 0.024 0.072 0.18 0.35
1000 5.4x1073 0.019 0.058 0.15 0.31
2100 4.2x1073 0.015 0.047 0.13 0.28
2300 3.3x1073 0.012 0.038 0.11 0.24
2500 2.6x1073 9.5x1073 0.032 0.001 0.22

(W. Tsang, Octobexr 1984%)
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14,5 CO+ 0+ M- COy + M

Conditions
Temp. /K

Reaction rate constant,
-1

Uncertainty

Reference [M]/molecule cm 3 k/cmPmolecule ™ 2s factor

Baulch, et al. (1976)  250-500 6.5%10733exp(-2184/T) (M=CO)
review 298 Relative M-efficiencies:
N,(1.0),C0(1.77),€0,(2.7)
Dean, Steiner (1877) 2100-3200 5x1018 Ar 1.6x10734 3
Baldwin, et al. (1972) 300-3500 8.3x10 3%exp(-1510/T) (M=Ar)
review Relative M—efficiencie;:
Ar(1.0), Ny(2.0), €O(3.0),
CO,(7), 05(12)
Hardy, et al. .(1978) 1300-1500 (6.6-22)x10'8 Ar, co 7.7x10"3%exp(2290/T) 3
Ar/co ~ 3
[of s and R dations

The extensive data on this process have been thoroughly reviewed by Baulch, et al. and
we recommend their selected values. This reaction is very sensitive to impurities;
hence there is a great deal of scatter in the reported rate constants. The rate constant
may exhibit pressure dependence at pressure in excess of 1 atm. Uncertainties range

from 20% to a factor of 2 from room temperature to 800 K and a factor of 3 at 2500 X.

(W. Tsang, October 1984)

References
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14,6 CO + OH - H + CO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]l/molecule em™2 k/cmamolecule_ls_l factor
Baulch, et al. (1876)  250-2500 1.12x10" Bexp[0.000907xT] 1.2-1.5
CODATA (1984) 200-300 1.5%10713 (p<100 torr) 1.2
298 1.5%10718(1+0.45 P(atm))
for P = 100-760 torr air
NASA (1985) 200-300 1.5x10713(1+0.6 P(atm)) 1.3
Zellner (1979) 300-2000 1.18x10"18exp(0.00092xT) 1.2-1.5
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Comnents and Recommendations

This is an extensively studied process. The review of Baulch is definitive.
The CODATA and NASA recommendations allow for the increase in rate constant
found at high pressure and in the presence of Oj. This may be a possible new
complication. The expression of Zellner parallels that of Baulch and is
recommended. Estimated uncertainties range from 20% at low temperatures to 50%
at higher temperatures.

(W. Tsang, May 1983)
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14,7 CO + HO, - HO + CO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K M) /molecule cm™3 k/cm molecule 1571 factor
Atri, et al. (1977) 773 (4-17)x10%7 H, 3.2x10717  derived from 1.5
(4-40)x1017 o, k(HO, + CO)/k/2(HO, + HO,)
0-45x1017 N, and k(HO, + HO,) = 3.3x10712
1.5x1016-1551017 co 1x10"10¢-11550/T)
Baulch, et al. (1876)  700-1000 2.5x10" Pexp(~11900/T) 3
review
Llovd (1974) review 1.7x107 13 exp(-5000/T)
Burrows, et al. (1979) 298 6x1016 <2x107Y7 upper limit
Graham, et al. (1979) 298 2.5x101® co <2x10719 upper limit
Howard (1979) 304 1017 ge <4x10”17 upper limit
394 <6x10717 upper limit
C ts and R dations

The rate constants in the 700-900 K region are probably accurate to *50%. There are large

uncertainties in the Arrhenius expressions. The results of Baulch et al. and Atri, et al.
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are in substantial agreement. We suggest the use of the latter. At room temperature,
only upper limits have been reported.

(W. Tsang, May 1983)
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15,1 BECO+ M-+ H+ CO+ M

log K, = 5.24426 - 3980.569/T - 30818/T% + 1.97237x107 /T2

C ts and R dations

There are no direct measurements. Literature numbers are estimates. We have derived
the following temperature dependent rate expressions on the basis of the recommended
reverse rate (14,4), the equilibrium ¢onstant and RRKM calculations. The rate
expression for strong colliders is:

K(HCO + M= H + CO + M) = 1.7x107 8779 1lexp(-10228/T) em’molecule 151
In the presence of N, or small polyatomics species at pressures less than 10
atmospheres we suggest the use of the following rate expressions:

ko(Ny) = 8.51(10'3T-2']"‘exp(-10275/'.{')cmgmolez:ule_ls-1

K (poly) = 8.9x10 41" 1 74exp(-10243/T)om®molecule 1571
These are based on downward step sizes of 800 em™l and 1500 em”1 respectively. For
other third bodies see [14,4]. Collisional efficiencies as a function of step size

down and temperature can be found in Table A, The uncertainty is a factor of 5.
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Table A. Collision efficiency B, as a function of downward step size

and temperxature.

T/K Step-size (em™ 1)

150 300 600 1200 2400
300 0.16 0.32 0.52 0.70 0.83
500 0.077 6.19 0.37 0.57 0.74
700 0.044 0.12 0.27 0.46 0.66
800 0.028 0.081 0.20 0.38 0.58
1100 0.019 0.058 0.15 0.31 0.51
1300 0.013 0.042 0.12 0.26 0.45
1500 9.5x107% 0.032 0.091 0.22 0.40
1700 7.1x1073 0.024 0.072 0.18 0.35
1900 5.4x1073 0.019 0.058 0.15 0.31
2100 4.2x1073 0.015 0.047 0.13 0.28
2300 3.3x1072 0.012 0.038 0.11 0.24
2500 2.6x1073 9.5x1073 0.032 0.091 0.22

(W. Tsang, October 1984)

15,2 HCO + H, + B,CO + H

log K= -1.24219 - 3388.29/T + 22256/T2 - 0.39111x107 /T3

Cc ts and R dations

There are no direct measurements of this rate constant. By means of the equilibrium
constant and the rate of the reverse reaction H + HpyCO = H, + HCO[12,4] we suggest
k = 3x10718125xp(-8972/T)cm®molecule 1s™! with an uncertainty of a factor of 5.

(W. Tsang, May 1983)

13,3 noo*oz-'nozfco

Conditions Reaction rate constant, Uncertainty
Réference Temp. /K [M] /molecule Gm-a k/cmamolecule—la—l factor
CODATA (1984) evaln. 300-500 3.5x10 12exp(140/T) 1.4
208 5.6x10712
Peeters, Mahnen (1973) 1400-1800  2.4x1017 (methane flame)  5x107 1% 10

Comments and Recommendations

The experimental results at room temperature are of high quality. The temperature

dependence given in the CODATA (1984) recommendation has been derived from the
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data of Veyret and Lesclaux. The results at high temperature (>1000 K) are
probably uncertain to an order of magnitude. We suggest use of the rate expression:
8.5x10 1lexp(-850/T)cm®molecule 1L, The uncertainties are a factor of 1.5 at
room temperature and a factor of 5 at 1500 K.

(W. Tsang, May 1983)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
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Chem. Ref. Data 13, 1258 (1984)

Peeters, J., and Mahnen, G., "Reaction Mechanisms and Rate Constants of
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15,4 HCO + H » Hy + CO (a)

- HCHO (b)
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm 3 k/cm®molecule 1571 factor
Reilly, et al. (1978) 298 ax1017 k, = 5.5x10710 2
Nadtochenko, et al. 298 (0.3-5)x1018 k, = 2x10710 1.4
(1879)
Hochanadel, et al. 298 (0.4-7)x101® k, = 1.1x10710 1.25
(1980)
Ci s and R dations

The value of k(HCO + H = H, + €0) = 2x10"0cm®molecule™?s™1 is recommended and is
probably good to a factor of 2. The formaldehyde forming process will be in the
termolecular region [see data sheet on formaldehyde decomposition] and therefore
cannot compete.

(W. Tsang, May 1983)
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USSR, Div. Chem. Sei. 28, 605 (1978) tr. of Izv. Akad. Nauk SSSR,
Ser. Khim., 651 (1979)
Reilly, J. P., Clark, J. H., Moore, C. B., and Pimentel, G. C., "HCO Production,
Vibrational Relaxation, Chemical Kinetics, and Spectroscopy Following

Laser Photolysis of Formaldehyde," J. Chem. Phys. 69, 4381 (1978)
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15,5 HCO + 0~ H + CO, (a)
-+ .0H + CO (b)

Cc s and R dations

There are no direcl measurements of the rate of this reaction. The rate comstant
should be near the collisional value, approximately 5%x10”  emPmolecule”ls ™1

with an uncertainty of a factor of 3. The mechanism is assumed to involve
addition to a radiocal site and then decomposition of the activated molscule or
direct abstraction, (a). A less exothermic abstraction channel (b) may also make
a contribution. Rate constants should be comparable.

(W. Tsang, May 1983)

15,6 HCO + OH - H;0 + CO

Comments and Recommendations
In the absence of direct measurements we estimate that this process will proceed at close

to a collisional rate constant of ~5x10 1lemPmolecule™ls™1 with an uncertainty
of a factor of 3.

(W. Tsang, May 1983)

15,7 ECO + HO, ~ OH + H + CO,

c ts and R dations

Theie are nu direclL measureweubs for the rate uf this process. We assume Lhal the
addition mechanism followed by rapid breakdown of the hot adduct will proceed at
close to a collisional rate constant of ~5x10"1lem®molecule™ls™! and be an order
of magnitude or more ia:tex; than the abstraction process. The uncertainty is a
factor of 5.

(W. Tsang, May 1983)

15,8 HCO + Hy0, - HyCO + HO,

log K, = ~1.03519 + 683.21/T + 80888.6/T% + 0.55840x107/1°

Cc s and R dations

In the absence of direct measurements we have calculated a rate constant expression on
the basis of the equilibrium constant and the rate expression for the reverse process.
The derived expression is 1.7x10_1aexp(-3486/T)cm3molecule-1s_1 with an uncertainty

of a factor of 5.

(W. Tsang, May 1983)
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15,9 HCO + H,0 + B,CO + OH

log K, = -0.47192 - 6927.09/T + 131068.8/T2 - 2.14989x107 /7%

c = and R dations

There are no direct measurements on this system. the recommended value is
:3.Qxlo'm‘rl'Sf’exp(-131!.6/'[)t:mamo].t-:«:\.tle'15':l with an uncertainty of a factor of 5. It
is derived from the recommendation for the reverse reaction H,CO + OH -

HCO + Hy0 (see data sheet 12,6) and the expression for the equilibrium

constant.

(R. F. Hampson, May 1983)

15,10 HCO + CH, » CHy + HyCO

log K = 0.268020 - 3575.39/T - 11385/T2 + 0.323819x107 /T3

Comment.s and Recommendations

In the absence of direct experimental measurements we have calculated the rate
constant on the basis of the reverse process and the equilibrium constant.

This yields k(CHO + CH, - CHg + HCO) = 1.21x1072072-85axp(-11330/T) cm®molecule 1571
with an estimated uncertainty of a factor of 5.

(W. Tsang, May 1983)

15,11 HCO + C,Hg - H,CO + CoHy

log X, = 0.58418 - 2553.42/T - 16450/T2 + 1.0426x108/T3

Comments and Recommendations

In the absence of measurements we have calculated the rate constant on the

basis of the estimated rate parameters for the reverse process [17,12] and the
equilibrium constant. This leads to k = 7.8x10_20T2'7zexp('9176/T)cm3molecule_1s—1
with an estimated uncertainty of a factor of 5.

(W. Tsang, May 1983)
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15,15 ECO + HCO - H,CO + CO (a)
-+ Hy + 2C0 (b)
-+ (BCO), ()

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /fwulecule om™3 k/smamalecule~1=_l factor
Horowitz, Calvert 298 (3-35)x10%8 HCHO kg < kgup
(1078) (3-35)%1016 ¢,y k /ky ~ 5.8
Clark, et al. (1978) 298 30x101G HCHO ka, only reaction
photolysis of HCHO
Morrison, Heicklen 296 0-60x1016 NO k, only reaction
(1979) photolysis of HCHO
Quee, Thyne (1967) 303-376 (3-15)x1017 ky, main reaction
methyl formate ~ 3.5x10712 3
ko ~ 2.5x10713
Reilly, et al. (1978) 298 ax1017 3ax10712 3
Nadtochenko, et al. 298 (0.3-5)x1018 3x10711 1.4
(1979)
Hochanadel, et al. 298 (0.4-7)x101° 2.3x10711 1.2
(1980)
Mulenko (1981) 298 (0.1-3)x1018 3.6x10711 1.2
C ts and R mendations

There appears to be general consensus that the direct combination is unimportant. The more
recent results favor the disproportionation process as the main reaction. We suggest a
value of k(HCO + HCO - HyCO + CO) = 3x10™lem®molecule™ s™ with an uncertainty of 50%

and k,/ky, ~ 5.8 in accordance with the results of Horowitz and Calvert.

(W. Tsang, May 1983)
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Morrison, B. M., Jr., and Heicklen, J., "The Photooxidation of CHZO at 313 nm in
the Absence and Presence of NO," J. Photochem. 11, 183 (1879)

Mulenko, S. A., "Investigation of the Recombination of the HCO Radical
‘in an Atmosphere of Argon and Helium by the Method of Internal Resonator
Laser Spectroscopy," J. Appl. Spectros. 33, 688 (1981)

Nadtochenko, V. A., Sarkisov, 0. M., and Vedeneev, V. I., "Study of the
Reactions of the HCO Radical by the Intraresonator Laser Spectroscopy
Method During The Pulse Photolysis of Acetaldehyde," Bull. Acad. Sci.
USSR, Div. Chem. Sci. 28, 605 (1979) tr. of Izv. Akad. Nauk SSSR,
Ser. Khim., 651 (1979)

Quee, M. J. Y., and Thynne, J. C. J., "Photolysis of Methyl Formate,” Trans.
Faraday Soc. 63, 1656 (1967)

Reilly, J. P., Clark, J. H., Moore, C. B., and Pimentel, G. C., "HCO Production,
Vibrational Relaxation, Chemical Kinetics, and Spectroscopy Following

Laser Photolysis of Formaldehyde," J. Chem. Phys. 63, 4381 (1978)

16,2 CHy + Hy = CH, + H

Conditions . Reaction rate constant, Uncertainty

Reference Temp. /K {M] /molecule cm™3 . k/cmamulsuule'1a“1 Lactur
Kerr, Parsonage (1976) 370-700 ‘ 1.4x10" 12exp(-5488/T)

review
Clark, Dove (1973) 1340 5%1018 Ne 7.6x10714
Walker (1968) review 5.5x10" 12exp(-6143/T)
Marshall, Shahkar s84-671 (1-4)x1al7 8.3x10 13axnc-5200/T)

(1981)
Ci ts and R dations

This is an extensively studied reaction. Unfortunately it has been established that the
ratio of rates for this process and that of the equally well studied reverse process do
not reproduce the equilibrium constant for the reaction. There is also an uncertainty
regarding the curvature of the Arrhenius plot. Our recommended rate expression is
lt.ﬁ:i:l()‘zz’.['s‘]'zexp(-lo381¢/T)cmsmcler:t:lle'15_1 with an uncertainty of 50% at tempera-

tures up to 700 K and - a factor of 3 at 2500 K. It is based on a best fit of available
experimental results. However, if we combine this rate expression with that for

the equally well characterized reverse reactions [10,4] we obtain a heat of

reaction thaﬁ is 4 kJ mol”! lower than that calculated on the basis of the well established
thermodynamics. Additional work is needed. This reaction is not important at combustion
temperatures.

(W. Tsang, May 1983)
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Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetics Data on Gas Phase Hydrogen
Transfer Reactions of Methyl Radicals," (Butterworths, London, 1976)
Marshall, R. M., and Shahkar, G., "Rate Parameters for CHy + Hp - CH, + H
in the Temperature Range 584-671 K,™ J. them. Soc. Faraday Trans. I
77, 2271 (1881)
Walker, R. W., "Activation Energies of the Reversible Reasction botweoen
Hydrogen Atoms and Methane to give Hydrogen and Methyl Radicals",
J. Chem. Soc., 2391 (1968)

16,3 CHy + 0, + CH30, (a)
= CHy0 + O (b)
+ CH,0 + OB (c)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm o k/cmdmolecule™1s™1 factor
Hsu, et al. (1983) 1150-1560  (1.8-4.5)x10%8 Ar kp = 1.67x10 0exp(-15500/T) 2

0.21-0.40% azomethane in Oy

Bhaskaran, et al. 1700-2300  (6-9)x1018 Ar ky = 1.16x10 Mexp(-12010/T) 2
(1980) 5-10 ppm C,Hg k. < 8.6x107 lexp(~17400/T)
' 250-5000 ppm Oy
Klais, et al. (1979) 368 (0.26-2.6)x1017 k. < 3x10716
) Ar, Azomethane, OZ
Baldwin, Golden (1878) 1200 8x1012 k. < 5x10”Y7
Parkes (1877) 298 (0.6-24)x1018 ko = 3.1x10731 (x,) 1.3
Ny, Neopentane koo = 1.2x10712
Laufer, Bass (1975) 300 (1.6-23)x10%8, He, Ne, Ar k.o = 1.7x10712 1.3
Basco, et al. (1972) 295 (0.8-11)x1018 K@ = 5x10713 1.3
: Ny, Neopentane ko = 1x20730 (neopentane)

= 0.25x10730 (Argon)
kg < 1x10718

‘van den Bergh, Callaar 205 (1-15)x1018 ko ~ 1.8x10712 1.3
(1971) Propane
Barnard, Cohen (1968) 473-573  (1.8-3.6)x1018 ka0 ~ .84-1.47x1073% large
) Acetone cm®molecule2s71
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a ¥ K® et room Lemperature is near 1.3x1

of a factor of 2, (b) appears to be more important than (c).

and assuming (b) proceeds through an-activated CH;0, intermediate lead to the results for

012

cm

3

molecule

ka+b given in Table A. Strong collisions are assumed.

a step size of the order of 300 em ! and 1500 em™! respectively is commensurate with the
experimental results. Collision efficiencies as a function of temperature and downward
step size can be found in Table B. Table C gives the branching ratio for decomposition

versus stabilization. Using the suggested step size we find over the temperature range

700-2500 K:

KoMy, 0.1) = 2,8x20%21714-5305p(-7573/T)
K, (N,, 1) = 1.5x10351715-01gxp(-8567/T)
a‘"'2

k (Ny, 10) = 1.23x10397713-77exp(-10440/T)

and

ka(CH30,, 0.1) = 7.9x10317723.936xp(-8475T)
ko(CB30,, 1) = 4.5%10%4T 2%-38gxp(-9851/T)

ko (CH30p, 10) = 2.2x10387714-500xp(-11510/T)

-15

-1

with an uncertainty

RRKM calculations neglecting {c)

For N, and larger polyatomics

The recommended rate expression for k, = 3.3x10'6(T)'1'57exp(—14710/T)cm3molecule_1s_1 and
b

has been scaled to reproduce the results of Hsu et al. and Bhaskaran et al.

of pressure over most applicable ranges and requires CH30 + O to be collisional.

uncortainties are a factor of 3.

The

It is independent

Table A. Values of l°5(ka*b/ka*bm)= dopend on tration and temperature.
log[M] T/K

300 500 700 900_ 1100 1300 1500 1700 1800 2100 2300 2500
6.0 -1.79 -2.26 -2.61 -2.13 -3.17 -3.12 -2.77 -2.37 -2.07 -1.85 ~-1.68 -1.56
16.5 -1.37 -1.81 -2.15 -2.46 -2.71 -2.83 -2.67 -2.34 -2.06 ~-1.85 ~-1.68 -1.56
17.0 -0.99 -1.39 -1.70 -2.00 -2.25 -2.43 -2.46 -2.27 -2.03 -1.83 -1.67 ~-1.55
7.5 -0.66 -1.00 -1.29 -1.56 -1.80 -2.00 -2,13 -2,08 -1.95 ~-1.80 -1.865 -1.54
18.0 -0.40 -0.87 -0.91 -1.16 -1.38 -1.57 -1.74 -1.80 ~-1.78 -1.70 -1.59 . -1.50
18.5 -0.21 -0.40. -0.59 -0.80 -0.99 -1.17 ~-1.25 =-1.44 -1.49 -1.50 -1.45 -1.41
1.0 -0.09 0.21 -0.34 -0.50 -0.66 -0.80 -0.87 =-1.06 -1.14 -1.20 -1.21  -1.21
19.5 -0.04 -0.10 -0.17 -0.28 -0.39 -0.51 -0.63 -0.71 ~-0.78 -0.81 ~-0.80 -0.93
20.0 -0.01 -0.04 -0.07 -0.14 -0.24 -0.28 -0.36 -0.42 -0.49 -0.54 =-0.58 -0.61
20.5 -0.01 -0.02 -0.06 -0.09 -0.13 -0.19 -0.21 -0.25 -0.29 -0.32 -0.34
21.0 -0.01 -0.02 -0.03 -0.05 -0.08 -0.09 -0.11 -0.13 -0.14 -0.16
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Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (em™ 1)

150 300 600 1200 2400
300 0.14 0.29 0.49 - 0.68 0.82
500 0.056 0.15 0.31 0.51 0.69
700 0.028 0.081 0.20 0.38 0.58
900 0.014 0.045 0.12 0.27 0.47
1100 7.8x1073 0.028 0.078 0.18 0.36
1300 4.3x1073 0.015 0.047 0.13 0.28
1500 2.3x1073 8.5x1073 0.028 0.083 0.20
1700 1.3x1073 4.7x1078 0.017 0.052 0.14
1900 6.9x107% 2.6x1073 9.5x1073 0.092 0.091
2100 . 3.7x107% 1.4x1073 5,3x1073 0.018 0.057
2300 2.0x1074 7.7x107% 2.9x1073 0.010 0.035
2500 9.3x1075 3.6x1074 1.4x10738 5.2x1073 0.018

Table C. Branching ratio ky/k, as a function of temperature and pressure.

logiM] T/K
900 1100 1300 1500 1700 1900 2100 2300 2500

16.0 0.003 0.10. 1..13 7.11 29 86 201 391 660
16.5 0.001 0.03 0.37 2.3 9.3 28 64 124 210
17.0 0.01 0.12 0.76 3.0 8.9 21 40 67
17.5 0.004 0.04 0.25 1.0 2.8 6.7 13 22
18.0 0.015 0.09 0.35 0.89 2.2 4.2 7
18.5 0.006 0.03 0.13 0.35 0.77 1.4 2.3
19.0 0.003 0.014 0.05 0.13 0.28 ° 0.51 0.91
19.5 0.001 0.006 0.02 0.05 0.11 0.19 0.30
. 20.0 0.003 0.01 O.OZAV 0.046 0.08 0.11
20.5 0.0015 ©.004 ©0.01 0.02 0.03 0.05
21.0 0.002 0.005 0.01 0.015 0.02

{(W. Tsang, October 1984)
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16,4 CHy + H ~ CH,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm™ 3 k/cm°molecule 1s™1 factor
Sworski, et al. (1880) 296 25x1018 2x10"10 1.3
Patrick, et al. (1980) 300 (1.7-30)x1017 Az, sFg ko = 1.5x10710 1.4
Cheng, et al. (1977) 308 9.4x10%7 Cc,Hg 0.52x10710
3.1x1018 1.83x10°10
9.4x1018 2.49x10710 1.5
25.1x1018 2.72x10710
72.2x1018 3.0x10710
Camilleri, et al. 500-750  1.3x1017 ar 1.8x10712
(1074) 1.95x1017 2.6x10"12 2
2.6x10%7 3.6x10712
Pratt, Veltman (1974) 285 (2-5)x1017 He (2.9-7.2)x10712
Michael, et al. (1973) 300 2.4x1016 He 2.0x10712
5.2x1016 2. 5%x10712
8.1x1016 5.5x10712
1.1x10%7 8.0x10"12
1.4x1017 5.5x10712
Teng, Jones (1872) 303-603  2x10%6 g, 0.20x10" 12exp(-25/T) 2
Halstead, et al. 290 2.7x1017 ar 0.38x10711
(1970) 4.0x1017 0.5x10711
5.4x1017 0.67x10711
Dodonov, et al. (1969) 293 2.2x1017 He 1.7x10711 3
Brown, et al. (1966) 298 (5-10)x1016 ar 3.3x10712 3
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c ts and R dations

The results of Cheng et .al., Patrick, et al. and Sworski, et al. have been combined with
the reverse rate determination ofl-Chen, et al. to derive the rate expression

xo = 1078-7(1/T7)% - Ycmmolecule 1s™!. For weak .collisional effects, the step sizes down-
for larger polyatomics -are:in the 1000-2000 cin™1 range between 300-1100 K. This

leads to the following k/k® ratios at 0.1, 1 and 10 atm:

log(k(CH,, 0.1)/km) = 0.174 - 1.104x1073T + 1.82x107 %12
log(k(CH,, 1)/k®) = 0.155 - 4.391x1073T - 1.119x1077T2
log(k(CH,, 10)/k®) = 0,021 + 2.031x1075T - 1.161x107/T2

For argon, a downward step size of 600 em™l fits the data from 1200 to 2500 K.
The k/k® ratios at 0.1, 1, and 10 atm are:

log(k(A, 0.1)/kw) = 0.225 - 1.652x107°T + 1.038x10™/T2

log(k(A, 1)/ke) = 0.275 ~ 8.745x10”*T - 7.107x10 872

log(k(A, 10)/k®) = 0,107 - 1.743x10°%T - 1.927x107 772

In the temperature range 300-700 K the step size for deactivation by rare gases appears
to be in the range of 100-200 em™l. Table A contains data on fall-off bqhavior

for strong colliders. Collision efficiencies as a £uncti§n of step size can be found
in Table B. The estimated uncertainties are a £acpor of 1.5 near room temperature

increasing to a factor of 3 at 2500 X.

Table A. Values of log(k/k®): dependence on concentration and temperature.
Log[M] ‘ ' T/K

300 500 700 900 - 1100 1300 1500 1700 1900 2100 2300 2500
16.0 -1.060 -1,81 -1.96 -2.11 -2.286 -2.40 -2.35 -2.68 -2.81 —2.83 =3.03 -3.10
16.5 -1.23 -1.37 -1.51 -1.66 -1.80 -1.94 -2.09 -2.21 -2.35 -2.47 -2.58 -2.69
17.0 ~-0.84 -0.97 -1.1 -1.24 =-1.38 =-1,51 =-1.65 -1.78 -1.81 -2.02 =-2.13 -2.24
17.5 ~-0.52 -0.83 -0.75 -0.88 -1.01 -1,13 -1.26 -1.38 ~1.50 -1.61 -1.71 -1.81
8.0 -0.28 -0.37 -0.47 -0.58 -0.69 -0.80 -0.82 -1.03 -1.14 ~-1.24 -1.33 ~-1.42
8.5 -0.13 -0.18 -0.27 -0.35 .-0.44 -0.,53 -0.63 -0.73 -0.82 -0.91 . -0.89 -1.07
19.0 -0.n5 -0.09 -0.14 -0.19 -0.26 -0.33 -0.41 -0.48 ~-0.58 -0.63 -0.70 -0.77
18.5 -0.02 -0.04 -0.06 -0.08 -0.14 -0,18 =-0.24 -0.29 -0.35 -0.41 =-0.46 -0.51
20,0 -0.01 -0.01 -0.02 -0.04 -0.06 -0,09 -0.12 -0.16 =-0.20 =~-0.24 -0.27 ~-0.31
20.5 -0.01 -0.02 -0.02 -0.04 -0.06 -0.08 =-0.10 ~0.12 -0.14 -0.17
21.0 . -0.01 -0.01 -0.01 -0.02 -0.03 -0.04 -0.05 -0.06 -0.08
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Table B. Colliajon efficiency B, as a function of downward step size

and temperatuxre.

T/K Step-size (em™ 1y

150 300 800 1200 2400
300 0.16 0.32 0.53 0.71 0.83
500 0.08 0.19 0.37 0.58 0.74
700 0.05 0.13 0.27 0.47 0.68
900 0.03 0.09 0.21 0.39 0.59
1100 0.02 0.08 0.16 0.33 0.53
1300 0.015 0.046 0.13 0.27 0.47
1500 0.011 0.035 0.11 0.23 0.42
1700 0.009 0.029 0.085 0.20 0.39
1900 0.008 0.021 . 0.065 0.17 0.33
2100 0.005 0.017 0.053 0.14 0.30
2300 0.004 0.014 0.044 0.12 0.27
2500 0.003 0.011 0.037 0.10 0.24

(W. Tsang, October 1984)
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16,5 CHy + 0 -+ HCHO + H (a)
= HCO + H, (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [Ml/molecule cm™2 k/cmPmoleculs 1571 . - factor
Hoyermann, Sievert 300 (0.64-3.2)x10%3 He Ko/ky > 5 1.2
(1879)
Walker (1976) review  300-200V 1.6x10710 1.3
CODATA (1984) evaln. 200-300 1.1x10730 1.5
Bhaskaran, et al. 1700-2300  6-9)x1018 Ar 1.3x10710 2
(1980)
C ts and R dations

The value of this rate constant is well established at k,yy, = 1.3x10"0cnPmolecule 1571

with an uncertainty of 50%. (b) is not an important channel.

The recent high temperature

results of Bhaskaran et al. are based on shock tube decomposition of C,Hg/0, mixtures with

direct detection of H and O by atomic resonance absorption spectrometry. Reaction proceeds

with a close to collisional rate constant and must involve formation and decomposition of -

activated molecules. The work of Hoyermann sets an upper limit for reaction channel (b).

(W. Tsang, ‘May 1984)
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16,6 CHg + O - CH3OH (a)
-+ H + CH,08 (b)
= B + CHy0 (c)

Reaction rate constant, Uncertainty

k/cmPmolecule 1s™1 factor

Conditions
Reference Temp. /K [M] /molecule em™3
Bhaskaran, et al. 1700-2300  (6-9)x1018 Ar
(1980)

Sworski, et al. (1980) 300 25x1018 cx,

Kpio = 3.3x10"8exp(-13860/T)

= -11
Kaiptc = 9-3%10
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C ts and R dations

Hydrogen ejection out of excited CH30H represent a possible decomposition channel
(b or c). We have performed RRKM calculations on this basis.
kinetics suggest that step b is more likely than
9x10"13cm3molecule 1s™! with an uncertainty of 50%.

the pressure dependence of k,;; can be found in Table A. Results for the

c.

We suggest k, 4@

Assuming strong collisions,

Thermodynamics and

branching ratio are in Table B. Weak collision effects can be derived from Table C.

Note that we have not been able to reproduce the temperature dependence of

Bhaskaran et al., but agreement on absolute rates is fairly good.

Using a step size down for CH50H of 1000 em ! at 0.1, 1 and 10 atm we suggest:

ky/k, (CHgOH, 0.1) = 10721-0678.91exp(s40/T)

ky,/k,(CHyOH, 1) = 107%7-113-53exp(-508/T)

ky, /k,(CH,0H, 10) = 10715-975-03exp(-1180/T)

Assuming for N, a step size down of 450 cm'l, at 0.1, 1 and 10 atms:
Ky /K (Np, 0.1) = 10724-1377.95.4p01020/T)

ky/kq(Np, 1) = 10719718 %exp(-20/T)

ky/k,(Ny, 10) = 10718-815-4exp(-976/T)

over the temperature range of 700-2500 X.
The uncertainty is a factor of 4.

Table A. Values of log(k,.p/k 43®):

dependence

At lower temperatures k, predominates.

on concentration and temperature.

log[M] T/K

300 500 700 900 1100 1300 1500 1700 1800 2100 2300 2500
16.0 -0.75 -1.12 -1.38 -1.45 -1.35 -1.20 -1.03 -0.98 -0.76 -0.66 ~-0.58 -0.50
16.5 -0.47 -0.79 -1.05 ~-1.20 =-1.22 -1.14 =-1.01 -0.88 -0.75 ~-0.66 -0.57 -0.50
7.0 -0.27 -0.51 -0.74 -0.82 -1.02 -1.02 -0.95 -0.85 -0.74 -0.65 -0.57 -0.50
7.5 -0.13 -0.30 -0.49 -0.66 -0.78 -0.87 -0.84 -0.80 -0.71 -0.63 -0.56 -0.48
8.0 -0.06 -0.16 -0.29 -0.43 -0.56 -0.67 -0.71 -0.70 -0.66 -0.61 -0.54 -0.48
18.5 -0.03 -0.07 -0.15 ~-0.26 -0.36 =~0.47 =-0.54 -0.57 =-0.57 -0.54 ~-0.50 ~0.46
19.0 -0.01 0.03 =-0.07 -0.14 -0.21 -0.30 -0.38 -0.43 ~-0.45 -0.46 -~0.44 -~0.42
18.5 ~0.01 -0.03 -0.06 ~-0.12 -0.17 -0.23 -0.29 -0.32 -0.35 -0.35 ~-0.35
20.0 -0.01 -0.02 -0.05 -0.10 -0.13 -0.17 -0.20 -0.23 -0.25 -0.27
20.5 -0.01 -0.01 -0.04 -0.06 -0.09 ~-0.11 ~-0.14 ~-0.16 -0.18
21.0 -0.02 -0.03 -0.04 -0.05 -0.07 -0.09 -0.10
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Table B. Values of branching ratio kh’ka: dependence on concentration and temperature.

log{M] T/K
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500

16.0 0.0003 0.018 0.18 0.94 3.6 11.0 28.4 70 152 308 585 1052
16.5 0.00016 0.008 0.076 0.38 1.4 4.1 10.8 25 54 108 202 361
17.0 0.0001 0.004 0.035 0.17 0.58 1.7 4.2 9.6 20 39.4 73 129
17.5 0.002 0.018 0.08 0.26 0.72 1.8 3.9 7.8 15.3 28 48
18.0 0.0013 0.0098 0.04 0.13 0.34 0.80 1.7 3.4 6.3 11 19
18.5 0.0007 0.0053 90.022 0.07 0.17 0.39 0.81 1.6 2.8 4.9 8
19.0 0.0003 0.0027 0.011 0.036 0.08 0.20 0.41 0.76 1.3 2.2 3.6
19.5 0.0001 0.0012 0.0058 0.019 0.05 0.11 0.21 0.39 0.67 1.1 1.7
20.0 0.0005 0.0026 0.008 0.02 0.05 0.11 0.20 0.34 0.55 0.84
20.3 0.00017 0,001 0.004 0.01 0.03 0.05 0.10 0.17 0.28 0.43
21.0 0.0003 0.001 0.005 0.01 0.02 0.05 0.08 0.14 0.21

Table C. Collision efficiency B, as a function of downward step size

and temperature.

T/K ' Step-size (cm 1)

150 300 600 1200 2400
300 0.16 0.32 0.53 0.71 0.84
500 0.077 0.18 0.31 0.57 0.74
700 0.044 0.12 0.19 0.48 0.85
900 0.027 0.08 0.15 0.38 0.58
1100 0.018 0.056 0.11 0.31 0.51
1300 0.012 0.040 0.085 0.25 0.44
1500 8.7x1073 0.028 0.085 0.20 0.39
1700 6.2x1072 0.021 0.065 0.16 0.33
1900 4.6x1073 0.016 0.051 0.14 0.29
2100 3.4x1073 0.012 0.041 0.11 0.25
2300 2.6x1073 9.4x1073 0.031 0.091 0.21
2500 2.0x107° 7.4x1073 0.025 0.074 0.18

(W. Tsang, May 1983)
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Sworski, T. J., Hochanadel, C. J., and Ogren, P. J., "Flash Photolysis of
Hy0 Vapor in CH,. H and OH Yields and Rate Constants for CHz Reactions
with H and OH," J. Phys. Chem. 84, 129 (1980)

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1162 W. TSANG AND R. F. HAMPSON

16,7 CHy + HO, = CH30 + OH (a)
+ CH, + 0, (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™> k/cm®molecule” 1571 factor
Colket, et al. (1977) 1030-1115 6.8x10'% N, k, = 3.3x10711

(0.7-5)x1016  cHycHO
(0.1-5)x10%7 o0,

Ci ts and R dations

Reaction (a) has been proposed to account for the oxidation of methyl radicals in acetaldehyde
oxidation. This reaction involves addition followed by decomposition of the hot adduct.

For the abstraction process (b) we estimate k = 6x10"12cm®molecule™ls™! as calculated from
the estimated rate of the reverse process and the equilibrium constant. Uncertainties are

a factor of 3 for (a) and 5 for (b).

(W. Tsang, May 1983)

References

Colket, M. B., III, Naegeli, D. W., and Glassman, I., "High-Temperature
Oxidation of Acetaldehyde,” Symp. Combust. 16, (Combustion lnstitute,
Pittsburgh, 1877) 1023

16,8 CH3 + Hy0, - CH, + HO,

log K, = -1.303 + 4258.6/T - 69552.6/T% + .23452x107 /T3

C ts and R dations

In the absence of direct measurements we estimate the rate of this process on the

basis of the reverse reaction [10,7] and the equilibrium constant. This leads to

K(CHy + Hy0p = CH, + HOp) = 2x10™ 4exp(300/T)em’molecule™s™! with an uncertainty

of a factor of at least 5. Note that the value for k(10,7) is an estimate and the

fact that it leads to a negative activation energy for this, the reverse process, suggests
that higher rate parameters may be more appropriate.

(W. Tsang, May 1983)
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16,9 CH3 + Hy0 - CH, + OH

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M)/molecule cm™3 k/cmsmolecule'ls—‘1 factor
Cohen, Westberg (1983) 700-3000 8.0x1072212-9gxp(-7480/T) 1.6
evaln.
c ts and R dations
This recommended value is derived from the recommendation for the rate. of the
reverse reaction CH, + OH —» CHy + Hy0 (see data sheet 10,6) and equilibrium
constant data.
(R. F. Hampson, May 1983)
References
Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions,” J. Phys. Chem. Ref. Data 12, 531 (1983)
16,11 CE3 + CZHS - CBk + Czﬂs
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm”3 k/cm®molecule ls™1 factor
Kerr, Parsonage (1976) 400-800 9.33x10~1'3exp(-5841/T) 1.3
review
Clark, Dove (1973) 400-2000 9.1x107 234 exp(-4169/T) 1.3-3
review
C ts and R dations

In order to relate low and high temperature data a curved Arzhenius dependence
is necessary. We therefore recommend the expression of Clark and Dove which
is based on a BEBO calculation. We estimate the uncertainty to be 30% at
room temperature and a factor of 3 at 2500 K.

(W. Tsang, May 1983)

Refefences

Clark, T. C., and Dove, J. E., "Examination of Possible Non-Arrhenius Behavior in
Reactions," Can. J. Chem. 51, 2147 (1973)

Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetic Data on Gas Phase Bydrogen
Transfer Reactions of Methyl Radicals," (Butterworths, London, 1976)
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16,12 CH5 + BCHO -~ CH, + .CHO

Conditions Reaction.rate constant, Uncertainty
Reference Temp. /K (M) /molecule cm™3 k/cmPmolecule 1571 factor
Anastasi (1983) 500-603  (3-10)x1018 1.4x10"12exp(-3490/T) 1.3
Manthorne, Pacey (1978) 788-935  (5-35)x1017 2.1x10"Mexp(-5410/T) 1.5
Held, et al. (1977) 1005 5x107 14 2
Aronowitz, Naegeli 1063-1223  7x10%8 N, 1.3-7.5x10712 3
(1977)
Kerr, Parsonage (1976) 300-500 1.7x10" exp(-3070/T) 1.5
review
C ts and R dations

We have adjusted the activation energy of a BEBO calculation to fit the experimental
rasuits from 300 to 1005 K. The data of Aronowitz and Naegeli seem high. The
recommended rate expression is k = 9.2x1072172-8leyp(-2950/T)cm’molecule 151

with an uncertainty of a factor of 2 from 300-1000 K and increasing to a factor of

3 at 2500 K.

(W. Tsang, May 1983)
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16,14 CHj + CO + M - CHyCO + M

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule em S . k/em®molecule 157t factor
Anastasi, Maw (1982)  263-343  -(0.3-2.7)x101% co 1.3
263 - 2.7x1019 1.3x10718
303 ax1018 3.6x10718
303 2.4x1019 7.9x107 18
343 3x1018 6.1x10718
343 2.1x1019 16.6x1018
Parkes (1981) 298 3x1018 co 1.8x10718 1.3
2.4x101° co 5010
Watkins, Word (1974) . 280-413  (1.8-8)x101° ko = 2.5x10" 13 exp(-3000/T) 1.5
! SFg, CFJ, azomethane
Kerr, Calvert (1965) 300 (2.4-7.2)x1018 azomethane, k = 6.8x10 1Sexp(-1964/T) 2

CO, neopentane

Comenﬁs and Recommendations

Results are compatible with the reverse process and the equilibrium constant assuming

AHg(CH5CO) ~ 10 kJ mol at 300 K. HWe recommend -the strong collision expression
ko(CHy + CO + M » CHyCO + M) = 10724517233 6xp(-3717/T)emPmolecule 2s™1

Corrections from the third order limit and collision efficiencies can be found

in Tables A and B. The measurements of Anastasi and Maw and Parkes in CO

are commensurate with a downward step size of 300 em !, For SFg the results

of Watkins and Word are consistent with step size of 1000 em™l, In the

temperature range 300-1700 K we suggest the use .of the expressions:
K(Ny, 0) = 1079-4177-58exp(-5490/T) cri®molecule™2s ™2

which, when corrected for pressure effects, leads at 1 and 10 atm Nj to the following:
log(k(Ny, 1)/k(N,, 0)) = -0.536 + 8.681x107T - 3.35x107 712
log(k(Ny, 10)/k(N,, 0)) = -1.55 + 2.35x1073T - 8.685x107/T2

where we have used a step size down of 450 un-l.

For larger polyatomics the rate expression for strong colliders is
k(CHg0, 03 = 10712.8776.3,4yp(-5263/T) emBmolecule™2s71

which when corrected for pressure effects at 1 and 10 atoms leads to:
log (k(CH3CO, 1)/k(CH4CO, 0)) = -0.672 + 1.003x1073T - 3.662x107 772
lor(k(CH5CO. 10)/k(CH43CO. 0)) = -1.727 + 2.335x10_3'.l' - 7.95Ax10-71'2

using a step size of 1500 em™l. We estimate the uncertainties as a factor of 3.
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Table A. Values of logk;0: dependence on concentration and temperature.

log(M] T/K
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500

17.0 -0.01 -0.01 -0.01

17.5 -0.03 -0.02 -0.02 -0.01 -0.01 -0.01

18.0 -0,08 -0.06 -0.05 -0.04 -0.03 -0.02 -0.02 -0.01 -0.01 -0.01 -C.01

18.5 -0.18 -0.14 -0.12 -0.09 -0.07 -0.06 -0.04 -0.03 -0.02 -0.02 -0.01 -0.01
19.0 -0.37 -0.29 -~0.24 -0.19 -0.15 -0.12 -0.09 -0.07 =-0.05 -0.04 -0.03 -0.02
18.5 -0.65 -0.53 -0.42 -0.34 -0.27 -0.21 -0.17 -0.13 -0.10 -0.08 -0.06 =-0.05
20.0 -1.03 -0.84 -0.68 ~-0.56 -0.46 -0.37 -0.29 -0.23 -0.18 -0.15 -0.12 -0.10
20.5 -1.47 -1.25 -1.04 -0.86 -0.72 -0.59 -0.47 =-0.40 -0.33 -0.27 -0.22 -0.18
21.0 -1.94 -1.70 -1.46 -1.25 -1.06 -0.80 -0.75 -0.64 -0.54 -0.47 -0.40 -0.34

Table B. Collision efficiency B, as a function of downward step size
' and temperature.

T/K Step-size (om™l)

150 300 600 1200 2400
300 0.13 0.28 0.48 0.67 0.81
500 5.2x107%  0.14 0.29 0.49 0.68
700 2.3x10"2  0.07 0.17 0.35 0.55
900 1.1x107%¢  3.5x1072 0.10 0.23 0.42
1100 5.1x10"3  1.8x1072 0.06 0.15 0.30
1300 2.4x107%  8.8x1073 3x1072 8.6x1072 0.20
1500 1.1x1073  4.3x1073 1.5x1072 4.8x1072 0.13
1700 5.4x107%  2.0x1073 7.5x1072 2.5x1072 7.6x1072
1900 2.5x107%  g.ex1074 3.6x1073 1.3x1072 4.1x1072
2100 1.1x107%  4.4x107% 1.7x1073 6.3x107° 2.2x1072
2300 5.2x1073  2.0x107%4 7.9x107% 3.0x1073 1.1x1072
2500 2.4x107%  9.4x1073 3.7x10"% 1.4x1073 5.2x107°
(W. Teoang, Ootobor 1084)
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16,15 CH3 + HCO = CH4 + CO (a)
-+ CH3CHO (b)

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M)/molecule cm ° k/cm®molecule ls™1 factor
Quee, Thynne (1967) 303-376  (3-15)x10%7 methyl formate k,/k, ~ 5.8 2

Toby, Kutschke (1959) 353-453  1x10'® azomethane Ky/kp > 4 2

(0.02-0.5)x1018 HewHo
Nadtochenko, et al. 298 (3-60)x1018 k = 2.3x10710 3
(1979)
Mulenko (1981) 298 (0.1-3)x1018 k = 4.4x10711

Comments and Recommendations

There seems to be agreement that the disproportionation process is favored. We suggest

k(CHg+HCO ~ CH,+C0)=2x10"*0cm®molecule *s ™1 and k(CH+HCO » CH4CHO)=

3x10-11cm3molecule_ls_1 with uncertainties of a factor of 2. We deduce the rate constant

for (b) on the basis of the reverse reaction (Colket et al. and references therein), which is

typical of radical combination process, and the equilibrium constant. Our RRKM
calculations indicate that at low temperatures ky, is very close to the high pressure
limit.

(W. Tsang, May 1983)
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16,16 2CH; -+ C,Hg (a)
= C,Hg + H (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 3 k/cm®molecule 1s™1 factor

log Kp = -8.97 + 20017/T - 50209/T2

MacPherson, et al. 296-577  (0.83-162)x1017 ko = 2.78x10" Mlexp(154/T)
(1983) k0 = (6£3)x10"2%xp(1680+300/T)
Baulch, Duxbury 250-420 ko = 3.98x10711
(1980)
Quack, Troe (1977) 250-1400
review 300 ko = 4 8x10 11
1400 ko = 2.9x10 11
Roth, Just (1879) 1650-2100  (1.7-2.3)x101°9 kp = 1.33x10 Jexp(-13400/T)
Cc ts and Recc dations

There have been a large number of studies on this reaction. They cover effects arising from
pressure as well as temperature. There is considerable disagreement with regard to lower
temperature pressure dependence, and there is only one such study at higher temperature.

We have combined these results with data for the decomposition process and obtained a best
fit of results in the form k@ = 1.68x1079(1/T)"0 - B4cm3molecule 11 with an uncertainty

of a factor of two at the higher temperatures. The pressure dependence for strong colliders
can be found in Table A. Table B contains information on collisional efficiencies

as a function of step size down and temperature.

The work of MacPherson et al. was carried out in argon and the fall-off behavior is

commensurate with a downward step size of 300 em™l.  This can be compared with a 600 em™1

step size down derived from high temperature recombination rates at 1350 K and shock tube results
(as summarized in Baulch and Duxbury) on ethane decomposition. A strong collider (ethane)
appears to have a collision efficiency at 900 K commensurate with a 1000 cm t downward

step-size (for the decomposition reaction).

The work of Roth and Just for reaction (b) implies k(CpHs + H - C,Hg) = 6x10"0cmimolecule 157! or
close to an order of magnitude higher than the value at room temperature if reaction proceeds via
an activated ethane molecule. The activation energy appears to be high. These results should be used
with caution. Our RRKM calculations yield the expression 3x10_lzexp(-5248.5/'1')cm3molecu}.e_ls_1 with an
uncertainty of a factor of 4. Fortunately this reaction cannot be of any importance in combustion

systems except at the highest temperatures.
Our recommended correction factors for Ar (and Nz) at temperatures in excess of 900 K are:

log(k(Ar, 0.1)/k®) = 1.55 + 9.16x10°4T - 1.533x10°672 + 2.61x10 1073
log(k(Ar, 1)/k®) = -0.235 + 1.033x10 3T - 1.114x107572 + 1.425x107 1073
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log(k(Ar, 10)/ke) = -0.151 + 5.55x107%T - 4.295x107/1% - 1.081x1071113
In the presence of ethane at 800-800 X, the reverse decomposition rates suggest that
step size in deactivatior is of the order of 1000 cm-l. On this basis we recommend:
log(k(C,Hg, 0.1)/k®) = -0.185 + 9.74x107%T - 1.31x10751% + 2.05x107101°
Log(K(Cpg, 1)/k®) = ~0.20 + 8.2x107°T - 7.96x107/T% + 7.45x107H11°

log(k(CyHg, 10)/ko) = -0.087 + 2.88x10° 4T - 1.59x107/12 - 5.64x10” 113

Table A. Values of log(k/k®): dependence on concentration and temperature.
log([M] T/X
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500

16.0 -0.07 -0.23 ~-0.45 -0.71 -0.98 -1.25 -1.52 -1.78 -2.03 -2.28 -2.51 -2.73
16.5 -0.03 -0.12 -0.28 -0.49 -0.72 -0.95 -1.18 ~-1.42 -1.66 -1.89 -2.10 -2.31
17.0 -0.01 -0.06 -0.17 -0.32 -0.50 -0.68 -0.88 -1.10 -1.31 ~-1.51 -1.71 -1.90
17.5 0.0 -0.03 -C.09 -0.19 -0.32 -0.47 -0.84 -0.81 -0.99 -1.17 ~-1.35 -1.53
i8.0 0.0 -0.01 -0.04 -0.10 -0.19 -0.30 -0.42 ~-0.57 -0.72 -0.87 -1.03 -1.18
18.5 0.0 0.0 -0.02 -0.05 -0.10 -0.17 -0.26 -0.37 -0.49 -0.61 -0.74 -0.88
19.0 0.0 0.0 -0.01 ~0.02 -0.045 -0.08 -0.15 -0.22 -0.31 -0.40 -0.50 -0.61
19.5 0.0 0.0 0.0 ~0.01 -0.02 =-0.04 =-0.07 -0.12 -0.17 -0.24 -0.31 ~0.39
20.0 0.0 0.0 0.0 0.0 -0.01 -0.02 -0.03 -0.06 -0.09 -0.13 -0.17 ~0.23
20.5 0.0 0.0 0.0 0.0 0.0 -0.01 -0.01 -0.02 -0.04 -0.06 -0.08 ~0.12
21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.01 -0.015 -0.02 -0.04 ~0.05

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (em™1)
150 300 600 1200 2400
300 0.31 0.48 0.56 G6.65 0.80
500 0.18 0.30 0.40 0.50 0.69
700 0.11 0.20 0.29 0.39 0.59
900 0.07 0.14 0.21 0.30 0.50
1100 0.046 0.093 0.15 .23 0.42
1300 0.031 0.068 0.11 0.17 0.35
1500 0.022 0.05C 0.082 £.13 0.29
1700 0.015 0.036 0.061 0.10 0.23
1900 0.011 0.026 C.042 0.076 0.18
2100 0.0074 0.018 0.032 0.057 0.15
2300 0.0051 0.013 0.023 0.042 0.12
2500 0.0036 2.00¢8 0.017 0.031 0.0¢
(W. Tsang, October 1984)
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17,1 CyHs + M~ CH, + M

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M} /molecule cm™° k/cmPmolecule 1s™1 factor
Kerr, Lloyd (1968) ko = 2.5x101%exp(-20590/T)s"1
review k, = 1x10"®exp(-16000/T)

Comments and Recommendations

The data on the forward reaction have been combined with results from lower temperature

studies on the reverse reaction to derive the rate expression for decomposition at the

high pressure limit. The recommended expression is ko = 109'69T1'lgexp(-15722/T)s-1.

The k/k® values as a function of pressure and temperature are given in Table A for strong colliders.
Collision efficiencies as a function of downward step size and temperature can be found in Table B.
On the basis of experiments in the pressure dependent region we find at room temperature downward step
sizes of 80 em™! for H,, 1000 em™ ! for SFg, 300 em™ ! for Kr, 200 cm™! for N,, 200 em™ ! for

Ar and, at the higher temperature ranges, 1000 cm™! for ethane. Over the entire temperature

range we suggest the use of a 450 t:m_1 step size down for NZ. This leads to the

following fall-off factors:

log(k(N,, 0.1)/k®) = .0678 + 3.365x1074T - 1.844x107 672 + 3.646x10-1073

log(k(Ny, 1)/k®) = -.236 + 1.349x1073T - 1993x107572 + 3,442x1071073

log(k(Np, 10)/k®) = -.323 + 1.391x107°T - 1.457x107612 + 1.882x10"1073
For ethyl, a 1000 cm™t step size down leads to the fall-off factors:

log(k(CpHs, 0.1)/k®) = -.051 + 6.73x1074T - 1,707x107672 + 3.083x10~1073
log(k(CyHs, 1)/k®) = -.252 + 1.24x107%T - 1.56x107612 + 2. 325x107 1073
log(k(CyHg, 10)/k®) = -.229 + 9.107x107%T - 8.32x1077T2 + 5.016x10 1173

The overall uncertainty is a factor of 2.
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log (Ml T/K
300 500 760 900 1100 1300 1500 1700 19800 2100 2300 2500
16.0 -6.67 -0.84 -1,11 -1.45 -1.76 -2.07 -2.38 -2.68 -2.93 -3.18 -3.41 -3.62
18.5 -0.35 -0.51 -0.77 ~1.06 -1.36 -1.86 -1.95 -2.22 -2.48 -2.72 -2.84 -3.14
17.0 -0.17 -0.29 -0.50 ~0.75 -1.02 -1.28 -1.55 -1.81 -2.05 -2.27 -2.48 -2.68
17.5 -0.06 -0.15 -0.30 ~0.51 -0.73 -0.96 -1.20 ~-1.42 -1.64 -1.85 -2.05 ~2.23
18.0 ~0.02 -0.07 -0.17 ~0.31 -0.49 -0.68 -0.88 -1.07 -1.27 ~1.45 -1.863 -1.80
18.5 -0.01 -0.03 -0.08 ~0.18 -0.30 -0.44 -0.80 -0.76 -0.93 -1.09 -1.24 ~1.39
19.0 -0.01 -0.01 -0.04 ~-0.09 -0.17 -0.27 -0.38 -0.51 -0.64 -0.77 -0.80 ~1.02
19.5 6.0 -0.01 -0.01 ~0.04 -0.08 -0.14 -0.21 -0.30 -0.40 -0.50 -0.60 ~0.70
20.0 0.0 0.0 0.0 ~0.01 -0.03 -0.07 -0.11 -0.16 -0.22 -0.30 -0.36 -0.44
20.5 0.0 0.0 0.0 -0.01 -0.01 -0.03 -0.05 -0.08 -0.11 -0.15 -0.18 ~0.24
21.90 0.0 6.0 G.0 0.0 0.0 -0.01 -0.02 -0.03 -0.05 ~0.07 -0.0¢8 -0.11
Table B. Collision efficiency B, as a function of downward step size
and temperature.
T/K Step-size (cm 1)
150 300 800 1200 2400
300 0.14 0.30 0.50 0.69 0.82
500 0.083 0.16 0.33 0.53 0.71
700 0.031 0.091 0.22 0.40 0.60
a00 0.017 0.053 0.14 0.30 0.50
1100 0.0097 0.032 0.09 0.22 0.40
1300 0.0056 0.020 0.08 0.16 0.32
1500 0.0033 0.012 0.038 0.11 0.24
1700 0.0018 0.007 0.024 0.07 0.18
1800 0.0011 0.004 0.015 0.047 0.13
2100 0.00065 0.0025 0.0088 0.030 0.087
2300 0.00036 0.0014 0.0052 0.018 0.057
2500 0.00021 0.0008 0.003 0.011 0.036
(W. Tsang, October 1984)
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17,2 CyHs + Hy ~+ CoHg + H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [(M]/molecule cm 3 li(/cmsmo].ec‘.ll:-:-_ls_1 factor

log X, = -1.826 - 834.87/T + 38706/T2 + 4.954x105/73

Cao, Back (1982) 1111-1200  1.5x1018 &, 6.7x10 Mexp(-11581/T) 1.5
10 ppm C,H,

Baldwin, et al. (1969) 713 (1-3)x1018 1, 2.8x10"18 2
4-157 0,, 2-3% C,HCHO

Reid, LeRoy (1968) 513-593 (1.6-6)x1018 g, 3.8x10" 12exp(-6898/T) 1.5
(2-7)x10%6 c,H,

Boddy, Steacie (1961)  375-595 (4-13)x10"7 3-pentancne-d;, 3.4x10"3exp(-5690/T) 1.5

- -17
(4-9)x10"17 H,

Comments and Recommendations

The experimental results of Baldwin et al. have been rederived using their ratio for

k(CZHS + 02)/k(C2H5 + Hy) and the value for k(CZHS + 0y) (17,3) published in 1980.

The data of Reid and LeRoy and those of Boddy and Steacie have been recalculated using

newer values for the rate of CoHg recombination [17,17]). No corrections have been

made for isotope effects. The results are consistent (to within 50%) with the numbers

derived from the reverse rate and equilibrium constant. This leads to k(CoHg + Hy =+ Colig + H) =
10~23'291'3'sexp(-l(253/'.[‘)cmamolecule_ls—1 with an uncertainty of a factor of 1.5 to 700 K,
and greater than 4 at 1200 K. The results of Cao and Back are a factor of 4 slower. The
activation energy is very high. The results are based on a number of assumptions.
Nevertheless their results raise the possibility that our estimated uncertainty

may be too optimistic.

(W. Tsang, May 1983)
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Reid, L. W., and LeRoy, D. J., "The Mercury (63P1) Photosensitized Hydro-
genation of Ethylene. Kinetics of the Reaction C2H5 + Hz = CpHg + H,"
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17,3 C,Hs + 0, = CyH, + HO, (a)
~ C,H,0 + OH (b)
~ CyHS0, ()

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M} /molecule cm™3 k/emPmolecule 1s™1 factor
Baldwin, et al. (1980) 813 © (0.6-6)x1018 k, = 1.28x10713 1.5
N3,0,,Hy,CoHg
(t-C,Hg), k, = 1.4x10"2exp(-1950/T)
ky = 1.0x10"3exp(-3450/T)
Walker (1975) review 753 k, = 9x10714
896 k, = 1.6x10713
Plumb, Ryan (1981) 285 (2-34)x1018 k, = 2.1x10713 2
k. = 4.4x10712 5

Comments and Recommendations

The study of Baldwin et al. involved measuring CZHA' CZHAO' and butane yields in reacting
2,2,3,3—tetramethylbutane-oz-ethane systems in boric acid coated vessels. When this was
combined with earlier work on propionaldehyde oxidation at lower temperature they obtained
the rate expressions given above. Rate constants should be good to £50%2. There is probably
considerable uncertainty in the temperature dependence. The activation energy should

be small. Note that the recent room temperature value of Plumb and Ryan for kg,

is a factor of 100 faster than is predicted by extrapolation of the expression based

on higher temperature data. At room temperature the addition reaction is much more
important than disproportionation. But due to fall-off effects and the weak C-0, bond,
under combustion conditions disproportionation will be more important. We recommend using
the expressions of Baldwin et al. for combustion purposes.

(W. Tsang, May 1983)
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17,4 CyHg + H » C,Hg (a)
285 285
~ CHy + CHy (b)
~ CyH, + Hy (c)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M}/molecule cm 3 k/cm®molecule™ls™1 factor
Camilleri, et al. 503-753  (1-3)x107 ar ky = 6x10711 2
(1974) k, = 3x10712
Michael, et al. (1873) 300 (2.5-15)x1016 He Ka4pso = 3x10711 2
Kurylo, et al. (1970) 298 1.5x1018 He K 4pee = 6x10711 1.5
Comments and Recommendations
Under the experimental conditions of the published work k(b) is the main reaction.
We suggest the use of an overall rate of 6.0x10 ‘lemPmolecule ls™1. The branching
ratio for kb/ka for strong collisions can be found in Table A. Table B contains
data on collision efficiencies. k. is the rate constant for a disproportionation
reaction. It should have no activation energy. For reaction in N2 or polyatomics,
on the basis of a step size down of 500 em™1 and 1000 cm™1 respectively, we recommend:
log(ky/ky(Ny, 0.1)) = -.98 + 2.641x1073T - 2.0x107772
Llog(ky/k,(Ny, 1)) = -1.915 + 2.69x1073T - 2.35x107 712
Llog(ky/ka(Ny, 10)) = -2.875 + 3.048x107 3T - 3,728x107 712
and
log(ky/k,(CoHg, 0.1)) = -1.168 + 2.4275x1079T - 1.676x10 /12
Llog(ky/k,(CoHg, 1)) = -2.142 + 2.60x1079T - 2.44x10" /T2
Log(ky/k,(CoHg, 10)) = ~3.263 + 3.061x107 9T - 4.1136x10 /T2
We estimate the uncertainty as a factor of 3.
Table A. Values of branching ratio kp/k,: dependence on concentration and temperature.
log([M] T/K
300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
16.0 39 44 63 100 164 268 435 700 1102 1694 2540 3692
16.5 12 14 20.4 32.4 53 87 141 225 353 542 809 1176
17.0 3.9 4.6 6.8 11.0 18 29 47 75 116 177 262 379
17.5 1.3 1. 2.4 4.0 6.5 10 16.6 26 40 60 88 125
18.0 0.42 0.56 0.91 1.5 2.5 4 6.3 9.7 14.86 21.4 31 43.3
18.5 0.14 0.19 0.35 0.62 1.04 1.7 2.6 3.9 5.7 8.2 11.5 15.1
19.0 0.044 0.066 0.13 0.24 0.43 0.7 1.1 1.7 2.4 3.3 4.6 6.21
18.5 0.013 0.02 0.04 0.09 0.17 0.29 0.47 0.71 1.03 1.4 1.95 2.56
20.0 0.004 0.007 0.015 0.03 0.06 0.11 0.19 0.30 0.44 0.61 0.82 1.07
20.5 0.001 0.002 0.005 0.01 0.02 0.04 0.07 0.11 0.17 0.25 0.34 0.44
21.0 0.003 0.007 0.01 0.02 0.04 0.06 0.09 0.13 0.17
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Table B. Collision efficiency ﬂc as a function of downward step size

and temperature.

T/K Step-size (em™1)

150 300 600 1200 2400
300 0.15 0.31 0.52 0.70 0.83
500 0.072 0.18 0.35 0.56 0.73
700 0.040 0.11 0.25 0.44 0.64
900 0.024 0.07 0.18 0.35 0.56
1100 0.015 0.05 0.13 0.28 0.48
1300 0.010 0.033 0.096 0.22 0.41
1500 6.9x1073 0.024 0.071 0.18 0.35
1700 4.8x1073 0.017 0.053 0.14 0.30
1800 3.4x1073 0.012 0.039 0.11 0.25
2100 2.4x1073 8.6x1073 0.029 0.085 0.20
2300 1.7x1073 6.2x1073 0.021 0.066 0.17
2500 1.2x1073 4.5%x1073 0.016 0.050 0.13

(W. Tsang, October 1984)
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H+ C2H“ and H + CZHS," J. Chem. Phys. 53, 2776 (1970)
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17,5 C,Hg + O —+ CHyCHO + H (a)
~ HCHO + CHy (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M]/molecule cm 3 k/em’molecule 1571 factor
Hoyermann, Sievert 300 (0.64-3.2)x1015 He ka/kb =51
(1979)

Comments and Recommendations
It is noteworthy that O does not abstract H from ethyl. In view of the well established rate

constant of 1.6x10 10cmPmolecule™ls™! for the analogous CH, + O process, a similar value
3
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should hold here. The product distribution suggests 1,2 hydrogen migration to be of consid-
erable importance after addition. The uncertainty is a factor of 2.

(W. Tsang, May 1983)
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Identification of Primary Products at Low Pressure,” Symp. Combust. 17,
(Combustion Institute, Pittsburgh, 1979) 517

17,6 CyHg + OH - C,H, + Hy0 (a)
- CHy + H + HCHO (b)
- C,H0H (c)

C ts and R dations

In the absence of experimental results it would appear that both abstraction as well as
combination must be considered. Chemically activated ethanol can decompose to CoH, + H0
as in (a) or via C-C bond cleavage to give products as in (b). Unfortunately there have
been no determinations on the rate parameters for water elimination from ethanol. Thus
the branching ratio for (a+b) and (c) is highly uncertain. At temperatures in excess

800 K and 1 atm N, we suggest using: k, = ky = 4x10" M emBmolecule™ 171

The estimated uncertainty is a factor of 4.

(W. Tsang, May 1983)

17,7 CyHs + HOp —+ CH3 + H,CO + OH (a)
= C,Hg + 0, (b)
=+ CpH, + 3202 (c)

Comments and Recommendations

There are no measurements on this system. We believe that addition will be considerabaly faster
than abstraction and this will be followed by rapid decomposition of the adduct. The rate
constant, k,, can be expected to be close to the collisional value ~4x10 1lcm3molecule is71,
Reaction (b) is estimated to have a rate constant of 5x10 13cmPmolecule ls™1 and is

derived from the estimated rate for the reverse process. Reaction (c) is estimated to have a
rate constant of -«5x10-13cn:xsmolet:ule‘:ls—1 on the basis of disproportionation/combination

ratios for normal alkyl radicals. The estimated uncertainties are a factor of 2.

(W. Tsang, May 1983)
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17,8 CyHg + Hy0, ~+ C,Hg + HO,

log Kp = -1.61927 + 3236.63/T - 64‘087.6/'1‘2 + 4.5604x106/T3

Comments and Recommendations

In the absence of measurements we have calculated rate parameters on the basis of the rate
of the reverse reaction and the equilibrium constant. This yields k = 1.45x10'11‘exp(-490/1‘)
cmsmolecule-ls_l. Here as in the methyl radical case, the small rate parameters

lead one to suspect that the estimates used in determining the reverse rate expression are
in error. The uncertainty is a factor of 5.

(W. Tsang, May 1983)

17,9 CyHg + H,0 =+ CyHg + OH

log Kp =-3.42 + 0.4 log T - 4013/T

Comments and Recommendations

In the absence of experimental data, we recommend the rate expression

k = 5.6x10 1811 446xp(-10150/T)cm3molecule 1s™1 on the basis of the
recommendation for the rate of the reverse reaction CyHg + OH -+ CyHg + HZO

(see data sheet 11,6) and the equilibrium constant expression derived in Cohen and
Westberg (1983). The uncertainty is a factor of 2.

(R. F. Bampson, May 1983)

References

Cohen, N., and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions,” J. Phys. Chem. Ref. Data 12, 531 (1983)

17,10 C,H: + CH, - C,Hg + CH
285 4 ~ Colg 3

log K, = -.315613 - 1021.97/T + 5065/T2 + .21958x107 /T3

Comments and Recommendations
In the absence of experimental data, on the basis of the well established
reverse rate [16,11] and the equilibrium constant we recommend
k = 1.43x10°257%- L4oyp(-6322/T)cm3molecule 1571
The estimated uncertainty is a factor of 2 up to 1000 K.

(W. Tsang, May 1883)

1177

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1178 W. TSANG AND R. F. HAMPSON

17,12 CyHg + HCHO - CoHg + CHO

Comments and Recommendations

Rate constants for reactions of alkyl radicals with aldehydic hydrogens are remarkably

similar {J. A. Kerr and A. F. Trotman-Dickenson]. We recommend, in the absence of

direct measurements, the rate espression for methyl radical attack on formaldehyde:
k(C,Hg + HCHO = C,Hg + CHO) = 9.2x1072172-8leyp(-2950/T) cm®molecule 1571

with an uncertainty of a factor of 2 up to 1000 K and a factor of 5 at 2500 K.

(W. Tsang, May 1983)

References

Kerr, J. A., and Trotman-Dickenson, A. F., "The Reactions of Alkyl Radicals," Progr.
React. Kinet. Vol. 1 (Pergamon Press, New York, 1961) pg 105

17,14 CyHg + CO -+ C,HgCO

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M}/molecule cm™3 k/cm®molecule ™1 factor
Watkins, Thompson 238-378  (3-75)x10%7 ko = 2.5x10 Bexp~l/Ty/s 1.3
(1973) CO, azoethane

Comments and Recommendations

The rate constant expression of Watkins and Thompson should be used together with
the fall-off corrections for strong colliders given in Table A. Collision
efficiencies can be found in Table B. It should be noted that the weak

C-CO bond for this system implies that under most conditions the reverse

reaction is dominant. We estimate the uncertainty to be a factor of 2. Corrections
for weak collisions for N, and for larger polyatomics (based on step size down

of 500 cm—1 and 1000 cm_1 respectively) are as follows:

log (k(poly, 0.1)/k®) = 0.299 - 7.589x10 4T - 1.892x10 672
log (k(poly, 1)/k®) = -0.181 + 1.38x10 3T - 2.66x10 512
log (k(poly, 10)/k®) = -0.53 + 2.469x10 3T - 2.705x10 612

log(k(N,, 0.1)/k®) = 0.577 - 2.01x1073T - 1.495x10" 672
2

Log(k(Ny, 1)/k®) = 0.093 + 4.62x10°%T - 2.52x107712
Log(k(Ny, 10)/k®) = 0.423 + 2.296x1079T - 3.0299x10 512
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log[M] T/K
300 500 700 900 1100 1300 15600 1700 1800 2100 2300 2500
16.0 -1.47 -1.89 -2.33 -2.77 -3.14 -3.45 =-3.72 -3.93 -4.10 -4 .23 -4.34 -4.43
17.0 ~0.67 -1.02 -1.43 -1.83 -2.18 -2.47 =-2.73 -2.93 -3.10 -3.23 -3.34 ~3.43
18.0 -0.19 -0.41 -0.71 -1.01 -1.30 -1.54 =-1.77 -1.96 -2.11 -2.24 -2.35 ~2.44
19.0 -0.03 -0.10 -0.24 -0.41 -0.58 -0.74 -0.91 -1.05 -1.18 -1.29 -1.38 -1.48
20.0 -0.02 -0.05 -0.09 -0.15 -0.22 -0.30 ~-0.37 ~0.44 -0.50 -0.56 -0.62
21.0 -0.01 -0.01 -0.02 -0.03 =-0.05 -0.07 -0.08 -0.10 -0.12 -0.14
Table B. Collision efficiency Bc as a function of downward step size
and temperature.
T/K Step-size (cm™ 1)
150 300 800 1200 2400
300 0.11 0.25 0.44 0.64 0.79
500 0.032 0.092 0.22 0.40 0.60
700 0.010 0.034 0.098 0.23 0.42
900 2.9x107°3 0.011 0.035 0.098 0.23
1100 7.6x107% 2.7x1073 9.8x1073 0.033 0.093

(W. Tsang, October 1884)

References

Watkins, K. W., and Thompson, W. W., "Addition of Ethyl Radicals to Carbon

Monoxide. Kinetic and Thermochemical Properties of the Propionyl Radical",

Int. J. Chem. Kinet. 5, 791 (1973)

17,15 CyHs + HCO -+ C,Hg + CO (a)
+ C,HsCHO (b)

Comments and Recommendations

There are no measurements. We recommend values similar to those for the corresponding

reactions of methyl radicals: k(C,Hg + HCO ~ CyHg + CO)
and k(CpHg + HCO =+ C,HCHO) = 3x10”1lem®molecule ™11

2x10" 10cm3molecule s ™1

of 3. We have noted earlier that the disproportionation process for the methyl

radical seems exceptionally fast.

(W. Tsang, May 1983)

The uncertainty is a factor
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17,16 C,Hg + CHy + C4Hg (a)
CyHs + CHy - CH, + C,H, (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /X [M] /molecule cm S k/cmimolecule sl factor
Gibian, Corley (1972) 298 kb/ka ~ 0.04

review

Comments and Recommendations
There are no direct measurements. However, one can combine recombination rates
for the reaction 2CHz - C,Hg and 2C,Hg - C,H;y which are well established over extended
temperature ranges and through the combination to cross combination ratio determine
ko = 4.7x10" 1 300/7)% 320 ScmPmolecule”Ys™t.  The pressure dependence for strong
colliders is given in Table A. Collision efficiencies as a function of downward step
size and temperature can be found in Table B. The high temperature results for the reverse
reaction indicate downward step sizes of about 400 cm ! for argon and 600 cm ! for Xr.
We suggest the use of step sizes of 450 om % for Ny and 1000 em™t for larger polyatomics.
This leads to the following correction factors at 0.1, 1, 10 atms, and at temperatures in
excess of 800 K:
log(k,(Ny, 0.1)/k,®) = -0.487 + 1.985%x107°T - 1.874x10 %12 + 2.121x1071013
log(k,(Ny, 1)/k,®) = -0.3184 + 1.137x107°T - 8.353x107/12 - 2.156x10 1113
log(ky(N,, 10)/k,®) = -9.683x1072 + 2.233x107 T + 8.8824x107%12 - 2.0494x1072073
and
log(k,(Calg, 0.1)/k,®) = =0.357 + 1.347x107°T - 1.126x10751% + 5. 058x10"1173
loglk,(CyHg, 1)/kg®) =-0.213 + 6.91x107%T - 3.884x1077T2 - 8.8893x10 113
log(k,(C3H®, 10)/k,m) = 2.899x1072 - 2.382x1074T + 4.772x107 712 - 2.557x107 1073
The overall uncertainty is a factor of 2.
The disproportionation channel (b) has been studied by many workers., The rate expression

is ky = .04 kam with an uncertainty of 10Z.

Table A. Values of log(k/kw®): dependence on concentration and temperature.
log(M] T/K

700 900 1100 1300 1500 1700 1800 2100 2300 2500
16.0 -0.05 -0.17 -0.36 -0.62 -0.91 -1.22 -1.54 -1.85 -2.15 -2.43
16.5 -0.02 -0.09 -0.23 -0.43 -0.67 -0.94 -1.22 -1.50 -1.77 -2.02
17.0 -0.01 -0.05 ~0.14 -0.28 -0.47 -0.69 -0.92 -1.17 ~-1.41 -1.64
17.5 -0.02 -0.07 -0.17 -0.30 -0.47 -0.66 -0.87 -1.08 -1.28
18.0 -0.01 -0.03 -0.08 -0.18 =-0.30 ~0.45 -0.61 -0.79 -0.95
18.5 -0.01 -0.04 -0.10 -0.18 ~-0.28 -0.40 -0.54 -0.87
18.0 -0.01 -0.02 -0.04 -0.09 -0.16 -0.24 -0.34 -0.43
19.5 -0.01 -0.02 -0.04 -0.08 -0.13 -0.19 -0.25
20.0 -0.01 -0.02 -0.03 -0.08 -0.09 -0.12
20.5 -0.01 -0.01 ~0.02 -0.04 -0.05
21,0 -0.01 -0.01 -0.02
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Table B. Collision efficiency ﬁc as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.14 0.3 0.5 0.68 0.82
500 0.065 0.16 0.33 0.54 0.71
700 0.033 0.085 0.22 0.41 0.61
900 0.018 0.057 0.15 0.31 0.51
1100 0.01 0.035 0.09 0.23 0.42
1300 0.006 0.021 0.065 0.16 0.33
1500 0.0036 0.013 0.04 0.11 0.25
1700 0.0021 0.0078 0.026 0.078 0.19
1900 0.0012 0.0046 0.016 0.05 0.13
2100 0.0007 0.0026 0.00394 0.031 0.08
2300 0.00037 0.0012 0.0053 0.018 0.057
2500 0.00018 0.0075 0.0028 0.01 0.034

(W. Tsang, October 1984)

References
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17,17 CyHg + CoHg = C4H; g (a)
CoHs + CyHg + C,H, + CHg (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm's k/cmsmolecule_ls_l factor
Parkes, Quinn (1976)  300-850 k, = 1.4x107%2 1.5

review of pertinent literature together
with modulation spectroscopy experiments
Kerr, Moss (1981) 300-673
summary of over 30 experiments
Adachi, et al. (1979) 298 1.5x1018 azoethane

in propane

ky/k, = 0.13

- -11
k, = 2x10

- -11
ka4p = 2.4x10

Comments and Recommendations

We suggest the use of the rate expression k, = 1.8x10711 ang ky = 0.23x10" MemPmolecule™ s ™1

with an uncertainty of 30Z over the temperature range 300-1000 X,

The instability of CZHS at

higher temperature makes the small pressure dependence at high temperature and low pressure

unimportant for practical purposes.

(W. Tsang, May 1984)
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Radicals between 250 and 450 X," J. Chem. Soc., Faraday Trans. I 72, 1952 (1978)

18,1 CyH, » C,H, + H, (a)
+ C,Hy + H (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 3 k/cm®molecule 1s™1 factor
Kiefer, et al. (1983) 2300-3200 (1-3)x1018 xr k, = 2.5x10 Sexp(-27900/T) 1.5
ky = 2.3x10 Zexp(-41180/T)
Tanzawa, Gardiner 2000-2500  (1-3)x1018 Ar k, = 4.9x107/exp(-40900/T) 2
(1980) ky, = 5x1077exp(-48140/T)
Just, et al. (1977)  1700-2200 (6-16)x1018 k, = 4.3x10"/exp(~39800/T) 1.5
kp = 6.3x10"/exp(-49400/T)

Comments and Recommendations

There is strong evidence that the main reaction in ethylene decomposition involves

a molecular channel. Nevertheless, the sequence of reactions initiated by bond
breaking will result in the same products. We have extrapolated the experimental
data on the basis of RRKM calculations with the molecular process as the sole
decomposition channel. Results are given in Table A for strong collisions. Weak
collision effects are summarized in Table B. It is interesting to note that over the
entire experimental range the reaction is in the intermediate pressure region.

The high pressure rate expression from 1100-2500 K: ko = 1012-870- 44,0 44670/1)s71
with an uncertainty of a factor of 3.

We have found that the experimental results are consistent with a down step size

of 450 cm™! for Argon and Krypton and this is probably also appropriate for NZ'

For large polyatomics we suggest using a step size of 1000 cm_l. On this basis

the correction factors to the high pressure rate constants at 0.1, 1, and 10 atm

and temperatures in excess of 1000 K for NZ(ASO em™1 step size down) and C2H4

(1000 cm™?! step size down) are as follows:
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Log(k(N,,0.1)/ko) = 1.044 -~ 1.174x1073T - 1.016x10 /T2

Log(k(N,, 1)/km) = 0.437 - 2.0817x107%T - 2.6622x10" 712

Log(k(Ny, 10)/k®) = -0.162 + 5.156x10 T - 3.514x10 /T2
and

log(k(poly,0.1)/kw) = 0.656 - 5.888x10 4T - 1.871x10° /T2

log(k(poly, 1)/k®) = 0.073 + 2.18643x10"%T - 3.035x107 772

log(k(poly, 10)/k@) = -0.32565 + 6.282x10 4T - 3.09822x10 /T2
We estimate the uncertainties as a factor of 3.
With respect to the bond breaking reaction, we suggest the use of the experimen-
tally determined expression of Just et al. or Tanzawa and Gardiner in the 1700-2500 X
range with argon or N, as the third body. At the highest temperatures the expres-

sion of Kiefer is more appropriate.

Table A. Values of log(k/k®): dependence on concentration

and temperature.

log[M] T/K
1100 1300 1500 1700 1900 2100 2300

16.0 -0.68 -~0.80 -1.11 -1.33 ~1.54 -1.75 ~1.96
16.5 -0.48 ~0.64 -0.83 -1.02 -1.21 -1.40 ~1.58
17.0 -0.28 -~0.43 -0.59 -0.75 ~0.91 -1.08 ~1.24
17.5 -0.17 =~0.27 -0.39 -0.52 ~0.66 -0.80 ~0.94
18.0 -0.08 -~0.16 -0.24 -0.34 ~0.45 -0.56 -0.68
18.5 -0.04 -0.08 -0.13 -0.20 ~0.28 -0.37 ~0.46
19.0 -0.02 -0.04 -0.07 -0.11 ~0.18 ~0.22 ~0.28
19.5 -0.01 =-0.01 -0.03 -0.05 ~0.08 -0.12 ~0.16
20.0 ~0.01 -0.01 -0.02 ~0.03 -0.05 ~0.08
20.5 -0.01 ~0.01 -0.02 ~0.03
21.0 -0.01 ~0.01

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
1100 0.017 0.053 0.14 0.30 0.50
1300 0.012 0.038 0.11 0.24 0.44
1500 8.4x1073 0.028 0.082 0.20 0.38
1700 6.1x1073 0.020 0.063 0.16 0.33
1900 4.5%107°3 0.016 0.050 0.13 0.29
2100 3.4x1073 0.012 0.039 0.11 0.25
2300 2.5x1073 9.2x1073 0.031 0.084 0.21
2500 1.9x1072 7.1x1073 0.024 0.072 0.18

(W. Tsang, May 1983)
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18,2 CoH, + Hy, » CZBS + H

log K, = 0.74436 - 14858.89/T - 19924.0/T2 + 0.58156x107 /T3

Comments and Recommendations

There are no experimental results on the rate of this reaction. However, on the basis

of the rate of the reverse reaction k(Colis + H = CoB, + Hy) = 3x10712cm3moleculels1
[Camilleri, P., Marshall, R. M., and Purnell, H., "Reaction of Hydrogen Atoms with Ethane, "
J. Chem. Soc. Faraday Trans. I 20, 1434 (1974)] and the equilibrium constant we

suggest 1.7x10nllexp(-31030()/’.[‘)cmamolecule_ls_1 with an uncertainty of a factor of 3.

(W. Tsang, May 1983)

18,3 CyH, + 0, = C,Hy + HO,

Comment.s and Recommendations

There are no measurements for the rate of this process. Following Walker’s estimates
for 02 + alkane (Reaction Kinetics Vol I, (P. G. Ashmore, Sr. Reporter)), Chemical
Society, London, 1874, pg. 161) we assign a rate expression for the abstraction process
of k = 7x10_119xp(-29000/T)cmamolecule_ls‘l, with an uncertainty of a factor of 10.
There is, however, the possibility of a lower lying channel involving addition and
rearrangement prior to decomposition. Unfortunately we are not able to make any
predictions for this process.

(W. Tsang, May 1983)
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18,4 C,H, + B ~ CHs (a)
= C,H + Hy (b)

Conditicns Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ > k/cmPmolecule 151 factor
(a) Lee, ot al. (1978) 198-320  ~1.5x1019 ar k,® = 3.67x10 exp(-1040/T) 1.2
Mihelcic, et al. 300 ~2.5x101° Ar ko = 12.5x107%3 1.3
(1975)
Michael, et al. 300 6x1016 to 1.8x101° He k,® = 16.1x10713 1.5
(1973) also HZ,NZ,Ar,Na,Kr,SFS also as f(P)
Kerr, Parsonage 300-800 k@ = 1.6x107 0exp(~1410/T)
(1972) review
(b) Just, et al. 2000 (6-16)x1018 Ar ky = 2.5x10711 1.5
(1977) 1700 ky = 0.8x107!

Comments and Recommendations
(a) There is good agreement for the value of this rate constant at 300 K. Combining
this value with that for the reverse reaction at higher temperatures leads to
K(CoH, + H » CpHg) = 1.42x107 1311 49exp(~499/T) cmPmolecule ™ 1s 71
with an uncertainty of a factor of 1.3.
Throughout most of this range the reaction is in the intermediate pressure region and
the pressure dependence, in terms of logk/k® is given in Table A. Collision efficiencies
as a function of downward step size and temperature can be found in Table B.
The downward step sizes at room temperature are 80 em™! for H,, 1000 em™ ! for SFg,
300 cm ! Kr, and 200 cm ! for N,, Ne and Ar. At higher temperatures the results
for the reverse reaction yield a step size of 1000 em™ ! for ethane. Over the higher
temperature (>600 K) range we suggest the use of a 450 em™1 step size down for No. This
leads to the following correction factors:
Log(k(Np, 0.1)/k®)= 0.068 + 3.375x10 T - 1.844x10712 + 3. 6521071013
Log(k(Ny, 1)/k®) = -0.236 + 1.35x1073T - 1.99x107572 + 3.44x1071073
log(k(Ny, 10)/k®) = -0.322 + 1.391x1079T - 1.457x107%12 + 1.881x2071073
For larger polyatomics, a 1000 om™? step size down leads to the correction factors:
log(k(poly, 0.1)/k®) = -0.051 + 6.73x10° 4T - 1.707x107612 + 3.083x1071073
log(k(poly, 10)/k®) = 0.252 + 1.24x10°°T - 1.56x107572 + 2.33x107 1073
log(k(poly, 10)/k®) = -0.228 + 8.11x107%T - 8.32x107772 + 5.016x10 1173

The overall uncertainty is a factor of 2.
(b) The work of Just et al. is the only measurement of the rate constant
for this reaction channel. We have fit a BEBO calibration to these data

vielding ky = 2.2x1071872-53¢xp(-6160/T)cmPmolecule 1571
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log(M] T/K
300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500

16. ~-0.67 -0.84 -1.11 -1.45 -1.76 -2.07 -2.38 -2.66 ~2.93 ~3.18 -3.41 -3.62
~0.35 -0.51 -0.77 -1.06 -1.36 -1.66 -1.95 -2.22 -2.48 -2.72 ~-2.94 -3.14
-0.17 -0.28 -0.50 -0.75 -1.02 -1.29 -1.55 ~-1.81 -2.05 -2.27 ~2.48 -2.68
~0.06 -0.15 -0.30 -0.51 =~0.73 -0.96 -1.20 -1.42 -1.64 -1.85 ~-2.05 -2.23
-0.02 -0.07 -0.17 -0.31 -0.49 -0.68 -0.88 -1.07 -1.27 =1.45 -1.63 =-1.80

0
16.5
0
5
0
18.5 -0.01 -0.03 -0.08 -0.18 -0.30 -0.44 -0.60 -0.76 -0.93 ~-1.09 -1.24 -1.39
0
5
0
5
0

17.
17.
18.

19. -0.01 -0.01 -0.04 -0.08 -0.17 -0.27 -0.38 -0.51 -0.64 -0.77 -0.90 -1.02
19. -0.01 -0.01 -0.04 -0.08 -0.14 -0.21 -0.30 -0.40 -0.50 -0.60 -0.70
20. -0.01 -0.03 -0.07 -0.11 -0.16 -0.22 -0.30 ~-0.38 -0.44
-0.01 =-0.01 -0.03 -0.05 -0.08 -0.11 -0.15 -0.19 -0.24

-0.01 -0.02 -0.03 -0.05 -0.07 -0.09 -0.11

20.
21.

Table B. Collision efficiency B. as a function of downward step size

and temperature.

T/K Step-size (cm™l)

150 300 600 1200 2400
300 0.14 0.30 0.50 0.69 0.82
500 0.063 0.16 0.33 0.53 0.71
700 0.031 0.091 0.22 0.40 0.60
900 0.017 0.053 0.14 0.30 0.50
1100 0.0097 0.032 0.09 0.22 0.40
1300 0.0056 0.020 0.06 0.16 0.32
1500 0.0033 0.012 0.038 0.11 0.24
1700 0.0019 0.007 0.024 0.07 0.18
1900 0.0011 0.004 0.015 0.047 0.13
2100 0.00065 0.0025 0.0089 0.030 0.087
2300 0.00036 0.0014 0.0052 0.018 0.057
2500 0.00021 0.0008 0.003 0.011 0.036

(W. Tsang, October 1884)
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Michael, J. V., Osborne, D. T., and Suess, G. N., "Reaction H + C2H4:

Investi-

gation into the Effects of Pressure, Stoichiometry and the Nature of the

Third Body Species," J. Chem. Phys. 58, 2800 (1973)
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18,5 C,H, + 0~ CH3 + HCO

79, 1230 (1975)

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm 3 k/cmPmolecule 1s™1 factor
Herron, Huie (1973) 200-500 5.4%x10" 12exp(-565/T) 1.2

evaln. 298 8.1x10713 1.2
Peeters, Mahnen (1973) 1200-1700 3x1017 0,, 6.5-7.52 C,H, 3.8x10 M lexp(-1360/T)
Atkinson, Pitts (1974) 300-392  2x108 Ar 5.6x10" 12exp(-640/T) 1.2
Singleton, Cvetanovic 288-486 2x1018 11.5x10_12exp(-8h5/T) 1.2

(1976)
Atkinson, Pitts (1977) 298-439  7x1017 Ar 9.2x10 12exp(-740/T) 1.2
Nicovich, Ravishankara 298-940 2x1018 ar 1.22x10" exp(-870/T) 1.

(1982) (Arrhenius expression
given for 298-438 X)

Perry (1984) 204-820  2x1018 Ar 2.1x107 1370833 (~690/T) 1.2

Comment.s and Recommendations

The recommendation of Herron and Huie (1973) was based on the results reported by

Davis et al. (1972) using the flash photolysis-resonance fluorescence technique over

the temperature range 230-500 K, with additional room temperature determinations by

flash photolysis-kinetic absorption spectroscopy and by discharge flow-mass spectrometry.
The present recommendation is derived from a fit to those results, and those of Westenberg

and deHaas (1969) for T<500 K, Atkinson and Pitts (1974), Singleton and Cvetanovic (1978),

Atkinson and Pitts (1977), Nicovich and Ravishankara (1982) and Perry (1984).

The recommended rate expresion is Z.ZXIO_ISTI'Ssexp(-ZIS/T)cmamolecule-ls_l over the range

230-940 K with an uncertainty of 20%.

Until recently, on the basis of final product analysis and also low pressure studies with

mass spectrometric detection (Pruss et al.

(1974), this reaction was thought to proceed

by O atom addition followed by H atom migration in the complex and C-C bond breaking to

give predominantly (85%) CH3 + HCO with a minor channel to give HZCZO + H,.

experiments have shown that the vinoxy radical CH,CHO is a major primary product of this

reaction.

and velocity distribution for all detectable mass peaks.

reaction channel proceeds by H atom elimination to give the vinoxy radical.

Buss et al. (1981) in a crossed molecular beam study measured product angular
They concluded that the major
The addition

reaction channel to give CH3 + HCO was determined to be unimportant in their system.

Inoue and Akimoto (1981) have observed by laser induced fluorescence the vinoxy radical

produced in this reaction.

induced fluorescence in a crossed molecular beam study of this reaction.

Hunziker et al.

However, recent

Kleinermanns and Luntz (1981) also observed this radical by laser

(1981) studied this reaction in the 40-760 torr pressure range by a photochemical modulation

1187
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19,14 C,Hy + CO ~+ C,H,CO

Comments and Recommendations

There are no measurements on this reaction. We estimate the enthalpy of reaction
to be 117 kJ mol™l, The high pressure rate parameters should be close to that for
ethyl + CO or 2.5x10—laexp(-2420/T)cm3molecule_ls-1. The reaction is in the fall-
off region under all conditions. The pressure dependence can be found in Table A.
Collision efficiencies as a function of step size and temperature are summarized in

Table B. Assuming a step size down of 450 em ! for NZ and 1000 cm™! for a polyatomic

similar to CyH3CO we find the following correction factors at 0.1, 1, and 10 atm respectively:

log(k(Ny, 0.1)/k®) = -0.128 + 1.07x107°T - 2.099x10751% + 3.850x107 2013

log(k(Ny, 1)/k®) = -0.34 + 1.5812x1073T - 1.848x107572 + 2.785x107 1073

log(k(N,, 10)/k®) = -0.277 + 1.068x107°T - 9.225x107/12 + 4.606x10” 1173
and

log(k(poly, 0.1)/k®) = -0.190 + 1.136x1073T - 1.784x107672 + 2.934x1071073

Log(k(poly, 1)/k®) = -0.282 + 1.208x107T - 1.256x107 612 + 1.371x1071073

log(k(poly, 10)/k®) = -0.14 + 4.757x10°4T - 2.829x107/12-8.537x107 1113

The estimated uncertainty is a factor of 5.

Table A. Values of log(k/kw): dependence on concentration and temperature.
log[M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
6.0 -0.27 ~0.5 =-0.76 -1.,06 -1.36 -1.63 -1.90 -2.15 -2.38 -2.59 -2.79 -2.96
16.5 -0.13 -0.28 ~-0.5 -0.75 -1.01 -1.26 -1.50 =-1.73 -1.94 -2.14 -2.32 -2.50
17.0 -0.05 -0.15 -0.3 -0.50 -0.71 -0.92 -1.13 ~-1.33 -1.53 -1.71 ~-1.87 -2.02
7.5 -0.02 -0.07 -0.17 ~-0.3 -0.46 -0.63 -0.81 -0.98 -1.15 -1.30 -1.45 -1.59
18.0 -0.01 -0.03 -0.08 -0.16 -0.27 -0.39 -0.53 -0.67 -0.81 -0.84 -1.07 ~-1.19
18.5 -0.01 -0.03 -0.08 -0.14 -0.22 -0.32 -0.42 -0.52 -0.62 -0.72 -0.82
19.0 -0.01 -0.03 -0.06 -0.11 -0.17 -0.23 -0.30 -0.37 -0.44 -0.52
19.5 -0.01 =-0.03 -0.05 -0.07 -0.11 -0.15 -0.19 -0.24 -0.28
20.0 -0.01 -0.02 -0.03 -0.04 -0.06 -0.08 -0.11 -0.13
20.5 -0.01 -0.01 -0.02 -0.02 -0.03 -0.04 -0.05
21.0 -0.01 -0.01 -0.01 -0.01 -0.02
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Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.14 0.29 0.49 0.68 0.82
500 0.059 0.15 0.32 0.52 0.70
700 0.029 0.084 0.20 0.38 0.59
900 0.0148 0.047 0.13 0.28 0.48
1100 7.9x10713  0.027 0.079 0.19 0.37
1300 4.2x107°3 0.015 0.048 0.13 0.28
1500 2.3x1073 8.4x1073 0.028 0.083 0.20
1700 1.2x1073 4.6x107°3 0.016 0.051 0.14
1900 6.6x107 % 2.5x107° 9.1x1073 0.030 0.088
2100 3.4%107% 1.3x1073 4,9x1073 0.017 0.17
2300 1.8x1074 6.9x1074 2.6x1073 9.5%1073 0.031
2500 8.9x107% 3.5%x107°3 1.35x1073  5.0x1072 0.017

(W. Tsang, October 1984)

19,15 CyHy + HCO = CyH, + CO (a)
+ C,H4CHO (b)

Comments and Recommendations

There are no rate measurements on these reactions. We suggest values similar to those for
methyl + formyl interactions, k, = 1.5x10-locm3molecule_ls—1 and ky, = 3x10_llcm3molecule_1s_1
with an uncertainty of a factor of 3. Due to the small size of acrolein, kb at higher
temperatures will be in the fall off region thus further enhancing k,. Uncertainty is

a factor of 3.

(W. Tsang, May 1983)
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is CZHA + HO, = CZHAOHZf (1,-1), CZH,'OH1 = C,H,O0 + OH (2), where the rate constant is

given by the expression k = kyki(k, + k_;). If we use ky ~ 1x10"12exp(-4000/T) em®molecule 1s™1
as appropriate for an addition reaction, then at 773 K, kz/k-1 ~ 1x10‘2. We suggest an
expression of the form: k = lxloglkexp(-4000/T)cm3molecule_ls_l. If there is a pressure
dependence then CZHAOZHf must be stabilized and this will represent an added complication.
Obviously, much more data are needed. The estimated uncertainty is a factor of 3 at 773 K and
much larger if long extrapolations are used.

(W. Tsang, May 1983)
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18,14 C,H, + CO - C,H; + HCO

log K, = 1.9920 - 19901.94/T + 115062/T2 - 1.90896x107 /13

Comments and Recommendations

There are no measurements on this system. On the basis of an assumed rate constant of

3.3x10"2cm3molecule s ™! for the reverse reaction we find for the rate of the forward

process, k = 2.5x10-loexp(-45600/T)cmsmolecule'ls_l, making it a very unlikely reaction
under all combustion conditions. The uncertainty is a factor of 5.

(W. Tsang, May 1983)
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18,16 CoH, + CHy — CoHy + CH, (a)

-+ nC3H, (b)
Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm™3 k/cmPmolecule ls™1 factor
Kerr, Parsonage (19768) 365-650 k, = 7x10-139xp(-5590/T)

review
Kerr, Parsonage (1972) 400-500 kp = 5.5x10" P3exp(-3877/T) 1.3

review
Comments and Recommendations
Data on the second process are much more extensive than on the first. However at
higher temperatures the important process will be (a). Our BEBO calculations
match the results quite closely. A fit has been made by changing the activation
barrier slightly. This leads to k(CH3 + CZHA ~+ CH, + C2H3) =
1.1x10-23T3‘7exp(‘4780/T)cm3molecule—ls-1 with an uncertainty of a factor of 2.
(W. Tsang, May 1984)
References
Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetic Data on Gas Phase Addition

Reactions: Reaction of Atoms and Radicals with Alkenes, Alkynes and Aromatic

Compounds, " (Butterworths, London, 1972)
Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetic Data on Gas Phase Hydrogen

Transfer Reactions of Methyl Radicals," (Butterworths, London, 1976)
18,17 CZHA + C2H5 - Czﬂ6 + CZHE) (a)

+ 1-C,Bg (b)
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm3molecule_1s—l factor
(a) Halstead, Quinn 798-924  (1.1-17)x107 C,H, k, = 6x10” Pexp(-8358/T) 3
(1968)

(b) Kerr, Parsonage ky = 2.5x10 13exp(-3675/T) 1.2

(1972) review

Comments and Recommendat.ions
(a) The study by Halstead and Quinn is the only published report on the rate

for this process. It is derived from studies on the pyrolysis of ethylene and
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depends on the interpretation of the mechanism. We have revised the expression from

that published in order to reflect better established values for k(l-C4H8 = CaHg + CHS)

and k(ZCZHS =+ C4H19). A fit of the data has been made on the basis of BEBO calculations

through a small variation in the activation barrier. This leads to
k, = 1.05x10_21T3'139xp(-9053/T)cm3molecule'ls-1. The estimated uncertainty is a

factor of 10.

(b) It should be noted that in most combustion processes the reverse reaction will
predominate over the radical combination.

(W. Tsang, May 1983)
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18,18 C,H, + CoH, — CoHy + CoHg

Conditions Reaction rate constant,
Reference Temp. /K [M] /molecule cm™3 k/cm’molecule 1571

Uncertainty

factor

log K, = 1.88585 - 15427.88/T ~ 156114/T2 + 2.5437x107/T3

Boyd, et al. (1968) 1x10_gexp(-32200/T)
(estimate based on
reverse process)

Ayranci, Back (1981)  700-773  (1-6)x10%8 c,n, 2.4x10"8exp(-33800/T)

Comments and Recommendations

Using the rate of the reverse process (19,17) and the equilibrium constant, we find

k(CyH, + CpH, = CpHy + CpHg) = 8x10™ Vexp(-36000/Trcm®molecule ™ s™! with an uncertainty

of a factor of 10. This expression is at wide variance with the observations of
Ayranci and Back.

(W. Tsang, May 1984)
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19,1 CyH; + M~ CpHy, + H+ M

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm > k/cmomolecule ™1 factor
log Kp = 5,777 - 8952.6/T + 94313.5/T2
Benson, Haugen (1967) 1300-1800 2.8x10%8 1.3x10 exp(-15860/T) 10
[Skinner, Sokoloski  1100-1800 2.8x1019 Ar
(1860)1 0.5-6% ethylene

Comments and Recommendations

There are no direct measurements for this reaction. The work of Benson and

Haugen is based on an analysis of the work of Skinner and Sokoloski. The
determination of the rates of the reverse reaction is in the temperature range

of 183 to 400 K. We have fit the results on the basis of RRKM calculations

using these results as a basis. We find, on a strong collision basis,

k, = 107'88(1/T)3'g7sxp(-21712/T)cm3molecule-ls_1. The corrections for pressure
effects can be found in Table A. Collision efficiency as a function of temperature
and step size can be found in Table B. The parameters from Benson and Haugen suggest
a down step size for argon of ~150 em L. We believe a more appropriate step size down
for N, is 450 em ! and 1000 cm™! for polyatomics. This leads to the

following rate expressions for T>600 K:

k(Ny, 0) = 1017-84777.48 04 (-22917/T)em3molecule Is™1

Log(k(Ny, 0.1)/k(Ny, 0)) = -1.689 + 2.889x1079T - 1.642x107 612 + 3. 045x10” 1073
Log(k(Np, 1)/k(Nz, 0)) = -3.00 + 4.676x107°T - 2.511x10 612 + 4.497x107 1073
log(k(Ny, 10)/k(Np, 0)) = -4.347 + 5.991x1073T - 2.954x1076T2 + 4.994x107 1073

and with CZHS or similar polyatomics:

k(CoHy, 0) = 1018-67176.940yp(-22863/T)cmPmolecule s

Llog(k(CpHy, 0.1)/k(CyHy, 0)) = -1.97 + 3.09x107°T - 1.671x107 672 + 3.01x107 1073
Llog(k(CpHy, 1)/k(CyHy, 0)) = -3.277 + 4.636x107°T - 2.347x107572 + 4.056x10” 1073
Log(k(CyHy, 10)/k(CyHg, 0)) = -4.542 + 5.544x107°T - 2.505x107%12 + 3.g9gx1071073

The rate constants are very much dependent on the uncertain thermochemistry for the vinyl
radical. We estimate an uncertainty of a factor of 10 below 1000 K decreasing to

a factor of 3 at 2500 K.
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log[M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
6.0 -0.14 -0.10 -0.08 -0.06 -0.05 -0.04 =-0.04 -0.03 -0.03 -0.02 -0.02 -0.02
16.5 -0.28 -0.19 -0.16 -0.12 -0.10 -0.09 -0.08 -0.06 -0.06 -0.04 -0.04 -0.03
17.0 ~0.48 -0.34 -0.27 -0.22 -0.18 -0.16 -0.14 -0.11 -0.10 -0.07 ~0.07 -0.06
7.5 -0.76 -0.55 -0.44 -0.36 -0.30 -0.25 -0.22 -0.18 =-0.16 =-0.12 -0.11 -0.09
8.0 -1.15 -0.83 -0.84 -0.54 -0.45 -0.38 -0.32 =-0.27 -0.23 -0.18 ~-0.16 ~-0.14
8.5 ~-1.67 -1.17 -0.84 -0.76 -0.64 =-0.53 -0.46 -0.38 -0.33 -0.26 =-0.23 -0.20
1.0 -2.13 -1.56 -1.26 -1.04 -0.87 =-0.73 -0.63 -0.52 -0.46 -0.37 -0.33 -0.28
1.5 -2.61 -1.98 -1.64 -1.37 -1.14 -0.98 -0.85 -0.71 -0.62 -0.52 -0.46 -0.39
20.0 -3.10 -2.46 -2.07 -1.75 -1.47 -1.28 =-1.12 -0.95 ~-0.83 =-0.71 -0.63 ~-0.55
20.5 -3.60 -2.94 -2.53 -2.18 -1.88 ~-1.64 =-1.42 -1.24 ~-1.10 -0.95 -0.85 =-0.75
21.0  -4.10 -3.43 -3.02 -2.64 -2.30 -2.05 -1.80 -1.59 -1.42 ~-1.25 ~-1.12 -1.00

Table B. Collision efficiency B, as a function

and temperature.

of downward step size

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.15 0.31 0.51 0.69 0.83
500 0.069 0.17 0.35 0.55 0.72
700 0.037 0.10 0.24 0.43 0.63
900 0.022 0.066 0.17 0.34 0.54
1100 0.013 0.043 0.12 0.26 0.46
1300 8.5x1073 0.028 0.083 0.20 0.38
1500 5.6x1072 0.019 0.059 0.15 0.32
1700 3.7x1073 0.013 0.042 0.12 0.26
1900 2.5x1073 9x1073 0.03 0.087 0.21
2100 1.7x1073 6.2x1073 0.021 0.065 0.17
2300 1.2x1073 4.3x1073 0.015 0.048 0.12
2500 7.9x107% 3.0x1073 0.011 0.035 0.10
(W. Tsang, October 1884)
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19,2 C,H3 + Hy > CZHQ + H

log X, = -1.14149 + 568.99/T + 136190/1% - 2.4092x107 /T3

Comment.s and Recommendations

There are no direct measurements for the rate of this process. From the equilibrium constant
and the rate of the reverse reaction we derive k = leO—ZOTZ‘639xp(-4298/T)CmsmOlecule_ls‘l»
The uncertainty is a factor of 10.

(W. Tsang, May 1983)

18,3 CyHy + 0O, » CoH, + HO, (a)
~+ CyH30, (b)

Comments and Recommendations

There are no measurements on the rates of these processes. By analogy with the reactions of ethyl
radicals we estimate k, = 2x10” Bemlmolecule 1s™! and ky = 1x10" MemPmotecule ™ s™l.  Under
combustion conditions the reverse of (b) predominates, making (a) the more important process. The
uncertainty is a factor of 5.

(W. Tsang, May 1983)

19,4 CyHy + H - C,H, + H, (a)
+ C,H, (b)

Comments and Recommendations

There are no experimental results on the rates of these processes. However, in view of the low
lying molecular channel for ethylene decomposition (18,1) and on the basis of RRKM calculations it
appears that the disproportionation channel (a) will be the most important with a rate constant in
the region of k(CyHz + H =+ CoH, + Hy) = 1.6x10" %cm3molecule 15”1 with an uncertainty of a

factor of 2.5,

(W. Tsang, May 1883)

19,5 C2H3 + 0~ CH,CO + H

Comments and Recommendations

There are no measurements on this process. On the basis of data on the reactions of methyl
and ethyl radicals, rates can be expected to be fast = 1.leO_lucm3molecule~ls_1.

The mechanism involves atom addition followed by adduct decomposition. Uncertainty

is a factor of 3.

(W. Tsang, May 1983)
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18,6 CpHy + OH + Hy0 + C,H, (a)
+ CHyCHO (b)

Couments and Recommendations

There are no measurements on the rate constants for these processes. They should both be
close to collisional values ~ 5x10_11cm3molecule-1s'l. Step (a) is an abstraction
process, while step (b) involves combination followed by rearrangement. The uncertainty
is a factor of 3.

(W. Tsang, May 1983)

19,7 C,Hy + HO, = OH + CH,CO + H

Comments and Recommendations

In the absence of experimental data and since the competing abstraction reaction should
be quite slow in comparison to additon, we postulate the reaction to proceed by an
addition mechanism with rapid decomposition of the hot adduct. The overall rate
constant can be expected to have a near collisional value ~ 5x10_llcm3molecule-1s_l
with an uncertainty of a factor of 3.

(W. Tsang, May 1983)

19,8 CyHy + Hy0, ~ C,H, + HO,

Comments and Recommendations

In the absence of experimental results we estimate this rate constant to be similar to that
for the methyl abstraction reaction ~2x10-14exp(300/T)cm3molecule‘1s_1 with an uncertainty
of a factor of 10.

(W. Tsang, May 1983)

19,9 C,Hy + H,0 -+ C,H, + OH

Comments and Recommendations

There are no reported measurements on this reaction. We suggest the use of
a rate expression similar to that for methyl radical attack on water,
k(CoHg + Hy0 + CoH, + OH) = 8x10 2212 Oexp(-7480/T)em®molecule ™ Is 1 with an
uncertainty of a factor of 5 at temperatures above 1000 K and larger at
lower temperatures.

(W. Tsang, May 1983)
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19,10 CyHy + CH, CpHy + CHS

log K, = 0.36863 + 381.89/T + 102549/T% - 1.2471x107/1°

Comment.s and Recommendations

There are no reported measurements on the rate of this process. We have
used the rate expression for the reverse reaction and the equilibrium
constant to determine the rate expression k(C,Hy + CH, - CH, + CHy) =
2.bx10-24T4'029xp(—2754/T)cmsmolecule_ls-1. The uncertainty is a factor
of 5 at temperatures in excess of 1000 X and larger at lower temperatures.

(W. Tsang, May 1883)

19,11 Cylly + CyHg ~ CyH, + CyHs

log K, = 0.68488 + 1403.86/T + 97484/T2 - 1.46666x107 /73

Comments and Recommendations

In the absence of experimental results we have utilized the rate of the reverse
reaction [18,17] and the equilibrium constant to yield k(Cylg + Cylg ~ CyH, + CoHg) =
10“21T3'aexp(-5285/T)cm3molecule—1s_l. The uncertainty is a factor of 5 at
temperatures in excess of 1000 X and larger at lower temperatures.

{W. Tsang, May 1983)

18,12 C,Hy + H,CO C,H, + HCO

Comment.s end Recommendations

In the absence of any direct measurements, we make use of the rate expression for methyl
abstraction (16,12) and note the similarities of the rates of abstraction of aldehydic
hydrogen by alkyl radicals. (J. A. Kerr and A. F. Trotman-Dickenson, Progr. React,
Kinet., Vol. 1, G. Porter and B. Stevens, ed., Pergamon Press, New York, 1961).

This leads to the rate expression 9x10"21T2'8lexp(—2950/T)cm3molecule*lsvl.

The uncertainty is a factor of 5 at temperatures in excess of 1000 X and larger

at lower temperatures.

(W. Tsang, May 1983)
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19,14 CyHy + CO + C,H,CO

Comments and Recommendations

There are no measurements on this reaction. We estimate the enthalpy of reaction
to be 117 kJ mol™Ll. The high pressure rate parameters should be close to that for
ethyl + CO or 2.leo_laexp(-2420/T)cm3molecule-ls-1. The reaction is in the fall-
off region under all conditions. The pressure dependence can be found in Table A.
Collision efficiencies as a function of step size and temperature are summarized in

Table B. Assuming a step size down of 450 cm™ 1 for Nz and 1000 cm 1 for a polyatomic

similar to C,H3CO we find the following correction factors at 0.1, 1, and 10 atm respectively:

log(k(Np, 0.1)/k®) = -0.129 + 1.07x107°T - 2.098x10" 612 + 3.g59x10" 1073

Llog(k(Ny, 1)/k®) = -0.34 + 1.5812x1073T - 1,848x107612 + 2.785x10-1073

log(k(Ny, 10)/k®) = -0.277 + 1.068x107°T - 9.225x1077T2 + 4 606x10~ 1173
and

log(k(poly, 0.1)/k®) = -0.190 + 1.136x10 3T - 1.784x10 6172 + 2.934%10~ 1073

log(k(poly, 1)/k®) = -0.282 + 1.208x1073T - 1.256x107612 + 1.371x10-1073

log(k(poly, 10)/ke) = -0.14 + 4.757x107%T - 2.829x107712-8.537x10" 1173

The estimated uncertainty is a factor of 5.

Table A. Values of log(k/kw): dependence on concentration and temperature.

Llog[M] T/K

300 500 700 900 1100 1300 1500 1700 1800 2100 2300 2500
16.0 -0.27 -0.5 -0.76 -1.06 -1.36 -1.63 -1.90 -2.15 -2.38 ~-2.59 -2.79 -2.96
16.5 -0.13 -0.28 -0.5 -0.75 -1.01 -1.26 -1.50 -1.73 -1.94 -2.14 -2.32 -2.50
17.0 -0.05 -0.15 -0.3 -0.50 -0.71 -0.82 -1.13 -1.33 -1.53 -1.71 ~-1.87 -2.02
17.5 -0.02 -0.07 -0.17 -0.3 -0.46 -0.63 -0.81 -0.98 -1.15 -1.30 =1.45 -1.59
18.0 -0.01 -0.03 -0.08 -0.16 -0.27 -0.39 -0.53 -0.67 -0.81 -0.94 -1.07 -1.18
18.5 -0.01 -0.03 -0.08 -0.14 -0.22 -0.32 -0.42 -0.52 -0.62 -0.72 -0.82
18.0 -0.01 -0.03 -0.06 -0.11 -0.17 -0.23 -0.30 -0.37 ~0.44 -0.52
19.5 -0.01 -0.03 -0.05 -0.07 -0.11 -0.15 -0.19  -0.24 -0.29
20.0 -0.01 -0.02 -0.03 -0.04 =-0.06 -0.09 -0.11 -0.13
20.5 -0.01 -0.01 -~-0.02 -0.02 -0.03 -0.04 -0.05
21.0 -0.01 -0.01 -0.01 -0.01 -0.02
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Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm™ 1)

150 300 600 1200 2400
300 0.14 0.29 0.49 0.68 0.82
500 0.059 0.15 0.32 0.52 0.70
700 0.029 0.084 0.20 0.38 0.59
900 0.0149 0.047 0.13 0.28 0.48
1100 7.9x10713 5027 0.079 0.19 0.37
1300 4,2x107°3 0.015 0.048 0.13 0.28
1500 2.3){’10‘~3 8,4){10‘3 0.028 0.083 0.20
1700 1.2x1073 4.6x1073 0.016 0.051 0.14
1900 6.6x10"4 2.5%x1073 9.1x1073 0.030 0.088
2100 3.4x1074 1.3x1073 4,9x1073 0.017 0.17
2300 1.8x107% 6.9x107% 2.6x10° 3 9.5%1073 0.031
2500 8.9x1074 3.5%1073 1.35x107%  5.0x1073 0.017

(W. Tsang, October 1984)

19,15 CpHy + HCO = C,H, + CO (a)
~ C,HCHO (b)

Comment.s and Recommendations

There are no rate measurements on these reactions. We suggest values similar to those for
methyl + formyl interactions, k, = 1.5x10" emdmolecule ™ ts ™! and ky, = 3x10" M emPmolecule 1s71
with an uncertainty of a factor of 3. Due to the small size of acrolein, kb at higher
temperatures will be in the fall off region thus further enhancing k,. Uncertainty is

a factor of 3,

(W. Tsang, May 1883)
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19,16 CpH; + CHy = C,H, + CH, (a)
» CaHg + H (b)
~+ C3Hg (¢)

Comments and Recommendations
There are no direct measurements on these processes. We assume that the disproportionation/combination
ratio will be similar to that for CHy + CoHs. This leads to k, = 6.5x10 1B3cm®molecule s with an
uncertainty of a factor of 3. The results for combination and the chemically activated
decomposition are summarized in Tables A and B with kpyo (@) = 4.2x10"11emBnolecule™1s™L,
Collision efficiency as a function of temperature and step size can be found in Table C.
We suggest using a down step size of 450 em™1 for N,, Oz, Ar and 1000 em™1 for larger polyatomics.
Uncertainties are a factor of 3. As can be seen in Table A, the pressure dependence for kb+c is
small. We recommend at 1 atm and with a polyatomic third body the correction factor:
Llog(ky 4 o(poly, 1)/ky, 4 @) =-0.177 + 6.687x10™*T - 6.040x10" /T2 + 1.07234x10” 1073

Within a factor of 1.5, it is also applicable for 0.1 and 10 atm and for Ny at 0.1, 1, and 10 atm
The branching ratio is strongly pressure dependent. The decomposition (b) to stablization (c)
ratios for N, and polyatomics at 0.1, 1 and 10 atm are:

Log(ky/k (Ny, 0.1)) = 10727-7778.66,p, (1639/T)

Log(ky /ko(Ny, 1)) = 10727-9598.52545c1248/T)

Log(ky, /k o (Ny, 10)) = 10730.7679.164y(1379 3/7)
and

Log(ky/ko(poly, 0.1)) = 10726-2578.07 451336, 5/T)

Llog(ky/ko(poly, 1)) = 10728.0778.42., 0 1068/1)

log(ky,/ko(poly, 10)) = 10732.0979.415,,(1650/T)

Uncertainties are a factor of 5

Table A. Values of 1og(kb+clkb+cw): dependence on concentration and temperature.

log[M)] T/K
700 800 1100 1300 1500 1700 1900 2100 2300 2500
16. -0.07 -0.17 -0.28 -0.38 -0.47 -0.53 -0.57 -0.60 -0.61 -0.61

16.
17.

0
5 =0.04 -0.11 -0.20 -0.28 -0.39 -0.47 -0.53 -0.57 ~-0.59 -0.860
0 -0.02 -0.06 -0.12 -0.21 -0.30 -0.38 -0.486 -0.51 ~0.55 -0.57
17.5 -0.01 -0.03 -0.07 -0.12 =-0.20 -0.29 -0.37 -0.43 -0.49 -0.52
18.0 -0.01 -0.03 -0.07 -0.12 -0.19 -0.27 -0.33 -0.38 -0.44
18.5 -0.01 -0.03 -0.07 -0.11 -0.17 ~0.23 -0.30 -0.35
19.0 -0.01 -0.03 -0.06 -0.10 -0.14 -0.19 ~0.24
18.5 -0.01 -0.03 ~0.05 -0.07 -0.10 ~0.14
20.0 ~0.01 -0.02 ~-0.03 -0.05 -0.07
20.5 -0.01 -0.02 -0.02 ~-0.03
21.0 ~0.01 ~0.01 -0.02
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Table B. Values of branching ratio k(decomp)/k(stabl): dependence on concentration and

temperature.

logiM] T/X

300 500 700 900 1100 1300 1500 1700 1800 2100 2300 2500
16.0 0.006 0.02 0.12  0.28 0.56 1.04 1.89 3.41  6.12 10.91 19.3  33.5
16.5 0.002 0.008 0.052 0.13  0.27 0.50 0.80 1.56 2.73 4.7 8.0 13.3
17.0 0.003 0.02  0.056 0.12 0.24 0.44 0.76 1.28 2.1 3.5 5.7
17.5 0.007 0.023 0.056 0.12 0.21 0.37 0.62 1.0 1.62 2.5
18.0 0.009 0.024 0,05 0,10 0.18 0.31 0.50 0.78  1.18
18.5 0.0017 0.009 0.02 0.048 0.088 0.15 0.25 0.38  0.57
19.0 0.002 0.009 0.021 0.041 0.07 0.12  0.184 0.27
19.5 0.008 0.017 0.03  0.054 0.086 0.13
20.0 0.004 0.013 0.023 0.034 0.056
20.5 0.0014 0.003 0.0087 0.014 0.022
21.0 0.001 0.002 0.003 0.015
Table C. Collision efficiency B, as a function of downward step size

and temperature.
T/K Step-size (cm 1)
150 300 600 1200 2400

300 0.14 0.29 0.48 0.68 0.82
500 0.065 0.17 0.33 0.54 0.72
700 0.036 0.10 0.24 0.43 0.62
200 0.022 0.060 0.17 0.34 0.54
1100 0.013 0.043 0.12 0.26 0.46
1300 8.7x10"3 0.029 0.084 0.20 0.39
1500 5.7x10723 0.020 0.061 0.16 0.32
1700 3.8x1073 0.013 0.043 0.12 0.26
1800 2.5x1673 9.2x1073 0.031 0.088 0.21
2100 1.7x1073 6.3x1073 0.022 0.066 0.17
2300 1.1x1073 4.3x1073 0.015 0.048 0.13
2500 7.5%x107% 2.9x1073 0.010 0.034 0.097

(W. Tsang, October 1984)
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19,17 CaHy + CoHg 1-C Hg (a)
~* CgHg + CH; (b)
=+ CoH, + CoH, (c)
- CZHZ + CZHS (d)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm > k/cm®molecule 1571 factor
Ibuki, Takezaki (1975) 298 2.3x101% 5, ko /k, =0.68
kq/k, =0.37
James, Troughton 434-448 9x10, 5
kg/k, =0.12
(1966) 1.1 mixture k. /k, =0.034
diethyl ketone
diallyl

C ts and R :dations

The measurements on the disproportionation to combination ratios are discordant.

We favor the lower numbers mainly due to the similarity to that for ethyl
disproportionation and combination. Therefore, kg=k, = 0.8x10 2cm3molecule 1s"1

with an uncertainty of a factor of 3. The main reaction is recombination,

Kotp = 2.5x10_11cm3molecule-ls-1. where (b) is the decomposition pathway for chemically
activated l-butene with almost no pressure dependence. The branching ratios are given
in Table A. Collision efficiencies as a function of step size can be found in Table B.
Decomposition to stabilization ratios with nitrogen (450 em™1 step size down)

and a polyatomic molecule similar to l-butense (1000 cm™! step size down) at

0.1, 1 and 10 atm are as follows:

Log(ky /k,(Ny, 0.1)) = 10737-6712.085x53946/T)
Log(ky /k,(Ny, 1)) = 10735.6711.25¢,,3289/T)
Log(ky/k,(Ny, 10)) = 10735-03710.834, 2853/T)
Log (ky,/ky(poly, 0.1)) = 10728-716-7exp (25 7/1)
Log(ky /k,(poly, 1)) = 10719.016.11gx5003 70/T)
Log(ky,/k,(poly, 10)) = 10720.9616.48¢,525 15/1)

Uncertainties are a factor of 5.
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Table A. Values of branching ratio kb/ka: dependence on concentration and temperature.
log[M] T/K

300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
16.0 0.70 1.14  2.42 5.10 10.3 20.8 41.5 81.4 155 281 476 745.9
16.5 0.23 0.42 0.96 2.04 4.05 7.9 15.3 29.1 53.7 85 158 244
17.0 0.08 0.15 0.38 0.85 1.9 3.26 6.1 11.2 19.8 34 54.7 82.4
17.5 0.024 0.05 0.15 0.35 0.73 1.42 2.61 4.6 7.9 13.9 20.0 29.2
18.0 0.008 0.017 0.05 0.14 0.31 0.63 1.16 2.0 3.32 5.2 7.79 10.8
18.5 0.002 0.006 0.018 0.05 0.12 0.27 0.51 0.80 1.46 2. 3.2 4.3
19.0 0.002 0.006 0.018 0.05 0.11 0.22 0.39 0.64 0.86 1.35 1.76
19.5 0.002 0.005 0.016 0.04 0.09 0.1 0.27 0.41 0.56 0.72
20.0 0.002 0.005 0.014 0.03 0.06 0.11 0.16 0.22 0.28
20.5 0.002 0.004 0.01 0.02 0.04 0.058 0.08 0.088
21.0 0.001 0.003 0.007 0.01 0.018 0.026 0.033

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm™ 1)

150 300 600 1200 2400
300 0.14 0.30 0.50 0.69 0,82
500 0.064 0.16 0.33 0.53 0.71
700 0.033 0.094 0.22 0.41 0.61
900 0.018 0.056 0.15 0.31 0.51
1100 0.01 0.034 0.097 0.23 0.41
1300 5.9x1073 0.020 0.062 0.16 0.32
1500 3.5x1073 0.012 0.040 0.11 0.25
1700 2.0x107°3 7.3x1073 0.025 0.074 0.18
1900 1.1x1073 4.2x1073 0.015 0.048 0.13
2100 6.2x10”% 2.4x1073 8.6x1073 0.029 0.084
2300 3.3x1074 1.3x1073 4.7x1073 0.016 0.051
2500 1.6x1074 6.4x1074 2.4x1073 8.8x1073 0.029

(W. Tsang, October 1984)
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19,18 C,H; + C,H
2f3 ¥ Co8, » g + B

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™2 k/cm3molecule 1s™1 factor
Benson, Haugen (1967) 1100-1800 2.8x1019 ar 8.3x10 13exp(-3676/T) 10
0.5-6Z ethylene in argon

Comments and Recommendations
This expression is based on Benson and Haugen’s analysis of the results of Skinner
and Sokoloski. The reaction proceeds through the formation of an adduct which
rapidly decomposes. The rate parameters are in the range expected for
addition reactions and as written the expression is suitable for most high
temperature purposes. The uncertainty is a factor of 10.
(W. Tsang, May 1984)
References
Benson, S. W., and Haugen, G. R., "Mechanisms for Some High-Temperature

Gas-Phase Reactions of Ethylene, Acetylene, and Butadiene," J. Phys. Chem.

71, 1735 (1967)
Skinner, G. B., and Sokoloski, E. M., "Shock Tube Experiments on the Pyrolysis

of Ethylene,” J. Phys. Chem. §4, 1028 (1860)
19,18 CyHy + C,H3 ~+ C.Hg (a)

= CyH, + CoH, (b)
=+ CgHg + H (c)
Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule cm™3 k/cmdmolecule 1571 factor

MacFadden, Currie 298 5x1013 divinylether, ky, = Sx10712
(1973) acetylene, ethylene, CO

Sherwood, Gunning 323 1x1017 divinylmercury ky,/k, =0.02
(1965)

Weir (1965) 448 1x1018 acryaldehyde, kp/ky = 1.0

vinyl formate

Tbuki, Takezaki (1975) 298 2.3x10%9 He ky/k, = 0.087

Commnents and Recommendations

There is very little definitive information on these reactions. We suggest that

recombination of vinyl will be very much like that of ethyl with a high pressure rate of

Kate = 1.6x10" MemPmolecule™ s™! with an uncertainty of a factor of 3. The
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disproportionation rate is estimated to be 1.6x10 12¢m3molecule 1s™ L. The results
of McFadden and Currie are affected by uncertainties in reaction conditions while those
of Sherwood and Gunning and Weir suffer from complexities in the reaction mechanism.
The possibility of an exothermic decomposition channel (c¢) represents an added complication.
Results of RRKM calculations on the assumption of strong collisions can be found in
Tables A and B. Weak collision effects can be found in Table C. We suggest the use
of a down step size of 450 em™ ! for N, and Argon and 1000 em L for large polyatomics.

This leads to the following expression:
1oB(Kkyyo/Kyse® = -0.040 + 1.044x1074T - 5.419x107912 - 5.068x10” 1113
At 1 atm for butadiene this is within a factor of 1.6 of all other results in N, and C Hg.

Branching ratios are:
log(kg/k,(Ny, 0.1)) = 10724-877-56exp(1310/T)
log (kg /ky(Ny, 1)) = 10728-978-07exp(1315/T)
Log (kg /ky(Ny, 10)) = 10731379 expca767/T)
Lo (k,/k,(C,Hg, 0.1)) = 10724-377.3803p(1247.7/T)
log(k,/k,(Cullg, 1)) = 10728218 3Boxp(1565.8/T)
log(k,/k,(Clg, 10)) = 10733-379-83exp(2176.5/T)

Uncertainty in the rate of vinyl disappearance (k_ +k_) is a factor of 3, while that for the
a ¢

branching ratio is a factor of 10.

Table A. Values of log(ka+c/ka+cw): dependence on concentration and temperature.

log[M] T/K

700 800 1100 1300 1500 1700 1800 2100 2300 2500
16.0 -0.01 ~0.02 -0.07 -0.13 -0.22 -0.31 -0.41 ~0.51 ~-0.58 ~0.65
16.5 ~0.01 -0.04 -0.09 -0.17 -0.25 -0.34 -0.43 -0.52 ~0.60
17.0 -0.02 -0.04 -0.10 -0.18 -0.26 -0.35 -0.44 ~0.52
17.5 -0.01 -0.02 -0.06 -0.11 -0.18 -0.25 -0.32 ~0.42
18.0 -0.01 -0.03 -0.06 -0.11 ~-0.16 -0.22 ~0.30
18.5 -0.01 -0.03 -0.06 ~0.10 -0.14 -0.20
18.0 ~0.01 -0.03 ~-0.05 -0.07 -0.11
19.5 -0.01 ~0.02 -0.03 ~0.05
20.0 ~0.01 -0.01 ~0.02
20.5 -0.01
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Table B. Values of branching ratio kb/ka: dependence on concentration and temperature.

log(M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.0 0.013 0.025 0.07 0.15 0.28 0.47 0.76 1.17  1.78 2.7 4.1 6
16.5 0.01 0.026 0.065 0.13 0.23 0.39 0.60 0.80 1.3 1.9 2.7
17.0 0.01 0.026 0.06 0.11 0.20 0.31 0.47 0.68 0.95 1.3
17.5 0.01 0.025 0.05 0.10 0.16 0.24 0.35 0.48 0.64
18.0 0.009 0.02 0.045 0.08 0.12 0.18 0.24 0.32
18.5 0.007 0.019 0.035 0.058 0.086 0.12 0.16
19.0 0.01 0.015 0.025 0.039 0.055 0.07
19.5 0.01 0.016 0.023 0.03
20.0 0.01 0.01

Table C. Collision efficiency Bc as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.15 0.31 0.51 0.69 0.83
500 0.069 0.17 0.35 0.55 0.72
700 0.037 0.10 0.24 0.43 0.63
300 0.021 0.066 0.17 0.34 0.54
1100 0.014 0.043 0.12 0.26 0.46
1300 8.5x1073 0.028 0.083 0.20 0.38
1500 5.5x1073 0.019 0.058 0.15 0.32
1700 3.6x1073 0.013 0.041 0.11 0.26
1800 2.4x1073 0.0086 0.029 0.084 0.20
2100 1.6x1073 0.0057 0.020 0.061 0.16
2300 1.0x1073 0.0038 0.014 0.043 0.12
2500 6.5x107% 0.0025 9.0x1073 0.030 0.087

(W. Tsang, October 1984)
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20,1 Czﬂz + CH + H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule em™3 k/cmamolecule_ls-1 factor
: - - 17 -
Tanzawa, Gardiner 1700-3400 (6-18)x10 7%10 8exp(-53800/T)
(1979) 1-10%7 CZHZ in Ar
Frank, Just (1980) 2100-3000  (3.6-16)x1018 (621)x10” 8exp(-53600/T)

5-400 ppm CyH, in Ar

Comment.s and Recommendations

The experimental results are in excellent agreement. Both are from shock tube experiments but with
different analytical methodology; Frank and Just used resonance absorption with H atom detection and
Tanzawa and Gardiner used a variety of methods. At the high temperatures the rates are clearly in

the bimolecular region. We have carried out RRKM calculation with a high pressure recombination

rate ~3x10"1%em®molecule s and confirm Frank and Just’s conclusion that for argon in this
temperature range the collision efficiency is 0.02. On this basis, one would have expected some-
what greater divergence between the two reported rate expressions. We recommend, on a strong collision
basis, k, = 109'“T_3'7exp(-63985/T)cmsmolecule_ls_l. The departure from a bimolecular process is
summarized in Table A. For argon as a third body we find B, commensurate with a downward step size of
300 cm_l. Since there are no data for other third bodies we suggest using 1000 em™ 1 for larger poly-
atomics. Table B give Bc as a function of step size and temperature. The high pressure rate

expression is ko = 1015'“2exp(-62#45/T)s'1. With N, as the weak collider and a step size down of
300 em™} we find:

Llog(k(N,, 0.1)/k®) = 0.347 ~ 1.228x1073T + 3.435x107 812
Llog(k(N,, 1)/k®) = 0.178 - 3.966x107%T - 1.338x1077T%
Log(k(Ny, 10)/k®) = 0,005 + 7.854x1075T - 1.775x107 712

For CZHZ and with a step size down of 1000 em ! correction factors are:
Llog(k(C,Hy, 0.1)/ke) = 0.476 - 2.015x1073T + 1.908x107712
Llog(k(CyHy, 1)/k®) = 0.372 - 1.0081x1073T - 4.837x107812

and  log(k(CpH,, 10)/k®) = 0.129 - 1.951x107%T - 1.97x107712

The uncertainty is a factor of 3.
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Table A. Values of log(k/k,): dependence on concentration and temperature.
log([M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
6.0 -0.07 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03 -0.03 -0.03 -0.02 -0.02 -0.02
6.5 -0.16 -0.12 -0.11 -0.10 -0.10 -0.09 -0.07 -0.07 ~-0.06 ~-0.06 =-0.05 ~0.05
17.0 -0.23 -0.27 -0.23 -0.21 -0.20 -0.17 -0.15 -0.14 ~0.12 ~0.11 -0.11 -0.10
17.5 -0.49 -0.49 -0.43 -0.38 -0.36 -0.31 -0.27 -0.25 -0.23 -0.21 -0.20 ~-0.18
8.0 -0.85 -0.80 -0.70 -0.62 -0.58 -0.51 -0.45 -0.42 -0.38 -0.35 =-0.33 =-0.30
8.5 -1.28 -1.20 -1.05 -0.91 -0.87 -0.77 -0.69 -0.66 ~-0.58 ~-0.54 -0.51 -0.47
19.0 -1.75 -1.866 -1.46 -1.29 -1.22 -1.10 -1.00 -0.94 -0.85 ~-0.78 ~-0.74 -0.68
1.5 -2.24 -2.14 -1.92 -1.72 -1.63 ~-1.49 -1.37 -1.29 -1.18 ~-1.09 -1.03 -0.96
20.0 -2.74 -2.63 -2.40 -2.18 -2.08 -1,93 -1.69 -1.69 -1.57 -1.46 ~-1.38 -1.30
20.5 -3.24 -3.13 -2.89 -2.68 -2.56 -2.40 -2.15 -2.15 ~-2.00 ~-1.89 -1.79 -1.60
21.0 =3.74 -3.63 -3.39 ~3.18 -3.05 -2.89 -2.63 -2.63 -2.47 -2.34 -2.25 -2.05

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm™1)

150 300 600 1200 2400
300 0.16 0.33 0.53 0.71 0.84
500 0.08 0.20 0.38 0.58 0.75
700 0.049 0.13 0.28 0.48 0.67
900 0.032 0.09 0.22 0.40 0.60
1100 0.022 0.067 0.17 0.34 0.54
1300 0.016 0.05 0.14 0.29 0.49
1500 0.012 0.04 0.11 0.25 0.44
1700 0.0095 0.032 0.081 0.21 0.40
1900 0.0075 0.025 0.076 0.19 0.36
2100 0.006 0.021 0.063 0.186 0.33
2300 0.0049 0.017 0.054 0.14 0.30
2500 0.0041 0.014 0.046 0.12 0.27

(W. Tsang, October 1984)
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20,2 C,H, + H, = C,H, (a)
+ CoHy + H (b)

log Ky(a) = 7.16084 + 9929.79/T - 136850.9/T% + .191006x107 /T3
log K,(b) = 0.07627 - 14215/T - 52582.9/T2 + 2.54237x108/13

Comments and Recommendations

There are no direct measurements on these processes. We have calculated the rate

constants from the equilibrium constants and the rate constant of reverse processes

(-a) (see 18,1) and (-b), assuming a rate constant for the latter of 3x10‘12cm3molecule-

1

as in CyHg + H. Thus, k, = 5x10”13exp(-19600/T)cmmolecule”

a
in 18,1) and ky, = 4x10712exp(-32700/T)om’molecule *s™1. The uncertainties are
a factor of 3 and 10 respectively.

(W. Tsang, May 1984)

20,3 C,H, + Oy = C,H + HO,

sl (see pressure dependence

Comments and Recommendations

There are no direct measurements for this process. Following (Walker, R. W.,
Reaction Kinetics, A Specialist Report (The Chemical Society, Burlington
House, London, 1875) Vol. 1, pg. 161), we estimate the rate expression for the
abstraction process to be 2x10_1lexp(-37500/T)cmsmolecule'ls'l, with an

uncertainty of a factor of 10.

There is also the possibility of a low lying decomposition chammel involving 0,
addition and rearrangement prior to decomposition. We are not able to

make any prediction regarding the likelihood of such a process.

(W. Tsang, May 1983)
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20,4 CoHy + H+ M- CoHy + M (a)
+ C,H + H, (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ k/cmamolecule_ls-l factor
(a) Payne, Stief (1876) 183-400  2.4-168x1017 k,® = 9.2x10" Y2exp(-1213/T) 1.2
(b) Frank, Just (1980) 1850-3000 3.6-16.8x1018 ar ky, = 1.3x10"%exp(-12900/T) 5
(a) Sugawara, et al.  206-461  5-6x1019 H, ko = 3.8x10 Mexp(-1375/T) 1.3

(1881)

Comments and Recommendations

(a) The investigations of Sugawara et al. and Payne and Stief cover extended

pressure and temperature ranges. Within a factor of 2 to 3, they are in

reasonable accord with other workers (summarized in their papers). We have

carried out RRKM calculations in order to reproduce their results and this

yields: k, = 10-16'93(l/T)3'7Sexp(-2&30/T)cm5molecule_zs_1. Pressure

dependence and collision efficiencies as a function of step size down can be

found in Tables A and B. The data of Payne and Stief are compatible with a

step size of down-100 em™t for He as a third body. We suggest the use of down-

ward step sizes of 300-400 cm ! for Ar and N, and 1000-2000 cm”! for larger

polyatomics. On this basis we find for step size down of 450 cm_1 and with

N, as the third body:
k(Ny, 0) = 10'5'gBT_7'27exp(—3632/T)cm6moleculs_1s'1
Log(k(Np, 0.1)/k(Np, 0)) = -1.689 + 2.889x1075T - 1.642x10612 + 3.045x107 1073
Log(k(Np, 1)/k(Np, 0)) = -3.000 + 4.676x107°T - 2.511x107572 + 4.497x10" 1073
Log(k(Ny, 10)/k(Np, 0)) = -4.347 + 5.8911x107°T ~ 2.9544x10672 + 4. gg44x10” 1073

For Czﬁa or a similar polyatomic as the bath molecule and with a step size of 1000 em 1
k(CoH3, 0) = 1078-11776.734y5(-3590/RT) cmBmolecule™2s™1
Llog(k(CyHz, 0.1)/k(CpHz, 0)) = -1.970 + 3.090x1073T - 1.671x107 672 + 3.012x10"1073
log(k(CoHy, 1)/k(CxHy, 0)) = ~3.277 + 4.636x107°T - 2.347x10°6T2 + 4.056x10” 1073
log(k(CyHy, 10)/k(CyHy, 0)) = -4.522 + 5.544x1073T - 2.505x10°572 + 3.990x10-1073

The uncertainty is a factor of 4. Note that at temperatures above 1300 K the

reaction is near the low pressure limit.

The rate expression given for (b) by Frank and Just is based on a review of past work.

We have used the rate expression for the reverse reaction (21,2) derived on the basis

of measured numbers at room temperature and a BSBL calculation and the equilibrium

constant to derive k = 10_10exp(-11200/T)cmBmolecule_ls-l.
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Table A. Values of log(k/ko): dependence on concentration and temperature.
log(M] T/K
300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500

16.0 -0.14 ~0.10 -0.08 -0.06 -0.05 -0.04 -0.04 -0.03 -0.03 -0.02 -0.02 -0.02
16.5 -0.28 -0.189 -0.16 -0.12 -0.10 -0.09 -0.08 ~0.06 -0.06 -0.04 -0.04 -0.03
17.0 -0.48 -0.34 -0.27 -0.22 -0.18 -0.16 -0.14 -0.11 -0.10 -0.07 -0.07 -0.06
17.5 -0.76 -0.55 -0.44 -0.36 -0.30 -0.25 -0.22 -0.18 -0.18 -0.12 -0.11 -0.08
18.0 -1.15 -0.83 -0.84 -0.54 =-0.45 -0.38 -0.32 -0.27 -0.23 -0.18 -0.16 -0.14
18.5 -1.67 -1.17 -0.94 -0.76 ~0.84 -0.53 -0.46 -0.38 -0.33 -0.28 -0.23 ~0.20
19.0 -2.13 -1.56 -1.26 -1.04 ~-0.87 -0.73 -0.83 -0.52 -0.46 -0.37 -0.33 -0.28
18.5 -2.61 -1.98 -1.64 -1.37 -1.14 -0.98 -0.85 -0.71 -0.862 -0.52 -0.46 -0.39
20.0 -3.10 -2.46 -2.07 -1.75 -1.47 -1.28 -1.12 -0.85 -0.83 -0.71 -0.863 -0.55
20.5 -3.60 -2.94 -2.53 -2.18 -1.88 -1.64 -1.42 ~-1.24 -1.10 -0.95 -0.85 -0.75
21.0 -4.10 -3.43 ~-3.02 -2,64 -2.30 -2.05 -1.80 ~-1.58 -1.42 -1.25 -1.12 -1.00

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.15 0.31 0.51 0.69 0.83
500 0.069 0.17 0.35 0.55 0.72
700 0.037 0.10 0.24 0.43 0.63
900 0.022 0.066 0.17 0.34 0.54
1100 0.013 0.043 0.12 0.26 0.46
1300 8.5x1072 0.028 0.083 0.20 0.38
1500 5.6x1072 0.019 0.059 0.15 0.32
1700 3.7x1073 0.013 0.042 a.12 0.26
1900 2.5x1073 9x1073 0.03 0.087 0.21
2100 1.7x1073 6.2x1073 0.021 0.065 0.17
2300 1.2x107°2 4.3x1073 0.015 0.048 0.12
2500 7.9x1074 3.0x1073 0.011 0.035 0.10

(W. Tsang, October 13884)
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20,5 CpHy, + O~ CHZ + CO (a)
=+ C,HO + H (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm®molecule 1571 factor
Herron, Huie (1973) 200-700 k = 2.3x10" Mexp(-1500/T) 1.3
evaln.
Westenberg, deHaas 297 (3-14)x1017 Ar k = 1.2x10713 1.5
(1877)
Vandooren, Van Tiggelen 700-1430  4x10%7 k, = 1.1x10" %exp(-2000/T) 2.5
(1877)
Vinckier, Debruyn 290-600 5x1016 E ot = 3.2%0.2 kcal mol~1
(1879)
Aleksandrov, et al. 208-608  2x1016 k = 3x10 exp(-1625/T)
(1981) kp = 1.5%10" Mexp(-2285/T)
L8hr, Roth (1981) 1500-2570  7x1017 Ar k, = 2.0x10"*0exp(-3300/T) 2
ky = 7.2x10"0exp(-6100/T) 2
NASA (1985) evaln. 200-450 k = 2.9x10 Mexp(-1600/T) 1.5
298 k = 1.4x10713 1.3

Comments and Recommendations

This evaluation accepts the NASA (1985) recommendation. Within the stated error limits it should
be valid up to 700 K. The results of Aleksandrov et al. are in extremely good agreement. Up to at
least 600 K the predominant reaction channel appears to be that giving CH, + CO as products with

a minor contribution from the channel giving CZHO + H (see Blumenberg et al. (1977))

and Aleksandrov et al. (1981), although in a molecular beam study both channels were

said to be important (Kanofsky et al. (1974). The high temperature results of Lohr and Roth

for ka agree well with those of Vandooren and Van Tiggelen at 1500 K. More high temperature

data are needed.

(R. F. Hampson, July 1985)
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20,6 CZHZ + OH ~» CZH + H20 (a)
-+ products (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ 3 k/cm’molecule 1571 factor
CODATA (1984) evaln.  200-300 6.5x10 2exp(-650/T) 2

(high pressure limit)
298 7.3x10713

Comments and Recommendations

The recommended rate expression for the abstraction reaction is k, = Z.4x10—20T2'889xp(—6060/T)
cm:')molet:ule_ls-l with an uncertainty of a factor of 10. It is derived from a calculation using
the BEBO method as described by Brown (1981). This is the predominant reaction under combustion
conditions. Near room temperature, where there is little agreement on the mechanism, the rate
constant, or its pressure dependence, the recommended expression is that given in the CODATA(1984)
evaluation. It is based on results reported in Michael et al. (1980), Perry et al. (1877)

and Perry and Williamson (1982).

(R. F. Hampson, May 1983)
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20,7 C,H, + HO, »+ CH,=C=0 + OH (a)
= CHy + CO + OH (b)
~ HC,0 + H + OH (c)

Comments and Recommendations

There are no measurements for the rate constants of these reactions. We suggest as a
very rough approximation, with an uncertainty of at least a factor of 10, the same rate
expression as for ethylene reacting with HO,, k, = 1x10" M exp(-4000/T)cm’molecule 1571,

Reaction paths b and c are also possible. We are unable to estimate branching ratios.

(W. Tsang, May 1983)

20,14 CZHZ + CO ~» C,H + HCO

Comments and Recommendations

Since there are no measurements for this reaction we have assumed a reverse rate of
3.3x10 MemPmolecule™ st to obtain 8x10 106xp(-53700/T) for the forward rate constant
with an uncertainty of a factor of 10. This makes it an extremely unlikely process
under all combustion conditions.

(W. Tsang, May 1983)

20,16 C,H, + CHy ~ C3Hs (a)
-+ CH, + C,H (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 3 k/cm molecule 1s™1 factor
log K, = -0.8887 - 3718.9/T - 316484/T2 + 4.332x107/T° (b)
Holt, Kerr (1877) (a) 379-487  ~2x10%® i-c,Hg, 1x10"12exp(-3877/T) 1.4

~0.5-87 C,H,, ~1% biacetyl

Comments and Recommendations
The predominant reaction at low temperature is addition. However at higher temperatures
the reaction is reversible. Under combustion conditions the abstraction process is the
predominant pathway and, within an uncertainty factor of 5, the rate expression is

k(CHy + CoH, » CH, + C,H) = 3x10 13exp(-8700/T)cm’molecule s ™1
derived on the basis of the reverse rate and equilibrium constant. See data sheet [21,10].

(W. Tsang, May 1983)
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20,17 CZHZ + C2H5 - CZH + CZEE (a)
= C,H; (b)

log Ky = ~1.20495 - 4740.87/T - 311418.9/T% + 4,551646x107/T> (=)

Comments and Recommendations

There are no direct measurements on this reaction. We have used the equilibrium constant and
results on the reverse reaction [21,11] to derive k(CZHZ + Cyllg » CoH + CoHg) =
k.leO"lBexp(-118OO/T) with an uncertainty of a factor of 5. Note that at lower

temperatures the addition reaction (b) is the main process. However, as the temperature

is increased the decomposition process will become even more important.

(W. Tsang, May 1984)

20,18 CpHp + CoH, - 2C5Hy

log Kp = 1.21776 - 14783.99/T - 188722.Q/T2 + 2.218286x107/T3

Comments and Recommendations

There are no direct measurements for this reaction. We suggest the rate expression
loxlO'llexp(-34400/'l‘)cm3mc:lar:ule_15-1 with an uncertainty of a factor of 10.

This is based on the equilibrium constant, a disproportionation to combination ratio
of 0.1 and a vinyl combination rate similar to that for ethyl radicals. See (19,19)
on vinyl combination and disproportionation.

(W. Tsang, May 1983)

20,20 CuH, + CoH, + C,Hy + C,H (a)
+ C Hy + H (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/cmamolecule'ls‘l factor

log K, =0.68769 - 18121/T - 402707.9/T2 + 5.308452x107 /T3 (a)

Back (1971 = B.3x10_gexp(-35250/T)

o
|

1.6x10” Mexp(-23100/T)

Tanzawa, Gardiner ky,

(1979)

Comments and Recommendations

There are no direct measurements on these processes. Back’s results are based on an assumed
disproportionation to combination ratio of 1.0 and a combination rate equal to that of ethyl+tethyl
(1.6x10_11cm3molecule_ls‘1) and the thermodynamics of the process. The results of Tanzawa

and Gardiner are from complex shock tube experiments. We have recalculated, following Back’s
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procedure, but using a disproportionation/combination ratio of 0.1 and newer thermodynamic data
and derived k(CpH, + CoH, + CpHy + CoH) = 1.6x10 M lexp(-42500/T)cmPmolecule™ls" 1 with an
uncertainty of a factor of 5. Reaction (b) is likely to be a composite process.

(W. Tsang, May 1983)

References
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21,2 C,H + Hy + C,H, + H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 2 k/cmPmolecule”ts™1 factor
Lange and Wagner (1975) 320 1.3x1017 e 1.7x10713 1.3
Laufer, Bass (1879) 300 1.6x1018 ge 1.5x10713 1.3
(relative to k(CZH + CoHy))
Okabe (1981) 298 k/k, £=0.0078
Kpegi CoH + CH,
Renlund, et al. (1981) 300 2.6x1016 ge 1.2x10711
Brown, Laufer (1981) 1.9x10 M exp(-1450/T) calculated

Comment.s and Recommendations

The expression given by Brown and Laufer (1981) is recommended. They calculated a
preexponential factor by the bond energy -~ bond order (BEBO) method and combined
this with the value of k at 300 K reported by Laufer and Bass to give this Arrhenius
expression. They also showed that the derived temperature dependence is in good
agreement with that calculated by the bond strength - bond length (BSBL) method of
Bérces and Dombi (1980) but is much less than that calculated by the BEBO method.
The experimental results of Lange and Wagner (1975) by the discharge flow - mass
spectrometric technique are in good agreement with those of Laufer and Bass (1979)
who measured the decreased absorption of butadiyne from the reaction CoH + CoHy =
C“HZ + H upon addition of H, in the vacuum ultraviolet flash photolysis of Coly.
The recent results of Renlund et al. (1981) by time-resolved CH chemiluminescence
are much higher and probably refer to the reaction of excited states of CZH.
Estimated uncertainties are +30% at room temperatures and increasing to a

factor of 3 at 2500 K.

(R. F. Hampson, May 1983)
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of CZH(§Z+) with Oy, HZ, and CH, Studies Via Time Resolved Product Emissions,”
Chem, Phys. Lett. 84, 293 (1981)

21,3 C,B + 0, + CO + HOO (a)
+ HC,0 + O (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm™3 k/cm3moLecule 1571 factor
Lange, Wagner (1975) 320 1.3x21017 He k=5.5x10"12 1.3
see comments
Renlund, et al. (1981) 300 2.6x10%8  He k=2.1x10711
Laufer, Lechleider 300 k,=4.0x10712
(1984) ky,=1.0x107 12

Coumments and Recommendations

The results of Laufer and Lechleider (1884) using flash photolysis-vacuum
ultraviolet spectroscopy techniques are recommended. They are consistent with
the results of Lange and Wagner (1975) for the overall rate by the discharge
flow-mass spectrometer technique. Renlund et al’s recent results by time-
resolved chemiluminescence are much higher and probably refer to the reaction
of excited states of CZH. There is considerable uncertainty regarding

the nature of the products. These may also include CH + CO, or C,0 + OH. We
estimate the experimental uncertainties at *#302. In the absence of measurements
on the temperature dependence we assign a factor of 10 uncertainty at 2500 X.

(R. F. Hampson, May 1984)
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21,4 C,H + H+ M~ CH, + M (a)
C,H + H ~+ C, + Hy (b)

Comments and Recommendations
There are no direct measurements on this process. On the basis of the reverse process and
the thermodynamics we have obtained k, = 10'17'9(1/T)3':"exp(—'IZI/T)cmsmolecule‘zs_1

[third order] with pressure and collisional efficiencies as given in Tables A and B.

We recommend use of a 300 em™1 downward step size for argon and N, and a 1000-2000 om™?
downward step size for larger polyatomics. On this basis we recommend
ko = 310 10cmBmolecule ts! with the following pressure corrections:
log(k(N,, 0.1)/k®)) = 0.347 - 1.228x107°T + 3.435x10" °12
Log(k(Ny, 1)/k®)) = 0.005 + 7.854x10™>T - 1.775x10” /T2
log(k(N,, 10)/k®)) = 0.179 - 3.966x107%T - 1.338x107/T?
For CZHZ and with a step size down of 1000 cm_l, the correction factors are:
log(k(CgHy, 0.1)/ke) = 0.476 - 2.015x107°T + 1.908x107712
Log(k(CgHy, 1)/k®) = 0.372 - 1.008x107°T - 4.837x107°12
Log(k(CyH,, 10)/k®) = 0.129 - 1.951x1074T - 1.870x107/12
The uncertainty is a factor of 3.
For reaction (b) a BEBO calculation yields ky = 6x10'1lexp(-110223/'I)t:mamc:lecule_15—1
with an uncertainty of a factor of 10.
Table A. Values of log(k/k®): dependence on concentration and temperature.
log[M} T/K
300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
16. ~0.07 -0.05 -0.05 -0.04 =-0.04 -0.03 -0.03 -0.03 ~-0.03 -0.02 -0.02 -0.02

16.
17.
17.
18.
i8.
19.
19.
20.
20.

o »nw O ;L O UL o wn o wu o
1
[

21.

-0.16 -0.12 -0.11 -0.10 -0.10 -0.09 -0.07 -0.07 -0.06 -0.086 -0.05 -0.05
-0.23 -0.27 -0.23 -0.21 -0.20 -0.17 -0.15 -0.14 -0.12 -0.11 -0.11 -0.10
-0.48 =0.44 -0.43 -0.38 -0.36 -0.31 -0.27 -0.25 -0.23 -0.21 -0.20 -0.18
-0.85 -0.80 -0.70 -0.62 -0.58 -0.51 -0.45 ~-0.42 -0.38 -0.35 -0.33 -0.30
.28 -1.20 -1.05 -0.91 -0.87 -0.77 -0.68 -0.66 -0.58 -0.54 -0.51 -0.47
~1.75 -1.66 -1.46 -1.29 -1.22 -1.10 -1.00 -0.94 -0.85 -0.78 =0.74 -0.68
-2.24 -2.14 -1.,92 -1.72 -1.63 -1.44 -1.37 -1.28 -1.18 -1.09 -1.03 -0.96
-2.74 -2.63 -2.40 -2.19 -2.08 -1.93 -1.68 -1.67 -1.57 -1.46 -1.38 -1.30
-3.24 -3.13 -2.89 -2.68 -2.56 -2.40 -2.15 -2.15 -2.00 -1.89 -1.79 -1.60
-3.74 -3.63 -3.39 -3.18 -3.05 -2.89 -2.63 ~-2.63 -2.47 -2.34 -2.25 -2.05
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Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (em™ 1)

150 300 600 1200 2400
300 0.18 0.33 0.53 0.71 0.84
500 0.08 0.20 0.38 .58 0.75
700 0.049 0.13 0.28 0.48 0.67
900 0.032 0.09 0.22 0.40 0.60
1100 0.022 0.081 0.17 0.34 0.54
1300 0.016 0.05 0.14 0.29 0.49
1500 0.012 0.04 0.11 0.25 0.44
1700 0.0085 0.032 0.091 0.21 0.40
1900 0.0075 0.025 0.078 0.19 0.36
2100 0.006 0.021 0.063 0.16 0.33
2300 0.00489 0.017 0.054 0.14 0.30
2500 0.0041 0.014 0.046 0.12 0.27

(W. Tsang, October 1984)

21,5 CoH + O -+ products

Comments and Recommendations
There are no measurements on this process. By analogy with the reactions O + CyHg and O + CyH3 one

expects a fast reaction with k ~ Iixlf)_Mcmsmnlecule'ls—1 and highly excited products, possibly
CH + CO. The uncertainty is a factor of 3.

(R. F. Hampson, May 1983)

21,6 C,H + OH + CH, + O (a)
= CH, + CO (b)

Comments and Recommendations
In the absence of experimental results we suggest that the important reaction will be

abstraction or addition followed by decomposition proceeding with a near collisional rate
constant of 3x10” lemPmolecute™!

(R. F. Hampson, May 1983)

s™! for each process. The uncertainty is a factor of 10.

21,7 C,H + HOp + CyH, + O,
- HC,0 + OH

Comments and Recommendations

In the absence of experimental results we suggest that the important reactions will be

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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abstraction and addition followed by decomposition proceeding with near collisional rate
constant of 3x10 1lem®molecule™ls™! for each process. The uncertainty is a factor of 10.

(R. F. Hampson, May 1983)

21,10 CupH + CH, - CyHy + CHy

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm3molecule-ls_1 factor
Laufer (1981) 297 (1-6)x1018  He (1.2%0.2)x107 12 1.3
Okabe (1981) 298 k/kref = 0.032
Kpep: CpH + CoH,
Renlund, et al. (1981) 300 2.6x1018 He (4.8+1.0)x107 12
Brown, Laufer (1981) 3x10-lzexp(-250/T) calculated

Comments and Recommendations

The expression given by Brown and Laufer (1981) is recommended. They calculated a
preexponential factor by the bond energy-bond order (BEBO) method and combined this
with the room temperature value of k reported by Laufer (1981) to give this Arrhenius
expression. They also showed that the derived temperature dependence is in good
agreement with that calculated by the bond strength-bond length (BSBL) method of
Bérces and Dombi (1980) but is much less than that calculated by the BEBO method.
Renlund et al.’s higher results probably refer to the reaction of excited states
of CoH. The estimated uncertainty is a factor of 1.3 at room temperature
increasing to a factor of 10 at 2500 X.

(R. F. Hampson, May 1884)
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21,11 C,H + C,Hg = CoH, + C,Hg

Conditions Reaction rate constant, Uncertainty
Refersnce Temp. /K [M]/molecule em™3 k/cmPmolecule g™t factor
Laufer (1981) 297 (0.6-23)x1018 He (6.5¢0.4)x1012 1.3
Brown, Laufer (1981) 6x10712 calculated

Comments and Recommendations
The expression given by Brown and Laufer (1981) is recommended. They calculated a pre-
exponential factor by the bond energy-bond order (BEBO) method and combined this with

the room temperature value of k reported by Laufer (1881) to give the temperature-

independent expression shown. They also showed that the derived temperature independence

is in good agreement with results of calculations by the bond strength-bond length (BSBL)

method of Bérces and Dombi (1980) whereas a strong temperature dependence is calculated

by the BEBO method. The uncertainties are a factor of 1.3 at room temperature and a factor of

3 at 2500 K.
{(R. F. Hampson, May 1984)
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21,14 C,H + CO - C,HCO

Comments and Recommendations

There are no measurements on this system. Since the thermochemistry is also uncertain
we suggest using rate constants that we have estimated for the C,H3 + CO +(M) ~ C,H4CO
reaction, k = 2.leO_laexp(—ZbZO/T)cm3molecule_ls_l4 Note that at higher temperatures
the reaction is reversed. The uncertainty is greater than a factor of 10, Because of

this the pressure dependence has been neglected.

(W. Tsang. May 1983)

1221

J. Phys. Chem. Ref. Data, Voi. 15, No. 3, 1986



1222 W. TSANG AND R. F. HAMPSON

21,15 C,H + HCO ~ C,H, + CO

Comments and Recommendations

In the absence of experimental results we suggest that the important reaction will be dispropor-
tionation proceeding with a near collisional rate constant of 1.0x10 1%cm®molecule™s™! with

an uncertainty of a factor of 3.

(R. F. Hampson, May 1983)

21,16 C,H + CHy + C3H, + H

Comments and Recommendations

Although there are no measurements on this process, the exothermicity of the reaction
(~ 117 kJ mol_l) suggests that this will be the preferred channel under practically
all combustion situations. We estimate the rate constant for the process to be
4x10"Memlmolecule™ls™,  The uncertainty is a factor of 3.

(W. Tsang, May 1983)

21,17 C,H + CyHg = CyH, + CoH, (a)
* C3H3 + CHy (b)

Comments and Recommendations

These reactions have not been studied. We estimate k, = 3x10-12cm3molecule—ls-1, typical
of a disproportionation process and ky ~ 3x10'11cm3molecule'ls_1, a typical

rate constant for radical combination. The exothermicity of process (b) ~ 170 kJ mol'1
should make this the preferred mode of decomposition (rather than stabilization) for all
combustion situations. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

21,18 CyH + CyH, ~ C,H, + H

Comments and Recommendations

In the absence of experimental data, by analogy with the reaction 21,20

CoH + CyH,, we suggest this reaction proceeds by a fast addition process
with k ~ 2x10711 cm3molecule ls™! to give an excited C,Hg adduct which
decomposes to give C4H4 (vinyl acetylene) + H. The uncertainty is a factor
of 3.

(R. F. Hampson, May 1983)
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21,19 C,H + CyHy + C,H, (a)
+ C,Hy + H (b)
+ C,H, + CyH, (c)

Comments and Recommendations
There are no experimental data on this system. Assuming the high pressure combination
rate to be 3x10” lcm®molecule™ls™!, RRKM calculations indicate that k,4p does not
have appreciable pressure dependence. Branching ratios and collision efficiencies are given
in Tables A and B. We suggest the use of a step size down of 450 em™ ! and
1000 cm™! for weak colliders and large polyatomics respectively. On this basis,
we find for Ny:
Log(ky/ky(Ny, 0.1)) = 10718-8576.7665p2021/T)
Log (ky/k,(Ny, 1)) = 10719-0276.23¢xp(1660/T)
Log(ky /ky(Ny, 10)) = 10722-176.93¢xp(1902/T)
For C,H, using a step size down of 1000 em L.
log (ky /Ky (C4H,, 0.1)) = 10718-176-Odaxp(1801/T)
Log (ky /Ky (CuH,, 1)) = 10721-176.72¢xp(2063/T)
Log(ky /K, (CuH,, 10)) = 10721118 Sexpc1747/T)
Over most of the higher temperature range, decomposition is the predominant
mode. We expect an uncertainty of a factor of 2 in the overall rate.
Due to the uncertainties in the bond energies we expect an error of a factor of

3 in the branching ratios.

We assign a disproportionation rate(c) of 1.6x10 12¢cm3molecule™1s™1 with an

uncertainty of a factor of 3.

Table A. Values of branching ratio ky/k,: dependence on concentration and temperature.

log (M) T/K

300 700 1100 1500 1900 2300
16.0 68 72 140 301 658 958
16.5 22 23 45 98 212 308
17.0 6.9 7.7 15 33 70 101
17.5 2.2 2.7 5.4 11.6 24.5 35
18.0 0.72 0.97 2.1 4.5 9.2 13
18.5 0.24 0.36 0.85 1.9 3.8 5.2
19.0 0.075 0.13 0.34 0.80 1.63 2.2
19.5 0.024 0.04 0.13 0.34 0.72 0.99
20.0 0.01 0.01 0.05 0.14 0.30 0.43
20.5 0.02 0.05 0.12 0.18
21.0 0.01 0.02 0.04 0.07
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s a function of downward step size

and temperature.

T/K Step-size (cm_l)

150 300 600 1200 2400
300 0.15 0.32 0.52 0.70 0.83
700 0.04 0.11 0.26 0.45 0.65
1100 0.016 0.052 0.14 0.29 0.49
1500 7.8x1073 0.026 0.076 0.19 0.37
1800 3.9x1073 0.014 0.044 0.12 0.27
2300 2.1x1073 7.5x107°2 0.026 0.076 0.19
(W. Tsang, October 1984)
21,20 CyH + C,H, + CH, + H

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm™3 k/cmmolecule ls1 factor
Lange, Wagner (1975) 320 1.3x1017 ge 5.0x10"11 1.3
Laufer, Bass (1979) 298 (0.6-23)x1018 He (3.120.2)x10711 1.3
Frank, Just (1980) 2300-2700  6x1018 6x10~11 2

Comments and Recommendations

The recommended value is the mean of the two reported direct experimental values of Lange and

Wagner (1975) and Laufer and Bass
completely independent techniques

flow-mass spectrometric technique.

in flash photolysis-kinetic spectroscopy experiments.

are in good agreement.

(1979), i.e. 4x10"11cm3molecule™ls™l. These two results by
Lange and Wagner used the discharge
Laufer and Bass monitored the build-up of butadiyne

Frank and Just (1880) derived

their value by computer modeling of the temporal behavior of H atoms observed by atomic

resonance absorption spectrophotometry following the shock tube decomposition of acetylene.

All results are in good agreement and suggest a fast addition process and decomposition of

excited C,Hj.
(R. F. Hampson, May 1984)
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21,21 CyH + C,H = CuH, (a)
+ CH + H (b)
+ CyH, + Cy (0)

Comment.s and Recommendations

There are no expsrimental results. Step (b) results from the decomposition of vibrationally excited
CyHy. Assuming that the general pattern of behavior for C,H is similar to that for other organic
radicals and on the basis of RRRM calculations we find kg ~ 3x10" MemBmolecule 1571 with
branching ratios on the basis of strong collisions as given in Table A. Collision efficiency

as a function of step size down and temperature can be found in Table BE. It can be

seen that under practically all conditions decomposition is favored. We suggest the use

of a 450 em step size for argonm, N, etc. and a 1000 em™t

step size for larger poly-
atomics. This leads to the following branching ratios at 0.1, 1 and 10 atm of K,

and diacetylene respectively:

log(ky/ka(Ny, 0.1)) = 107161815 535xp(1828/T)
og(ky fka(Ny, 1)) = 10718.0895. 23545 01611/T)
1og (ky /ka(Ny, 10)) = 10726:0875-0gxp(3330/T)

Lo (ky /Ko (CuHy, 0.1)) = 107>%-9675.02xp(1599/T)
Log(ky/k,(C4Hy, 1)) = 10714-747%.6%yp(1418/T)
10g (kp/k,(C4H,, 10)) = 107239274810y (1325 5/1)

The uncertainty in k, 4 is a factor of 2. However, due to the possible error
in the bond strength, the branching ratio is uncertain by a factor of 3. The
disproportionation reaction is thermoneutral and we suggest the use of k., =

3%10" 1%cmPmolecute s with an uncertainty of & factor of 3.

Table A. Values of branching ratio ki /k,: dependence on concentration and temperature.

log[M] T/K

500 900 1300 1700 2100 2500
16.0 127 131 178 214 317 563
17.0 13 13.5 18.8 23 34 60
18.0 1.4 1.7 2.4 3 4.5 7.8
19.0 0.16 .23 0.38 0,48 0.77 1.3
20.0 0.0017 0.0027 0.0055 0.0081 0,015 0.032
21.0 0.0017 0.0027 0.0055 0.0081 0.015 0,032
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Table B. Collision efficiency B, as a function of downward step size

and temperature.
T/K Step-size (em 1)
150 300 600 1200 2400
300 0.15 0.31 0.51 0.70 0.83
500 0.076 0.17 0.36 0.57 0.74
700 0.046 0.12 0.27 0.46 0.66
300 0.029 0.084 0.20 0.38 0.59
1100 0.019 0.06 0.15 0.32 0.52
1300 0.013 0.044 0.12 0.27 0.46
1500 0.01 0.033 0.096 0.22 0.41
1700 7.1x1073 0.026 0.077 0.18 0.37
1900 5.8x1073 0.02 0.062 0.16 0.32
2100 4.5%1073 0.016 0.050 0.13 0.29
2300 3.6x1073 0.012 0.041 0.11 0.25
2500 2.9x1073 0.010 0.034 0.097 0.23
(W. Tsang, October 1984)
22,1 CH3CO + M =+ CHy + CO + M
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M) /molecule cm™3 k/cm3molecule 1571 factor
Anastasi, Maw (1982) 323 2.2x1019 co k = 24,5871 1.3
343 (0.3-2.1)x101® co ko = 1865”1
k, = 3.1x107%7
Watkins, Word (1974)  260-413  (1.8-8)x1019 ko = 1.6x101%exp(-8660/T)s™ 1 1.3
SFg, CO, azomgthane
Frey, Vinall (1973) 325.7 10x1017 methyl t-butyl k =k,opl/2/D s71  where 2
ketone, added N, D = 3.97x1011/ M) + 3.2x1077
Keomp = K(2CHZCO = (CH5C0)5)
Szirovicza, Walsh 507 (7-130)x10%7 cHyco, HI k = kyp/D s} where 5
(1974) D = 7.41x10°/(M} + 7.26x10717
kgp= k(CH,CO + HI ~ CH,CHO + I)
Kerr, Calvert (1965) 338 (1.2-2.9)x1018 co, k = kyot/2/D s7!  where 2
azomethane, neopentane D = 3.9x1011/[M] + 0.84x10_7
0’Neal, Benson (1962) 508-568  (3-21)x1017 acetone, HI k = 1/(1/kyIM] + 1/k(=)) s™1 5

k, = 5x10"exp(-6042/T)

ko = 2x1010exp(-7552/T)s 7L

Comments and Recommendations

All experiments are in the fall-off region and except for the results of Anastasi and Maw

and Watkins and Word are close to the bimolecular limit.

all the early experimental results are ratios of rates.

Due to the instability of CH5CO

Even after taking into account

possible uncertainties it is not possible to resolve all the data. The experiments
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divide into two sets, the lower temperature numbers in the 300-400 K range and the higher
temperature numbers in the 500-570 K range. We suggest a second order rate expression

of the form: k, = 103'95T_3'37exp(-QSOB/T)cmamoleculeﬁls'l. Corrections for second
order behavior and collisional efficiencies can be found in Tables A and B.

The results of Anastasi and Maw are commensurate with a downward step size of 300 em™ !
for CO as the third body. We suggest the use of a similar value for N2 and Argon near

1

room temperature. For temperatures >500 K a value of 450 cm * may be more appropriate.

For large polyatomics a step size downward of the order of 1000-2000 em ! should be
used. We estimate an uncertainty of a factor of 3.

Our results reproduce the lower temperature data on the basis of k(ZCHBCO -
(CH;CO) ) ~ 2x10 " emdmolecule 1s™) and are a factor of ~10 and ~25 larger

than the measurements of O’Neal and Benson and those of Szirovicza and Walsh
respectively with k(CH3CO + HI - CH3CHO + I) as a basis. Using the high temper-
ature data as a basis and adjusting the reaction threshold would yield large

errors for the lower temperature studies unless acetyl radical combination should
be a factor of 1000 slower.

The recommended expression for NZ (450 em™ 1

k(N,, 0) = 1038:16778.62505(_11284/T)

step size down) at the low pressure limit is:

The correction factors for 1 and 10 atm are:
log(k(N,, 1)/k(N,,0)) = -0.536 + 8.681x107“T - 3.351x107 /12
log(k(Np, 10)/k(N,, 0)) = -1.55 + 2.351x107°T - 8.685%x10 /T2
For larger polyatomics as a third body, with an assumed step size down of 1500 cm-1
the low pressure limiting rate expression is:
K(CH3C0, 0) = 101395777 38exp(-11061/T)
The correction factors for 1 and 10 atm are:
log(k(CHyC0, 1)/k(poly, 0)) = -0.672 + 1.003x107°T - 3.662x107 /12
Log(KCH,CO, 10)/k(poly, 0)) = -17.727 + 2.335x107°T - 7.854x107/12

We estimate the uncertainty at a factor of 2.

Table A. Values of log(k/k,): dependence on concentration and temperature.
log(M] T/K
300 500 700 900 1100 1300 1500 1700 1800 2100 2300 2500

17.0 -0.01 ~0.01 -0.01

17.5 -0.03 -0.02 -0.02 -0.01 -0.01 -0.01

18.0 -0.08 -0.06 -0.05 -0.04 -0.03 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01

18.5 -0.18 -0.14 -0.12 -0.09 -0.07 -0.06 -0.04 -0.03 -0.02 -0.02 -0.01 -0.01
19.0 -0,37 -0.29 -0.24 -0.19 -0.15 -0.12 -0.09 ~-0.07 -0.05 -0.04 -0.03 -0.02
19.5 -0.65 -0.53 -0.42 -0.34 -0.27 ~-0.21 -0.17 -0.13 -0.10 -0.08 -0.06 -0.05
20.0 -1.03 -0.84 -0.869 -0.56 -0.46 -0.37 -0.28 -0.23 -0.18 -0.15 -0.12 -0.10
20.5 -1.47 -1.25 -1.04 -0.86 -0.72 -0.59 -0.47 -0.40 -0.33 -0.27 -0.22 -0.18
21.0 -1.94 -1.70 -1.46 -1.25 -1.06 -0.90 -0.75 -0.64 -0.54 -0.47 -0.40 -0.34
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Table B. Collision efficiency Bc as a function of downward step size

and temperature.

T/K Step-size (em™ 1)

150 . 300 600 1200 2400
300 0.13 0.28 0.48 0.67 0.81
500 5.2x1072 0.14 0.29 0.48 0.68
700 2.3x1072 0.07 0.17 0.35 0.55
900 1.1x1072 3.5%1072 0.10 0.23 0.42
1100 5.1x1072 1.8x1072 0.08 0.15 0.30
1300 2.4x1073 8.8x1073 3x1072 8.6x1072% 0.20
1500 1.1x1073 4.3x1078 1.5%1072 4.8x1072 0.13
1700 5.4x107% 2.0x1073 7.5x1072 2.5x1072 7.6x1072
1900 2.5x1074 9.6x10™% 3.6x1072 1.3x1072 4.1x1072
2100 1.1x1074 4.4x107% 1.7x10738 6.3x1073 2.2x1072
2300 5.2x1077 2.0x1074 7.9x1074 3.0x1073 1.1x1072
2500 " 2.4x107° 9.4x1073 3.7x1074 1.4x1078 5.2x107°

(W. Tsang, October 1984)
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22,2 CH,CO + Hy -+ CH3CHO + B

log K, = -1.25014 - 3212.09/T - 7137/72 + 0.25841x107/T°

Comments and Recommendations

Since there are no data on these reactions we have taken note of the fact that the reaction
rates of H + HCHO and rates of H + CH3CHO at room temperature differ by roughly a factor

of 2 arising from the number of H-atoms available for abstraction. Using (1/2)k(HCHO + H) =
1.82x10-15T1'77exp(-1510/T)cm3molecule—1s_1 [12,4] and the equilibrium constant, we derive
K(CHyCO + Hy ~ CHiCHO + H) = 6.8x107 2812 -82¢xp(-8862/T)om’molecule™*s™1.  The uncertainty
is a factor of 3.

(W. Tsang, May 1983)

22,3 CH4CO + O, - CHyCO,

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule om ° k/cm®molecule 1571 factor

K/K(CHALO =+ CHa + CU):

Hoare, Whytock (1967) 373 2.6x1018 1.5x1071% cmPmolecule™? 5
423 (2.3-23)x10%7 1.2x10716 cmmolecule™?
k = 3x10713
McDade, et al. (1982) 298 (3-13)x1018  He k = 3x10712 3

Comments and Recommendations

The recent results of McDade et al. in which the acetyl radical decay was monitored by
photoionization mass spectrometry are the only direct measurements of this rate constant.
The rate constant did not depend on total pressure over the limited range 1 to 4 torr.
Acetyl peroxy radicals were observed in absorption by Hunziker and Wendt when acetyl
radicals were generated in the'presence of O2 at 1 atmosphere NZ. The earlier

results of Hoare and Whytock were based on competition between this reaction and
decomposition of the acetyl radical which is in the pressure dependent falloff region.
It is surprising, therefore, that no pressure effect on k/k(CH5;CO - CH,y + CO)

was observed unless the reaction with O, is also pressure dependent. The newer,
direct results of McDade et al. are preferred, but with an uncertainty of a factor

of two. Under combustion conditions the reverse reaction will predominate.

(R. F. Hampson, May 1983)
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22,4 CHZCO + H » CH,CO + Hy (a)
I Cﬂa + CHO (b)

Comments and Recommendations

In the absence of experimental data, we assume the process will be analogous to that for

the reaction CoHg + H where recombination followed by decomposition of the hot adduct

with a close to collisional rate constant is dominant, therefore kb=1.leo'locm3molecule—ls_l.

On a similar basis we expect k, ~ 3x10"12cm3molecule™ls™1. The estimated uncertainies are factors
of 3.

(W. Tsang, May 1983)

22,5 CH3CO + O » CHy + CO,

Ci its and Recc dations

There are no direct measurements on this process. By analogy with other O atom reactions
with alkyl radicals, it should be fast, k ~ 1.6x10 +lcm®molecule 1s™! and should proceed
by an addition mechanism followed by decomposition of the hot adduct. The estimated

uncertainty is a factoxr uf 3.

(W. Tsang, May 1983)

22,6 CHyCO + OH - CH,CO + Hy0 (a)
-+ cHycoont » cHy + co + 0B (b)

Ci ts and R dations

In the absence of direct measurements we estimate that the main reaction will be addition (b)
followed by decomposition with an estimated rate constant of kb = 5x10'1lcm3molecul.e_1s_1.
The abstraction reaction (a) will be somewhat slower k, = 2x10711,  The uncertainties are
factors of 3.

(W. Tsang, May 1983)

22,7 CH4CO + HO, ~ CHy + CO, + OH

Cc ts and R dations

In the absence of information on this process, we postulate that abstraction

will be slow in comparison to combination. The latter will result in .the formation
of a hot adduct which will rapidly decompose. The rate constant will be close to
collisional ~ 5x_10_11cm3molecula-ls_1‘ The uncertainty is a factor of 3.

(W. Tsang, May 1983)

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY

22,8 CH3CO + Hy0p —+ CE3CHO + HO,

log Kp = -1.05204 + 859.41/T - 110330.5/'1'2 + 1.20225x2|.07/'.[‘3

Comments and Recommendat.ions

There are no experimental results on this reaction. The rates of HO, attack on
aldehydic hydrogen are, however, remarkably similar (A. C. Lloyd, Int. J.

Chem. Kinet. §, 168 (1974)). We have accordingly used the rate expression

for HOZ + HCHO and derived the rate for the reverse process. This leads to

k = 3x10_13exp(—4140/T)cm3molecule'1s—1 with an uncertainty factor of 5.

(W. Tsang, May 1883)

22,10 CH4CO + CH, - CH3CHO + CHy

log K, = 0.25098 - 3399.19/T - 40778/T2 + 0.96779x107 /T3

Comments and Recommendations

There are no direct measurements. However, from the reverse reaction [reviewed in
Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetic Data on Gas Phase Hydrogen
Transfer Reactions of Methyl Radicals," (Butterworth, London, 1976)] pg. 151, and
the equilibrium constant one obtains k = 3.6x10_21T2'aasxp("10800/'1')cmamolecule'ls_l.
The uncertainty is a factor of 5.

(W. Tsang, May 1983)

22,11 CH3CO + CyHg + CpHg + CHyCHO

log K, = 0.56723 - 2377.22/T - 45843/T2 + 0.74821x107 /73

Comments and Recommendations

In the absence of direct measurements we have used the rate expression for

C2H5 + HZCO, divided by 2 to take into account the reaction degeneracy, and

from the equilibrium constant cbtained k = 3x10_20T2'75exp(-BBZO/T)cmSmolecule_ls-l.
The uncertainty is a factor of 5.

(W. Tsang, May 1983)

22,12 CH4CO + BCHO - CH,CHO + CHO

Comments and Recommendations

There are no direct experimental results. On the basis of analogous systems we estimate
k = 3x10'135xp(-6500/T)cm3molecule'1s'1 with an uncertainty of a factor of 10.

(W. Tsang, May 1983)
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HEAS R0 4 B0 o (U0 4 00 (a)
» CHRCOCHO (b)

C ts and R dations

There are no direcf. measurements on this process. We assume that process (a)
(disproportionation) will be similar to the HCO + HCO - H,CO + CO reaction

and thus assign a rate constant of 1/2 this value, k, = 1.5x10" Menlmolecule 15T,

The combination process is assigned a rate constant of k, = 3210 emSmolecule™ls ™1,
Uncertainties are factors of 3.

(W. Tsang, May 1983)

22,16 CHyCO + CHy ~ CHyCOCHg

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™ 3 k/cm®molecule s~ factor
Anastasi, Maw (1982)  263-343  (0.3-2.1)x1019 co 4x10711 1.5
Parkes (1981) 298 2.1x1019 co 7x10711 1.5
Adachi, et al. (1981) 298 4.8x1018 acetone 1.4x10710
Adachi, et al. (1978) 298 4.8x10® acetone 1.3x10710 2

Comments and Recommendations
We have used the data of Parkes and an estimated A-factor of the reverse reaction of
5%x1016 571 at 1100 K and the equilibrium constant to derive k = 7x10”11¢300/7) % 8cmPmolecule st
The pressure and temperature dependences for strong colliders are given in Table A. Collision efficiency
as a function of temperature and step size can be found in Table B. Unfortunately, there are
no direct measurements at combustion temperatures. We suggest the use of 200-400 cm’l downward
step sizes for Ar and N, and 1000-2000 cm'l for strong colliders. Adachi et al. also report
the displacement process CHy + COCHy ~» CoHg + CO with a rate constant 387 of that for
combination. Further verification is needed. For N, and acetone at 0.1, 1, and 10 atm,
the following correction should be used:
log(k(Ny,0.1)/ko) = 0.458 + 2.135x1075T - 2,497x107 572 + 3 9sax107 1073
log(k(Ny, 1)/k®@) = -0.444 + 1.802x1075T - 1.712x107572 + 1,925x107 1013
log(k(Ny, 10)/k®) = =0.272 + 9.596x107“T - 6.801x107/T2 - 3.984x10” 1113
where we have used a step size down of 350 om™t and:
Log(k(CHzCOCHz,0.1)/k@) = -0.406 + 1.731x107°T - 1.765x107%12 + 2. 197x1071013
Llog(k(CH,COCHy, 1)/ke) = -0.287 + 1.060x107 3T - 8.363x107 /T2 + 4.144x10” 1273
Log (k(CH,COCH3, 10)/k®) = -0.088 + 2.211x107%T + 4.2523x107812 - 1.721x1071013

where we Lave used a step size down of 1000 cm_l, The uncertainty is a factor of 3.
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Table A. Values of log(k/k,): dependence on concentration and temperature.
log([M] T/K

500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.0 -0.05 -0.21 ~-0.46 =-0.76 -1.08 -1.44 -1.79 -2.14 -2.48 -2.81 -3.10
18.5 -0.02 -06.12 -0.29 -0.53 -0.81 -1.11 =-1.44 -1.76 -2.07 -2.38 -2.67
17.0 -0.01 -0.06 ~-0.17 -0.35 =-0.57 =-0.84 ~-1.12 -1.41 -1.70 -1.98 -2.24
17.5 -0.03 -0.08 -0.21 -0.38 -0.60 -0.83 -1.09 -1.34 ~-1.60 -1.84
18.0 -0.01 =-0.04 -0.11 -0.23 -0.40 -0.58 -0.80 -1.02 ~-1.24 -1.486
18.5 -0.02 -0.06 -0.13 -0.25 -0.38 -0.56 -0.74 -0.83 -1.11
18.0 -0.01 -0.02 -0.06 -0.14 -0.24 -0.36 ~-0.50 -0.65 -0.80
19.5 -0.01 -0.027 -0.07 -0.13 -0.21 -0.31 -0.,42 -0.53
20.0 -0.01 -0.03 -0.06 -0.11 -0.17 -0.24 -0.32
20.5 -0.01 -0.03 -0.05 =-0.08 -0.12 -0.17
21.0 -0.01 -0.02 -0.03 -0.05 -0.08

Table B. Collision efficiency B, as a function of downward step size.

T/K Step-size (cm 1)
150 300 600 1200 2400

700 3.3x1072 9.5x1072 0.22 0.41 0.61

900 1.8x1072 5.7x1072 0.15 0.31 0.51
1100 1.1x1072 3.4x1072 9.9x107% 0.23 0.42
1300 6.7x1073 2.2x1072 6.5%1072 0.17 0.34
1500 3.7x1073 1.3x1072 4.3%1072 0.12 0.26
1700 2.2x1078 8x1073 2.7x1072 7.9x1072 0.19
1900 1.2x1073 4.8x107° 1.7x1072 5.3x1072 0.14
2100 7.3x107% 2.8x107° 1x1072 3.3x1072 9.5x1072
2300 4.1x107% 1.6x1073 5.8x1073 2x1072 6.2x1072
2500 2.2x107% 8.5x107% 3.2x1073 1.2x1072 3.8x1072

(W. Tsang, October 1884)
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22,17 CH4CO + CoHg -+ CoHSCOCHy

C ts and R dations

In the absence of experimental results we suggest a rate constant expression similar to
that for CHyCO + CHy  CHyCOCH5, k = 3x10711(300/1)1/2enmoLecule™ s ™! with an
uncertainty of a factor of 3.

(W. Tsang, May 1883)

22,19 CHZCO + CyHz - CHy + CyH;00

Ci ts and R dations

In the absence of expsrimental data we assume that the primary reaction mechanism will
be that of addition followed by decomposition of the hot adduct. The rate constant will
be close to collisional ~ 3x10” lcm®molecule”ls™! with an uncertainty of a factor of 3.

(W. Tsang, May 1983)

22,21 CBLCO + C,H = C,HCO + CHy

C t dations

and R

In the absence of experimental results we suggest that the important reaction will be
addition followed by decomposition of the hot adduct. The rate constant will be close to
collisional ~ 3x10 1lcm®molecule™ls™! with an uncertainty of a factor of 3.

(W. Tsang, May 1983)

22,22 CH,CO + CHyCO - CHyCOCOCH,

Conditions Reaction rate constant,- Uncertainty
Refersnce Tomp. /K [M} /molocule om™ 3 k/cmImolecule”1g71 faotor
Anastasi, Maw (1982)  263-343  (0.3-3)x101° 0.9-1.3x10711 1.5
Parkes (1981) 208 (0.3-2.5)x1019 3x10711 1.5
Adachi, et al. (1978) 298 0.2x1018 7.5x10711 2
Szirovicza, Walsh 507 (7-130)x10%7 CH,CO, HI ax10713 2
(1974)
Benson, O'Neal (1970) 508-568  (3-21)x1017 acetone, HI sx10713 large

C ts and Rec dations

All of the direct measurements favor the high rates that are characteristic of radical
combination, We suggest k = 2x10 1lcm®molecule ls™! with an uncertainty factor of 2.

(W. Tsang, May 1983)
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23,1 CH0, (44) = CHy + 0, (1)

C ts and R dations

There have not been any direct measurements on this process.

We have used low temperature measurement for the reverse process

(see 16,3) and thermodynamics to derive the bimolecular rate expression

K(CHgOp + M = CHy + 0, + M) = 1012-0075.44exp(-15257/T)em’molecule™ s ™

assuming strong collisions. The enthalpies are, however, uncertain to 20 kJ mol™l and
we have assumed that the reverse process has no activation energy. Actually, the
entire process is in the intermediate pressure region. Table A defines the

departure from the bimolecular region. Collision efficiency as a function of

step size and temperature can be found in Table B. Assuming that step size down

for Ny is 450 em™! and for a polyatomic such as CH30, is 1000 em™! we find the

limiting low pressure rate expressions to be:

k(N,, 0) = 1023-17710.02¢55(-18731/T)
k(CHgO,, 0) = 1023-65178-38oxp(-16604/T)

Rate expressions for the pressure dependence are as follows:
log(k/ky(Ny, 0.1)) = -1.313 + 2.496x1073T - 1.508x107672 + 2.901x1072073
log(k/k,(N,, 1)) = -2.542 + 4.597x10°3T - 2.689x10"512 + 5.062x107 1073
log(k/k,(Ny, 10)) = -3.997 + 6.569x107°T - 3.603x107°12 + 6.485x10 10713
and for colliders similar to CH30;:
log(k/ky(CH0,,0.1)) = -1.692 + 3.088x10°T - 1.816x107612 + 3.434x1071073
Log(k/k,(CHz0,, 1)) = -3.000 + 5.0826x10°°T - 2.853x107612 + 5.233x1071013

log(k/k, (CHyOp, 10)) = -4.3722 + 6.427x10°°T - 3.237x107812 + 5.480x107 2073

The uncertainty is a factor of 6.
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Table A. Values of log(k/k,): dependence on concentration and temperature.
log[M] T/K

300 500 700 800 1100 1300 1500 1700 1800 2100 2300 2500
16.0 -0.13 -0.08 -0.05 ~-0.03 -0.02 -0.02 -0.01 -0.01 ~0.01
16.5 —0.21 -0.13 -0.08 -0.06 -0.04 -0.03 ‘-0.02 =-0.02 -0.01 -0.01 -0.01
17.0 -0.33 -0.21 =0.14 -0.10 -0.07 -0.05 -0.04 -0.03 -0.02 -0.02 -0.01 -0.01
17.5 -0.50 -0.32 -0.22 -0.16 =-0.12 -0.09 =-0.07 =-0.05 -0.04 -0.03 -0.02 -0.02
18.0 ~0.74 -0.49 -0.35 ~0.26 -0.19 -0.15 -0.11 =-0.09 -0.07 -0.05 -0.04 -0.03
18.5 -1.05 -0.72 -0.583 -0.40 -0.31 -0.24 -~0.18 -0.14 -0.11 -0.08 -0.07 -0.05
18.0 -1l.44 -1.05 -0.78 -0.60 -0.48 -0.37 =-0.30 -0.24 -0.18 -0.14 -0.12 ~0.09
18.5 -1.88 -l1.42 -1.11 -0.88 -0.71 -0.57 =0.46 -0.37 -0.31 ~0.24 -0.20 ~0.16
20.0 -2.36 -1.86 -1.51 ~1.24 -1.02 -0.85 ~-0.70 -0.58 -0.48 -0.40 -0.33 -0.29
20.5 -2.85 -2.33 -1.96 -~1.66 -1.41 -1.20 -1.02 -0.87 -0.74 -0.64 -0.55 -0.47
21.0 -3.35 ~2.83 -2.44 ~2.12 =-1.85 -1.62 -1.42 -1.25 -1.10 -0.97 -0.86 -0.77
Table B. Collision efficiency B, as a function of downward step size

and temperature.
/K Step-size (cm™l)
150 300 600 1200 2400

300 0.14 0.29 0.49 0.68 0.82
500 0.056 0.15 0.31 0.51 0.69
700 0.028 0.081 0.20 0.38 0.58
800 0.014 0.045 0.12 0.27 0.47
1100 7.8x1073 0.026 0.078 0.19 0.36
1300 4.3%107° 0.015 0.047 0.13 0.28
1500 2.3x107°% 8.5x1073 0.028 0.083 0.20
1700 1.3::10-3 4 7x1073 0.017 0.052 0.14
1900 6.9x10™% 2.6x10°° 9.5x10 2 0.032 0.091
2100 3.7x107% 1.4x107% 5.3%1073 0.018 0.057
2300 2.0x1074 7.7x107% 2.9x1073 0.010 0.035
2500 . e.3x107% 3.0x107" 1.4x1207°3 5.2x1073 0.018

(W. Tsang, October 1984)
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23,2 CH30, + Hy + CH30,H + H

Coamments and Recommendations

There are no direct measurements. We suggest a rate constant expression
similar to k(HO, + Hy) = 5x1071lexp(-13100/T)cm’molecule™s™2. This is
however only an order of magnitude estimate.

(W. Tsang, May 1983)

23,4 CHy0, + H - CHy0 + OH (a)
-+ CH,0 + Hy0 (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm o k/cmomolecule 1s™1 factor
Slemr, Warneck (1877) 250-300  1x10%7 kylky ~ 5

Comment.s and Recommendations

The results of Slemr and Warneck are the only measurements on this system. The

products can only be rationalized through formation of a hot adduct. However, the

existing date on the methyl hydroperoxide decomposition reaction (Kirk, Can. J. Chem. 43,

2236 (1965)) do not appear to suggest the importance of (b). We believe that

there are surface components in the measurement of Slemr and Warneck. It is

suggested that a rate constant close to collisional be used for k, ~ 1.6x10"0cmPmotecuie s ™2,
ky, is unimportant. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

References

Slemr, F., and Warneck, P., "Kinetics of the Reaction of Atomic Hydrogen

with Methyl Hydroperoxide,™ Int. J. Chem. Kinet. 9, 267 (1977)

23,5 CHz0, + O = CHZ0 + O,

Conments and Recommendations
There are no measurements on this process. Since this is a very exothermic process
and the 0-00 bond is very weak an appropriate rate constant will be near collisional

~ 6x10" M em®molecule s with an uncertainty of about a factor of 3.
{W. Tsang, May 1983)
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23,6 CHy0, + OH - CHO0H + O,

C ts and R dations

There are no experimental measurements. By analogy with the reaction of HO, + OH we
suggest a collisional rate constant k ~ 1x10"10m3molecule s with an uncertainty
of a factor of 5.

(W. Tsang, May 1983)

23,7 CBy0, + HOp = CH30,H + 0,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm™ 3 k/emmolecule™1s™1 factor
CODATA (1984) eval. 274-338 7.7x10" 14 exp(1300/T) 5

Ci ts and R dations

The CODATA recommendation is based on the work of Cox and Tyndall (J. Chem. Soc.,
Faraday Trans. II 76, 153 (1980)). Presumably the process is analogous to the HO,
self-reaction. The negative activation energy is indicative of an excited reactive
intermediate. Extension of the rate expression to high temperatures and different
pressures may lead to very different numbers.

(W. Tsang, May 1983)

References

CODATA(1984), Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

23,8 CH30, + B0, + CH3O0H + HO,

Comments and Recommendations

There are no direct measurements on this system. On the basis of analogous systems we estimate

k ~ laxJ.()-]'zex;:\(‘5000I'l')c\'namolec:ule-]‘s-:l with an uncertainty of a factor of 10.
(W. Tsang, May 1983)
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23,10 CH40, + CH, = CH500H + CHy

C ts and R dations

There are no direct measurements. It should be similar to HQ, + CH, - Cﬁa + B0y
for which we have estimated k ~ 3x10-139xp(-9300[T)cm3molecula_1s_1. The rate
constant will have an uncertainty of a factor of 10.

(W. Tsang, May 1983)

23,11 CHy0, + CyHg = CH30,8 + CyHs

C ts and R dations

There are no direct determinations. We recommend Walker’s value for the analogous reaction (11,7) of
k(HO, + CpHg + CoHg + Hy05) = 4.Qxlo'laexp(-7520/T)cm3molecule'ls'1. The uncertainty is

a factor of 10.

{W. Tsang, May 1983)

23,12 CH30, + HCHO = CHyO,H + CHO

C ts and R dations

There are no direct measurements. By analogy with the HCHU + HOZ d HZUZ + CHO (12,7)
process we recommend k ~ 3.3x10'12exp(—5870/'1‘)cmamolacule_ls'l. The uncertainty
is a factor of 10.

(W. Tsang, May 1983)

23,15 CHy0, + BCO » CHy0 + H + CO,

C ts and R dations

In the absence of any direct measurements we estimate the rate constant as close to
collisional k ~ 5x10 1lem3molecule™ls™1 with products that would be expected from
decomposition of a hot adduct. The uncertainty is a factor of 3.

(W. Tsang, May 1983)
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23,16 CHy0, + CHy =+ 2CH0

C ts and R dations

There are no direct measurements on this reaction, One expects a fast addition process with
k ~ 4x10"lcmPmolecule ts™1 followed by decomposition of the hot adduct. The uncertainty is
a factor of 3.

(W. Tsang, May 1983)

23,17 CHg0, + CgHg - CH30 + CpHs0

C ts and R dations

There are no direct measurements on this system. One expects a fast addition process

with k ~ 4x10"1lem®molecule™1s™1 followed by decomposition of the hot adduct, with an uncertainty
of a factor of 3.

(W. Tsaeng, May 1983)

23,19 CHy0, + CyHiy = CH0 + CpH0

Ci ts and R dations

In the absence of any experiments we expect th;t the mechanism will involve a fast
combination process followed by decomposition of the hot adduct with a rate constant
close to collisional k ~ 4 x 10 1 cm3molecule™1s™1, Uncertainty is a factor of 3,
(W. Tsang, May 1983)

23,21 CH0, + C,H + CHy0 + HC,0

Comments and Recommendations

In the absence of experimental results we suggest that the important reaction will be
addition followed by decomposition of the hot adduct. The rate will be close to
collisional, k ~ 4x10 1lcm®molecule ls ! with an uncertainty of a factor of 3.

The stability of the HC=C-O product is uncertain. If it decomposes, very reactive
products may be formed.

(W. Tsang, May 1983)
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23,22 CHy0, + CHyCO - CHy + CO, + CH30

Comments and Recommendat.ions

In the absence of experimental results we suggest that the main process will be combination at
a near collisional rate of k ~ 4x10”!lcm®molecule™1s™! followed by rapid decomposition of the
adduct. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

23,23 2CH;0, - 2CH40 + 0, (&)
= CHL0H + CH,0 + 0, (b)
-+ CH30,CH3 + Oy (c)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/em®molecule s~ factor
CODATA (1984) evaln. 298 ko = 1.3x10713 2
ky = 2.1x10713 2
k, < 3x10714
Kirsch, Parkes (1981) 298-373  2.5x101° 0,
333 K /ky, = 0.85 2
373 ko/ky = 1.3 2

Cc ts and R dations

All rate constant measurements are near room temperature. In the absence of eny other information
the CODATA recommended rates should be used. However, the possibility of a temperature
dependence introduces the possibility of larger uncertainties at higher temperatures.

(W. Tsang, May 1983)

References

CODATA(1984). Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

Kirsch, L. J., and Parkes, D. A., "Recombination of Tertiary Butyl Peroxy
Radicals," J. Chem. Soc., Faraday Trams. I 77, 293 (1981)

dJ. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1242

24,1 CH30 +M-> HCHO + H+ M
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Ci

ts and R

ions

There are no direct measurements on this reaction.
877 (1879)) has suggested the high pressure unimolecular rate expression
1014 2exp(~13800/T)s™1.

reaction under practically all conditions is in the 2nd order region. On a strong

L. Batt (Int. J. Chem. Kinet. 11,

We have carried out RRKM calculations on this basis.

The

collision basis the rate expression is k, = 102'5(1/T)2'7exp(-15400/T)cm3molecule_ls'1

The small corrections to take into account deviation from bimolecular behavior

can be found in Table A. Collision efficiency as a function of step size down

and temperature can be found in Table B.

We suggest the use of 450 cm”

for Argon and N, and 1000 cm'l for larger polyatomics. This leads to:

which for all practical purposes are applicable to conditions in the 0.1 to 10 atm range.

The uncertainty is a factor of 4.

k(N,, 0) = 1033.81776.65y5(-16740/T) and
k(CHy0, 0) = 1012-71776.120p(-16660/T)

1

Table A. Values of log(k/k®): dependence on concentration and temperature.
1ogM] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
8.0 -0.01 -0.01 -0.01 =-0.01 -0.0% =-0.01 -0.01 =-0.01 ~0.01
18.0 -0.08 -0.09 -0.08 ~-0.07 -0.07 =-0.06 =0.05 -0.05 ~-0.04 ~-0.04 =-0.04 =-0.03
20.0 -0.48 -0.46 =-0.43 -0.34 -0.34 -0.30 -0.26 -0.24 -0.20 =-0.18 =-0.16 ~-0.14
21.0 -1.30 -1.24 -1.13 -0.92 -0.90 -0.80 -0.70 -0.63 ~0.56 ~-0.49 =-0.44 =0.38
Table B. Collision efficiency B, as a function of downward step size

and temperature.
T/K Step-size (cm 1)
150 300 800 1200 2400

300 0.15 0.31 0.51 0.70 0.83
500 0.067 0.17 0.34 Q. 54 a.72
700 0.035 0.10 0.23 0.42 0.62
900 0.020 0.061 0.16 0.32 0.53
1100 0.012 0.031 0.11 0.24 0.44
1300 7.4x1073 0.025 0.075 0.19 0.36
1500 4.7x1073 0.017 0.052 0.14 0.29
1700 3.1x1073 0.011 0.036 0.10 0.23
1900 2.0x1073 7.3x1072 0.025 0.074 0.18
2100 1.3x1073 4,9x1073 0.017 0.054 0.14
2300 8.7x1073 3.3x1073 0.012 0.038 0.11
2500 5.8x1073 2.2x1073 8x1073 0.027 0.08

(W. Tsang, May

1883)
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24,3 CHg0 + O, = HCHO + HO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K M) /molecule cm 3 k/cm®molecule 1s71 factor
CODATA (1984) evaln. 298-630 1.1x10" Bexp(-1310/T) 5
208 1.3x10713
NASA (1985) evaln. 200-300 8.4x10" Yexp(-1200/T)
298 1.5x10715

Ci ts and R dations

The CODATA(1984) recommended value is accepted. It is based on the recent results of
Gutman et al. (1882) over the temperature range 413 to 608 K. The room temperature value
is very uncertain as is the value of E/R (500 X).

(R. F. Hampson, May 1983)

References

CODATA(1984)., Evaluated Kinetic and Photochemical Data for Atmospheric Chemistry:
Supplement II. CODATA Task Group on Gas Phase Chemical Kinetics, J. Phys.
Chem. Ref. Data 13, 1259 (1984)

Gutman, D., and Sanders, N., and Butler, J. E., "Kinetics of the Reactions of Methoxy
and Ethoxy Radicals with Oxygen," J. Phys. Chem. 86, 66 (1982)

NASA(1985). Chemical Kinetics and Photochemical Data for Use in Stratospheric

Modeling. Evaluation No. 7, NASA Panel for Data Evaluation, JPL Publication
85-37 July 1985

24,4 CH40 + H -+ HCHO + H,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm®molecule™ls™1 factor
Hoyermann, et al. 300 3x1016 3.3x10711 3

(1881)

Comments and Recommendations

This reaction was studied in a fast flow reactor, using mass spectrometric
detection of isotopically labelled species. Its rate was determined relative

to that for the reaction CyHg + H = products. It was also shown that

the direct abstraction reaction accounts for 75% of the total reaction with about

252 proceeding by complex formation to give an excited CHaOH. Uncertainty is a
factor of 3.

(R. F. Hampson, May 1983)

References

Hoyermann, K., Loftfield, N. S., Sievert, R., and Wagner, H. Gg., "Mechanisms and
Rates of the Reactions of cnso and CBZOH Radicals with H Atoms,"”
Symp. Combust. 18, (Combustion Institute, Pittsburgh, Pa., 1981) 831
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24,5 CHO0 + O - CH,0 + OH

Comments and Recommendations

In the absence of any experimental data it is likely that this highly exothermic reaction

(335 kJ mol™1) proceeds at a rapid rate with k ~ 1 x 10 12em3molecule™s™1 and an
uncertainty factor of 5.

(R. F. Hampson, May 1983)

24,6 CHZ0 + OH - CH,0 + B,0

Comments and Recommendations

In the absence of any experimental data, it is likely that this highly exothermic reaction

(405 kJ mol—l) proceeds at a rapid rate with k ~ 3x10 emPmolecule™ls ™1 and an
uncertainty factor of 5.

(R. F. Hampson, May 1983)

24,7 CHZ0 + HO, -+ CH,0 + Hy0,

C ts and R dations

In the absence of any experimental data we suggest using the rate for the analogous
zeastion 24,23 CH3O + CH3O, -~ CHZO + CH3OOH for which the preferred value

k = 5x10"13cmBmolecule™ls™! was given with an uncertainty of a factor of 10.

(R. F. Hampson, May 1983)

24,10 CH,0 + CH, - CH,OH + CH,

Conditions Reaction rate constant, . Uncertainty
Reference Temp. /K [M]/molecule om 3 k/cm®molecule” 1571 factor
log K, = 1.26812 - 118.655/T - 69988/T% + 1.35384x107/T°
Shaw, . Thynne (1966) 455 1.5x10717 10
Cc ts end R dations

The value given here is based on the results of Shaw and Thynne and is a factor
of 3 higher than their published value due to the use of more recent thermo-
dynamic data in converting the measured value of the reverse rate constant. A
calculation using the BSBL technique give E, 4 = 37 kJ mol—l which when
combined with this rate constant value, gives the Arrhenius expression
2.6x10-1aexp(—4450/T)cm3molecule-ls'l. Uncertainty is a factor of 3.

(R. F. Hampson, May 1983)
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References

Shaw, R., and Thynne, J. C. J., "Hydrogen and Deuterium Atom Abstraction from
Methanol and Trideuteromethanol. Reaction of Methoxy Radical with Methane,"
Trans. Faraday Soc. 62, 104 (1966)

24,11 CH30 + C,Hg ~+ CH0H + CyHg

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule em™3 k/<:m3mo].ecule":I‘s.:L factor
Gray, et al. (1967) 4x10” L3exp(-3570/T) 3

review

Comments and Recommendations

This value appears reasonable when compared with the expression derived for
CH30 + CH, (24,10). A BSBL calculation yields a value for the activation
energy in good agreement with the above. Uncertainty is a factor of 3.

(R. F. Hampson, May 1983)

References

Gray, P., Shaw, R., and Thynne, J. C. J., "The Rate Constants of Alkoxyl Radical
Reactions,"” Progr. React. Kinet. 4, 63 (1967)

24,12 CEy0 + HCHO - CH,OH + HCO

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule cm™ 2 k/cmamolecule—ls_l factor

log !% = 1.00014 + 3719.01/T - 58627/1‘2 + 1.03028:(107/'[3

Gray, et al. (1967} 323-408 lv.7x10_13exp(-1500/T) - 3
review
Cc ts and R dations

The expression given by Gray, et al. is based on results of Hoare and Wellington
obtained in a system where this reaction competes with the disproportionation
of two CH30 radicals. Uncertainty is a factor of 3.

(R. F. Hampson, May 1983)

References

Gray, P., Shaw, R., and Thynne, J. C. J., "The Rate Constants of Alkoxyl Radical

Reactions," Progr. React, Kinet. 4, 63 (1967)

=

Hoare, D. E., and Wellington, C. A., "Reactions of t-Butoxy, Methoxy and Acetonyl
Radicals," Symp. Combust. 8, (Combustion Institute, Baltimore, 1962) 472
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24,14 CH40 + CO - CHy + CO,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K (M} /molecule cm™3 k/em®molecule 1571 factor
Lissi, et al. (1873)  396-426  (4-110)x1017 co 2.6x10" 1lexp(-5940/T) 3
Sanders, et al. (1980) 298 < 8x1071°
Wiebe, Heicklen (1973) 298-423 k/k(CH30+NO) = 5x10""

Comments and Recommendations

The recommended value is the expression reported by Lissi, et al. who monitored the
rate of production of CO, from the thermal decomposition of dimethyl peroxide

in the presence of CO. However because of the large discrepancy with the value
which can be derived from the relative rate study of Wiebe and Heicklen (1873),

the uncertainty must be taken to be at least a factor of 5. Sanders, et al.

could not measure the rate and simply reported on upper limit based on technique
sensitivity.

(R. F. Hampson, May 1983)

References

Lissi, E. A., Massiff, G., and Villa, A. E., "Oxidation of Carbon Monoxide
by Methoxy-Radicals," J. Chem. Soc., Faraday Trans. I 69, 346 (1973)

Sanders, N., Butler, J. E., Pasternack, L. R., and McDonald, J. R., "CHzO
Production from 266 nm Photolysis of Methyl Nitrite and Reaction with
NO," Chem. Phys. 48, 203 (1880)

Wiebe, H. A., and Heicklen, J., "Photolysis of Methyl Nitrite," J. Am.
Chem. Soc. 85, 1 (1973)

24,15 CE30 + HCO - CHLO0H + CO

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm™3 k/cm®molecule 151 factor
Quee. Thynne (1967) 303 1x1018 methyl formate 2.3x10710 3

(based on CH40H formation)
8%10711 (based on CO formation)

Comments and Recommendations

On the basis of this work we suggest using the average of the values obtained by different
methods, i.e. 1.5x10-1o(:msmolemxle_“"s-l with an uncertainty of least a factor of 3.

The predominant path appears to be disproportionation to give the products shown.

(R. F. Hampson, May 1983)
References

Quee, M. J. Y., and Thynne, J. C. J., "Photolysis of Methyl Formate," Trans.
Faraday Soc. 63, 1656 (1967)
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24,16 CH40 + CHy = CH)0 + CH, (a)

- CH40CH; (b)
Conditions Reaction rate comnstant, Uncertainty
Reference Temp. /K [M] /molecule cm > k/cmPmolecule™ 1571 factor
Quee, Thynne (1966) 314-366  (3-9)x1017 ko/kp = 1.9£0.3 1.2
dimethyl carbonate
Thynne, Gray (1963) 303-455 1017 dimethyl peroxide K /ky, = 1.5$0.2 1.2

1018 methyl formate

Comment.s and Recommendations

Gray, Shaw and Thynne (1967) estimate the value of the combination rate constant
ky, ~ 2x10" 1 1em®molecule™1s™! based on the combination rate of methyl radicals
and of methoxy radicals. Using this rate and the ratio reported by Quee

and Thynne, we suggest that the favored path is disproportionation with a rate
constant of ~ 4x10"1lem®molecule™ls™l. Uncertainty is a factor of 5.

(R. F. Hampson, May 1983)

References

Gray, P., Shaw, R., and Thynne, J. C. J., "The Rate Constants of Alkoxyl
Radical Reactions," Progr. React. Kinet. 4, 63 (1967)

Quee, M. J. Y., and Thynne, J. C. J., "Photolysis of Dimethyl Carbonate,"”
Trans. Faraday Soc. §2, 3154 (1966)

Thynne, J. C. J., and Gray, P., "Methoxy-Radical~Induced Decomposition of

Methyl Formate: Kinetics of Methoxyl and Methyl Radical Reactions,"” Trans.
Faraday Suc. 58, 1148 (1963)

24,17 CH30 + CoHg - CH,0 + CoHg

C and R dations

In the absence of any data for this reaction, we suggest using the value of the
rate constant for the disproportionation of CH50 with CH3, i.e.
4x10"11enBmolecule s 7L, Uncertainty is a factor of 5.

(R. F. Hampson, May 1983)
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24,18 CHZ0 + C,H, - products

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm 3 k/cmPmolecule 1s™1 factor
Lissi, et al. (1975) _ 400 (3-12)x1018 4x10717

Comments and Recommendations
The rate of this reaction was measured by a competitive technique and was converted
to an absolute value of the rate constant using the value obtained previously (1973)
by these authors for the rate of the reference reaction CHy0 + CO » CO; + CH3. The
value given here is somewhat lower than the value published in the 1975 paper because of an
error in the calculated value of the rate of the reference reaction from the parameters
reported in the 1973 paper. The primary reaction at lower temperatures is addition.
This will be reversed at higher temperatures. The addition product can also undergo
1,4-BH-migration leading to HCHO and CZH5. Scaling of the results to an A-factor
of 2 x 10" 3cmPmolecule™1s™1 leads to the rate expression

k = 2x10"1Bexp(-3400/T)cmPmolecule™1s™1
with an uncertainty of over a factor of 10 at high temperatures.

(R. F. Hampson, October 1984)

References

Lissi, E. A., Massiff, G., and Villa, A., "Addition of Methoxy Radicals
to Olefins," Int. J. Chem. Kinet. 7, 625 (1975)

Lissi, E. A., Massiff, G., and Villa, A., "Oxidation of Carbon Monoxide by
Methoxy-Radicals,” J. Chem. Soc., Faraday Trans. I 69, 346 (1973)

24,18 CHZ0 + CaBy - CHL0 + CoH,

C ts and R dations

In the absence of any data for this reaction, we suggest using the value of the
rate constant for the disproportionation of CH30 with CHj, i.e.

4x10" M em3molecule 1s71, Uncertainty is a factor of §S.

(R. F. Hampson, May 1983)
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24,20 CH40 + CoHp products

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M1/molecule cm 2 k/c:m31m:)1.ecu].e-""s_1 factor
Lissi, et al. (1975) 400 7x10717

based on reported value of
k/k(CH30 + CoHy) = 1.7

C ts and R dations

In this study the rate was measured by a competitive technique with the reference
reaction being CH30 + C,H, -~ products. As discussed in data sheet for (24,18) this
latter rate was measured relative to the rate of CH30 + CO -~ Co, + CHj. Following the
data sheet on CyH, + CH30 (24,18) we note the possibility of addition, its x:ever.se and
1,4-B-migration leading to CyHj + CHZO. The estimated rate expression is

k ~ 2::1(]'laexp(-I()DOOIT)t:marm::].«acule_15":l with an uncertainty of 10 at

higher temperatures.

(R. F. Hampson, May 1983)

References

Lissi, E. A., Massirr, G., and Villa, A., "Addition of Methoxy Radicals
to Olefins,” Int. J. Chem. Kinet. 7, 625 (1975)

24,21 CHZ0 + C,H = CH,0 + C.H,

C s and R dations

In the absence of any data for this reaction, we suggest using the value of the
rate constant for the disproportionation of CH30 with CHy, i.e.
4x10"}ep®molecule™1s L, Uncertainty is a factor of 5.

(R. F. Hampson, May 1983)
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26,22 CHZO + CHyCO —+ CHgOH + CH,CO (a)
3 3 3 2
=+ CH,0 + CH,CHO (b)

C s and R dations

In the absence of ény experimental data on this reaction, we believe that these
radicals will disproportionate rapidly. Since paths a and b are equally exothermic
~ 250 kJ mol™1 we suggest using the values k, = ky, = 1210 M emPmolecule s with
an uncertainty of a factor of 10.

(R. F. Hampson, May 1983)

24,23 CH30 + CH30, ~+ CH,0 + CH,00H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K M] /molecule cm™3 k/cmPmolecule” 15”1 factor
Dever, Calvert (1962) 298 2.4x101° o, sx10713 10
1x1016 azomethane
Heicklen, Johnston 298 (3-30)x1016 o, sx10713 10
(1962) (1-10)x1010 CH31
Cc s and R dations

Dever and Calvert (1962) studied the photooxidation of azomethane by long path

infrared spectrometry. The vélue shown above is derived from the reported value

of (ky x (2kp)H/2)/k whers k, refers to the reaction CHzO + CHy0 — GHyOH + HCO

and kb' the reaction 2caaoz - ZCH30 + Oy. The numerical value of this expression

given in that paper appears to be incorrectly derived and has been corrected here.

Heicklen and Johnston studied the photooxidation of methyl iodide by mass spectrometry. The
value shown above is derived from the reported value of k/(kbxke)ll2 = 0.14 where k., refers to
2CH40 - CH40H + CH,0 and kb is as given above. Both systems are complex

vhotochemical systems, and therefore a large umeartainty (a factor of 10) should

be associated with the preferred value of 5x10™ 1% em3molecule 1s~1.

(R. F. Hampson, May 1983)

References
Dever, D. F., and Calvert, J. G., "Rate Studies of the Oxidation of Methyl
Radicals in Oxygen-rich Media at 25 C,” J. Am. Chem. Soc. 84, 1362 (1962)
Heicklen, J., and Johnston, H. S., "Photochemical Oxidations. II.
Methyl Iodide,"” J. Am. Chem. Soc. 84, 4030 (1962)
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25,1 lca, + K, + 3B, + W,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ 3 k/em®molecule™1s™1 factor
Langford, et al. 298 (3-30)x1017 N, 11x10712 1.1
(1983)
Ashfold, et al. (1981) 298 (6-60)x106 N, 8.8x10712 1.3
Laufer (1981) review 298 gx10” 13
C t and R dations

The results reported by Ashfold et al. (1981) were obtained using IR laser multi-
photon dissociation and time resolved laser induced fluorescence. The results of
Langford ot al. (1983) were obtained ucing ow lasor roeonance abgcorption. Theso
recent results are in good agreement and are an order of magnitude faster than

the earlier results. The preferred value is the average of the two recent

results (1.01:1()_11 cmsmolecule'ls_l). Uncertainty is a factor of 1.3, Although

the values reported are for the total removal rate of singlet CH,, they probably
refer to the singlet-triplet intersystem crossing, since the pressure range was much
too low for third order recombination to be important. Braun et al. (1970) estimated
the quenching half-pressure for CHZNZ formation to be 400 torr.

(R. F. Hampson, May 1984)
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Ashfold, M. N. R., Fullstone, M. A., Hancock, G., and Ketley, G. W.,
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Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene," Rev. Chem.
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25,2 cH, + By » CHy + B

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M} /molecule cm™ > k/cmPmolecule” 1571 factor
Lengford, et al. 298 (3-30)x10%7 N, 1.05x10710 1.05
(1983)
Ashfold, et al. (1981) 298 (6-60)x10%6 1w, 1.3x10710 1.07
Laufer (1981) review 298 7x10712

Comments and Recommendations

The recommended value of 1.2x1071% cmPmolecule™ls™} is taken to be the average of

the recent results of Langford et al, (1883) and Ashfold et al. (1881). The uncertainty
is a factor of 1.3. The value given in Laufer’s rovieow it basced on resulte of flach
photolysis~kinetic spectroscopy experiments reported by Braun et al. (1970). Although
these are for the total removal rate of singlet CH,, Braun et al. have shown that

reaction to produce methyl radicals accounts for more than 80 percent of the removal rate.
(R. F. Hampson, May 1984)

References

Ashfold, M. N. R., Fullstone, M. A., Hancock, G., and Ketley, G. W.,
"Singlet Methylene Kinetics: Direct Measurements of Removal Rates of
alAl and blBl CHy and CDp," Chem. Phys. 33, 245 (1981)

Braun, W., Bass, A. M., and Pilling, M., "Flash Photolysis of Ketene
and Diazomethane: The Production and Reaction Kinetics of Triplet
and Singlet Methylene," J. Chem. Phys. 52, 5131 (1970)

Langford, A. 0., Petek, H., and Moore, C. B., "Collisional Removal of
CHz(lAl): Absolute Rate Constants for Atomic and Molecular Collisional
Partners at 295 K," J. Chem. Phys. 78, 6650 (1983)

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene," Rev. Chem.
Intermediates 4, 225 (1981)

25,3 IcH, + 0, ~ H + CO + OH (a)
= Hy; + CO (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 3 k/cmmolecule 1571 factor
Langford, et al, 298 (3-30)x1017 N, 7.4x10711 1.07
(1983)
Ashfold, et al. (1981) 298 (6-60)x1017 3.0x10711 1.13
Laufer (1981) review 288 < 3x10711
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C ts and R dations

The recommended value of 5.2x10 lcm3molecule™ls™1 is taken to be the average of the
recent results of Langford et al. (1983) and Ashfold et al. (1981). Uncertainty is a
factor of 1,6. In agreement with these results, Rowland et al. (1872) report that

this reaction proceeds with a collision efficiency of about 0.1. The upper limit
given in Laufer’s review is based on flash phutulysis-gas chromatugraphy results of
Laufer and Bass(1974). It is proportional to the value used for the rate of deactivation
by helium which the authors took from Braun et al. (1970). The reported value should
be increased by an order of magnitude on thc bacic of new resulte for the referonce
rate reported by Ashfold et al. (1981) and Langford et al. (1983). Shaub et al. (1981)
suggest that the relative importance of the two reaction channels is the same as for
the corresponding reaction of triplet methyléne, where 702 of the CO is formed

in the radical production path (a) and 307 is formed in the molecular elimination
channel (b).

(R. F. Hampson, May 1884)
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25,4 lcE, + B~ cE + B,

C ts and R dations

In the absence of experimental data, it is suggested that this reaction,
which is exothermic by 29 kJ mol™1 proceeds at a near collisional rate of
~ 5x107%1 cm®molecule™s™l. Uncertainty is a factor of 3.

(R. F. Hampson, May 1984)
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25,5 IcH, + 0+ CO+ 28 (a)
= CO + H, (b)

C and R dations

The recommended value for this rate constant is 5 x 10" em®molecule™ls™1

based on analogy with the rate of ‘the slightly less exothermic reaction of triplet
methylene. Shaub, et al. from a study of the vibrational energy distribution of the
CO produced concluded that, as in.the case of triplet méthylene, the two reaction
chammels shown are equaily important. The uuc.ert.ainty is a factor of 3.

(R. F. Hampson, May 1984)

References

Shaub, W. M., Hsu, D. S. Y., Burks, T. L., and Lin, M, C., "Dynamics and
Mechanisms of CO Production from the Reactions of CH, Radicals with o3p)
and Op," Symp. Combust. 18, (Combustion Institute, Pittsburgh, 1981) 811

25,6 lcm, + om - HCEO + &

Comments and Recommendations

In the absence of experimental data it is suggested that the reaction proceeds
at a near collisional rate of ~ 5 x 10711 cm®molecule™ls™ to form an excited
complex which dissociates to HCHO + H. The overall reaction is highly exothermic
(~ 360 kJ mol™1), Uncertainty is a factor of 3.

(R. F. Hampson, May 1984)

25,7 lcE, + BO, ~ HCHO + OH

Comments and Recommendations

In the absence of experimental data it is suggested that this reaction proceeds
at a near oollicional rate of ~ 5 x 10711 ¢m3molecule™s™1 to form an excited
com_plex which dissociates to HCHO + OH. The overall reaction is highly
exothermic (~ 510 kJ mol™l).

(R: F. Hampson, May 1984)

25,8 ICH, + B0, = CH,0 + OH

Conments and Recommendations
There are no experimental data on this reaction. In contrast to the reaction of

ICEZ with HZO where the initially formed adduct does not have sufficient energy
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to decompose to products, here the CliaOOH adduct can decompose; the overall
reaction is exothermic by 226 kJ mol™l. The rate is expected to be fast

(k ~ 5 x 10”1 1cm®molecule™Xs™1) by comparison with other insertion reactions of
1CH2. The uncertainty is a factor of 3.

(R. F. Hampson, May 1984)

25,9 cH, + B~ CH + B,

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule cm_3 k/cmamolecula-ls-l factor
Hatakeyama, et al. 298 2.5x101° N, ~ 3x10712

(1881)
C ts and R dations
The results of Hatekeyama were obtained in a competitive system with the reaction
1CH2 + CHyN; ~+ CoH, + Ny. Products yields of CH30H and C,H, were measured. This
value is based upon a literature value of 3x10 1lemPmelecule™ls™! for the reference
reaction, Uncertainty is a factor of 3.
(R. F. Bampson, May 1984)
References
Hatakeyama, S., Bandow, H., Okuda, M., and Akimoto, H., "Reaction of CH,00

and CHz(lAl) with HZO in the Gas Phase,"” J. Phys. Chem. 85, 2249 (1981)
25,10 cm, + cB, -+ C,Hg" + 2CH; (a)

-+ 3ca, + cB, (b)
Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule cm™ 3 k/cm°molecule 151 factor
Langford, et al. 208 . (3-30)x1017 cg, Kaup = 7.0x10711 1.05

(1983)
Ashfold et al. (1981) 298 (6-60)x1016 c, Kgep = 7.3x10711 1.10
Laufer (1981) review 298 k, = 1.9x10712

ky = 1.6x10712
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Comments and Recommendations

The recommended value of 7.1x1071l cm®molecule ls™! is taken as the average of the
recent results of Langford et al. (1983) and Ashfold et al. (1981). It is likely that
channel (a) predominates. The values given in Laufer’s review are based on results

of flash photolysis-kinetic spectroscopy experiments reported by Braun et al. (1970).
The value of k, is the low pressure value, with the half-pressure for stabilization

of the excited ethane adduct being about 1 atmosphere. Uncertainty is a factor of 1.5.
(R. F. Hampson, May 1984)
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Ashfold, M. N, R., ‘Fullstone, M. A., Hencock, G., and Ketley, G. W.,
"Singlet Methylene Kinetics: Direct Measurements of Removal Rates of
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Braun, W., Bass, A. M., and Pilling, M., "Flash Photolysis of Ketene
and Diazomethane: The Production and Reaction Kinetics of Triplet
and Singlet Methylene," J. Chem. Phys. 52, 5131 (1970)

Langford, A. 0., Petek, H., and Moore, C. B., "Collisional Removal of
CHz(lAl): Absolute Rate Constants for Atomic and Molecular Collisional
Partners at 295 K," J. Chem. Phys. 78, 6650 (1983)

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene," Rev, Chem.
Intermediates &4, 225 (1981)

*
25,11 1CH, + C,Hg = CaHg" ~ CHy + C,H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ 3 k/cmamolecule'ls"l factor
Langford, et al. 298 (3-30)x1017 C,Hg 1.9x10710 1.1
(1983)
Laufer (1981) review 298 4.5x10712
C ts and R dations

The recommended value is the recent result by Langford et al. (1983). It is from a body of
absolute rate data which is in good agreement with the independent body of absolute rate
data in Ashfold et al. (1981). The value cited from Laufer’s review is the average of

two values given there. One is from relative insertion rates reported by Halberstadt

and Crump (1972) and the other is from the relative reactivities reported by Hase and
Simons (1971). Both relative rates were normalized to the value of Braun et al. (1970)

for the rate of insertion into methane (1.9x10” '2em°molecule is™1).  If these

relative rates are normalized to the rate of the reference reaction given in this

evaluation, the resulting rate for insertion into ethane is in good agreement with
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the very recent absolute value given above. Unvertainty is a factor of 2.

(R. F. Hampson, May 1984)
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"Singlet Methylene Kinetics: Direct Measurements of Removal Rates of
ala; and b8, CH, and CD,," Chem. Phys. 55, 245 (1881)
Braun, W., Bass, A. M., and Pilling, M., "Flash Photolysis of Ketene
and Diazomethane: The Production and Reaction Kinetics of Triplet
and Singlet Methylene," J. Chem. Phys. 52, 5131 (1970)
Halberstadt, M. L., and Crump, J., "Insertion of Methylene into the Carbon-
Hydrogen Bonds of the C; to C, Alkanes," J. Photochem. 1, 285 (1972/73)
Hase, W. L., and Simons, J. W., "Excitation Energies of Chemically Activated Isobutane
and Neopentane and the Correlation of Their Decomposition Rates with Radical
Recombination Rates," J. Chem. Phys. 54, 1277 (1971)
Langford, A. 0., Petek, H., and Moore, C. B., "Collisional Removal of
CHz(lAl): Absolute Rate Constants for Atomic and Molecular Collisional
Partners at 295 K," J. Chem. Phys. 78, 6650 (1983)
Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene," Rev. Chem.

Intermediates 4, 225 (1981)

-3

25,12 lcH, + H,C0 » CH3 + HCO

C s and R dations

By analogy with the rate of the reaction of 1032 with C!I" it is estimated that 1cx—12
inserts into the C-H bond of H,CO with a rate of ~ 7x10" 12 emBmolecule s ™1 to give
a highly excited CHCHO species which decomposes to CHB + HCO. A similar rate is

assumed for the deactivation process, also by analogy with 1CH2 + CH,. Uncertainty

is a factor of 3.

(R. F. Hampson, May 1984)

25,13 IcE, + co, » B,00 + cO

Comments and Recommendations

There are no experimental data on the rate or mechanism of this reaction. It is
expected to be significantly faster than the corresponding reaction of the triplet;
and there also exists the possibility of quenching of the singlet methylene. An
estimate to be used with caution would be an overall. rate constant of
5x10"12¢mPmolecule™is ™1 with an equal probebility for chemical reaction or quenching
of the singlet methylene. Uncertainty is a factor of 5.

(R. F. Hampson, May 1984)
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25,14 IcH, + CO + products

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]1/molecule em™3 k/cm’molecule” 1s™1 factor
Langford, et al. 298 (3-30)x10%7 co 4.9x10711 1.1
(1983)
Ashfold, et al. (1981) 298 (3-30)x1016 co 5.6x10711 1.1
Laufer (1981) review 298 < 9x10712
Ci 8 and R dations

The recommended value of 5.2::10'1:l cmsmolecule-ls-l is taken as the average of the recent
results of Langford et al. (1983) and Ashfold et al. (1981). The upper limit given in
Laufer’s review is proportional to the value used for the rate of deactivation by

helium which value was taken from Braun et al. (1970). When the reported value is
adjusted on the basis of new results for the reference rate, it is consistent with the
two recent ebsolute values. Uncertainty is a factor of 1.4.

(R. F, Hampson, May 1984)
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Laufer, A. H., and Bass, A. M., "Rate Constants for Reactions of Methylene with
Carbon Monoxide, Oxygen, Nitric Oxide, and Acetylene,"” J. Phys. Chem. 78,
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25,15 IcH, + BCO ~ CHy + CO

c ts and R dations

Since 1CH2 is known to insert rapidly into C-H bonds. this reaction probably proceeds
at near collisional rate (k ~ 3x10” 1lem®molecule ?s™1) to give a highly excited CHaCO
species which rapidly decomposes to CHy + CO. Uncertainty is a factor of 3.

(R. F. Hampson, May 1984)

1259

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1260

W. TSANG AND R. F. HAMPSON

25,16 ICH, + CBy = C,H, + B

Comments and Recommendations

There are no experimental data on the rate of this reaction. Since 1CHZ is known to
insert rapidly into C-H bonds, this reaction probably proceeds at near collisional rate
(k ~ 3x10"MemPmolecule™ds™1) to give a highly excited CoHg species with 440 kJ mol™t
internal energy, which rapidly decomposes to CZHQ + H. Uncertainty is a factor of 3.
(R. F. Hampeon, May 1084)

25,17 1CH, + C,Hg ~+ C,H, + CHy (a)
+ CgHg + B (b)

C ts and R dations

There are no experimental data on this reaction. Since 1CEZ is known to insert
rapidly into C-H bonds, this reaction probably proceeds at a near collisional rate
(k ~ 3x10 lemPmolecule™ls™1) to give a highly excited CyH; species with ~ 420

kJ mol™l internal enexgy. This excited species will rapidly decompose by the two
paths indicated with a suggested branching ratio of close to unity. Uncertainty
is a factor of 3.

(R. F. Hampson, May 1984)

25,18 1CH, + C,B, ~ C3Hg

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 2 k/cm®molecule 1s™1 factor
Langford, et al. 298 (3-30)x10%7 ¢ 8, 1.5%10710 1.4

(1983)

Comments and Recommendations

This is the only reported absolute value for this rate constant. It is from a
body of absolute rate data which is in good agreement with the independent body
of absolute rate data in Ashfold et al. (1981). The available relative data have
been considered by Laufer in his recent review. The major path is addition to
the double bond to form vibrationally excited cyclopropane which isomerizes to
propylene. Uncertainty is a factor of 2.

(R. F. Hampson, May 1984)
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Langford, A. O., Petek, H., and Moore, C. B., "Collisional Removal of
Cﬁz(lAl): Absolute Rate Constants for Atomic and Molecular Collisional
Partners at 295 K," J. Chem. Phys. 78, 6650 (1983)

Laufer, A. H., "Kinetics of Gas Phase Reaction of Methylene," Rev. Chem.

Intermediates 4, 225 (1981)

25,19 Icm, + C,H; ~ C,H, + CHy

Couaxt s and R dations

Since 1CH2 is known to insert rapidly into C-H bonds, this reaction probably proceeds
at a near collisional rate (k ~ 3x10” !lcm®molecule™ls™1) to give an excited CyHg

species which rapidly decomposes to CZHZ + CH3. Uncertainty is a factor of 3.
(R. F. Hampson, May 1984)

25,20 lcm, + cB, » g8,

C ts and R dations

There have been no direct measurements of the rate of this reaction. By analogy with
the reaction ul 1cnz with CoH, this reaction is expected to be a rast reaction

(k ~ 1x10"1%m3moleculels™1) and the major pathway is expected to involve

addition to the multiple bond and subsequent isomerization to yield

methylacetylene. The uncertainty is a factox of 3.

(R. F. Hampson, May .1984)

25,21 Icm, + C,H -+ C,H, + CB

Comments and Recommendations

Although there are no data on the rate of this reaction. it probably proceeds by an ahstraction
mechanism to give the products indicated with a rate constant of ~ 3x10-11cm3molecule'1s—l.

The product of a possible insertion reaction by 1CHZ would be CoCHy. However, breakage of the
C-C bond to give Ca + CHy would constitute an endothermic overall pathway. It would be thermo-
dynamically possible for the insertion adduct to be stabilized if it rearranges to the propargyl

radical, HCCCHZ. We cannot estimate a branching ratio. Uncertainty is a factor of 3.
(R. F. Hampson, May 1984)
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25,22 1CH, + CH,CO ~ CHy + CH,CO

Comments and Recommendations

Since 1CH2 is known to insert rapidly into C-H bonds this reaction probably proceeds at
near collicional rate (k ~ 3x10 1lom3molocule™le™l) to give an exeited CHLCH,CO species
which rapidly decomposes to methyl radical + keténe. Uncertainty is a factor of 3.

(R. F. Hampson, May 1884)

25,23 lcB, + CHy0, - CyHs + O,

Comments and Recommendations

There are no data on this reaction. Since 1CH2 is known to insert rapidly into C-H
bonds, this reaction probably proceeds at near collisional rate

(k ~ 3x10"1cmBmolecule™s™1) to give a highly excited C,HO, species with ~ 455 kJ mol™1
internal energy which rapidly decomposes to CyHg + 0y. Uncertainty factor is 3.

(R. F. Hampson, May 1884)

25,24 1cH, + CHy0 -+ CHy + CH,0

Comments and Recommendations

There are no experimental data on the rate of this reaction. Since 1032 is known

to insert rapidly into C-H bonds, this reaction probably proceeds at a near collisional
rate (k ~ 3x10 lemPmolecule™1s™1y to give a highly excited C,Hs0 species with

435 kJ mol™! internal energy vwhich rapidly decomposes to CHy + CH,0. Uncertainty
is a factor of 3.

(R. F. Bampson, May 1984)

25,25 lcm, + lcB, - products

Comments and Recommendations
There are no experimental data on the rate on this reaction. It is expected to
proceed rapidly (k ~ 5x10 1lcmdmolecule ls™1) to yield the same products as the

reaction of two triplet species i.e. CoHp and H2 or 2H. The uncertainty factor is 5.

(R. F. Hampson, May 1984)
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26,1 3682 + K, - products

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule l::m_3 k/cmamolecule-:“s_1 factor
Laufer (1081) roview 208 < 1x10716

Comments and Recommendations

The recommended value is the upper limit recommended in Laufer’s review and

is based on results of flash photolysis-gas chromatography experiments reported
by Laufer and Bass (1878)

(R. F. Hampson, May 1984)

References
Laufer, A. H., "Kinetics of Gas Phase Rgactions of Methylene,” Rev., Chem,
225 (1¢81)

Laufer, A. H., and Bass, A. M., "A New Channel for the Formation of Hydrogen
Cyanide in CH3—N2 Systems,"” Combust. Flame 32, 215 (1978)

Intermediates &

=1

3
26,2 SCH, + H, » CHy + B

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 2 k/cm®molecule™1s™1 factor
Laufor (1081) review 208 < s5x10715

C ts and R wdat.ions

The recommended value is the upper limit given in Laufer’s review and is based
on the upﬁer limit reported by Pilling and Robertson (1977) and a less sensitive
upper limit reported by Braun et al. (1979).

(R. F. Hampson, May 1984)

References
Braun, W., Bass, A, M., and Pilling, M., "Flash Photolysis of Ketene
and Diazomethene: The Production and Reaction Kinetics of Triplet
and Singlet Methylene," J. Chem. Phys. §g, 5131 (1870)
Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene,” Rev. Chem.
225 (1981)
Pilling, M. J., and Robertson, J. A., "Flash Photolysis of Ketene. Photolysis

Intermediates 4

Mechanism and Rate Constants for Singlet and Triplet Methylene," J. Chem.
Soc., Faraday Trans. I 73, 968 (1977)
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26,3 3cH, + 0, » B + CO + OH (a)
+ Hy0 + €O (b)

Conditions : Reaction rate comstant, Uncertainty
Reference Temp. /X [M] /molecule cm™3 k/cmamolecull.e—:ls'1 factor
Bohland, et al. (1984) 298 5x1018 He 3.3x10712 1.2
Laufer (1981) review 298 1.4x10712
Vinckier, Debruyn 295-573 2.2x10"1exp(-755/T)
(1979) 298 1.7x10712

Ci ts and R dations

The recommended value is that given in Laufer’s review (corrected value) and is based
on results of flash photolysis-gas chromatography experiments reported by Laufer and
Bass (1974) and by Pilling and Robertson (1877). The only temperature dependent

study is that of Vinckier and Debruyn (1979). These results by a completely different
tochnigqueo arc in good agrooment with the carlier results at room temperature.

Rgacticn proceeds by addition to form a diradical intermediate which isomerizes

to a highly excited HCOOH species which then decomposes.

From an analysis of the CO product vibrational energy distribution, Shaub et al. (1881)
concluded that 70% of the CO is formed in the radical producing path (a) and 30% is
formed in the molecular elimination channel (b). The mechanism of this reaction in

a matrix has beeun studied by Lee and Pimentel (1981). Uncertainty in derived values
of k, and k;, is a factor of 2.

(R. F. Hampson, October 1984)

References

Bohland, T., Temps, F., and Wagner, H. Gg., "Direct Determination of
the Rate Constant for the Reaction CH, + O, with a LMR Spectrometer,”
Ber. Bunsenges. Phys. Chem. 88, 455 (1984)

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene," Rev. Chem.
Intermediates 4, 225 (1981)

Laufer, A. H., and Bass, A. M., "Rate Constants for Reactions of Methylene with

Carbon Monoxide, Oxygen, Nitric Oxide, and Acetylene," J. Phys. Chem. 78,
1344 (1974)

Lee, Y.-P., and Pimentel, G. C., "Formic Acid Chemiluminescence from Cryogenic
Reaction between Triplet Methylene and Oxygen," J. Chem. Phys. 74, 4851
(1881)

Pilling, M. J., and Robertson, J. A., "Flash Photolysis of Ketene. FPhotolysis
Mechanism and Rate Constants for Singlet and Triplet Methylene,” J. Chem.
Sec., Faraday Trans. I 73, 068 (1077)

Shaub, W. M., Hsu, D. S. Y., Burks, T. L., and Lin, M. C., "Dynamics and
Mechanisms of CO Production from the Reactions of CH, Radicals with oi®m
and 02." Symp. Combust.. 18, (Combustion Institute, Pittsburgh, 1981) 811

Vinckier, C., and Debruyn, W., "Temperature Dependence of the Reactions of
Methylene with Oxygen Atoms, Oxygen, and Nitric Oxide," J. Phys. Chem. 83,
2057 (1979)
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3
26,4 3cB, + H- CH +H,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cmamclecule-ls‘l factor
Bohland, Temps (1984) 298 5x1016 He 2.7x10710

Ci ts and R dations

These results are in accord with fast reactions of H atoms with organic radicals. In the
present case this is followed by rapid decomposition of the adduct. Uncertainty is a factor of 2.
(R. F. Hampson, October 1984)

References
Bohland, T., and Temps, F., "Direct Determination of the Rate Constants for the
Reaction CH, + H -+ CH + H,," Ber. Bunsenges. Physik. Chem. 88, 459 (1984)

26,5 3cH, + 0+ CO + 28 (a)
+ €O + Hy (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm'3 k/cmsmolecule~1s_1 factor
Laufer (1981) review 298 1.9x10711

Comment.s and Recommendations

The recommended value is that given in Laufer’s review and is based on relative measure-
ments in discharge flow experiments which report the ratio k/k(3CH2 + CyHy) = 3.10.2,
This ratio is combined with the value of k(SCHZ + CoHy) = 6x10"12cmPmolecule sl (see
data sheet for reaction (26,20)) to give the above value. Vinckier and Debruyn report
zero activation energy over the temperature range 290 to 600 K. Schaub et al. studied

the vibrational energy distribution of the CO formed. They concluded that CO is produced via
the two reaction channels shown above, and that both channels are equally important. The
observed CO population inversion results mainly from the molecular elimination channel (b)
which is exothermic by 745 kJ mol_l. CO is observed to be vibrationally excited up to a
maximum of v = 17. Uncertainty in derived values of ka and ki, is a factor of 2.

(R. F, Hampson, May 1984)

References

Laufexr, A. II., "Kinetics of Gas Pliase Rewavlivus uf Melhyleae,” Rev. Chem.
Intermediates 4, 225 (1981)

Shaub, W. M., Hsu, D. S, Y., Burks, T. L., and Lin, M. C., "Dynamics and
Mcohaniems of CO Production from tho Reactions of CHZ Radicals with O(SP)
and Op," Symp. Combust. 18 (Combustion Institute, Pittsburgh, 1981) 811

Vinckier, C., and Debruyn, W., "Temperature Dependence of the Reactions of Methylene
with Oxygen Atoms, Oxygen, and Nitric Oxide," J. Phys. Chem. 83, 2057 (1974)
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26,6 3CH, + OH - HCHO + H

Ce ts and R dations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3x10"1lemPmolecule s 1, followed by decomposition of the

hot adduct. The uncertainty is a factor of 3. The overall reaction is

endothermic by 322 kJ mol_l. A second possible reaction channel to give CHz + 0(3P)
is slightly exothermic.

{R. F. Hampson, May 1984)

26,7 3ca, + HO, ~ HCHO + OH (a)

C s and Rect Jutious

There are no direct measurements on this system. One expects a fast addition
process with an overall rate constant k ~ 3x10'1lcm3molecule_1s-1, followed
by decomposition of the hot adduct. The uncertainty is a factor of 3.

(R. F. Hampson, May 1884)

3
26,8 CH, + H,0, - CBy + HO,

Comments and Recommendations
In the absence of direct measurements, we estimate the rate of this reaction
to be quite slow (k < 1x10 “cm®molecule™ls™1) on the basis of triplet

methylene‘s inertness towards H atom abstraction.
(R. F. Hampson, May 1884)

26,9 3cE, + H,0 - CHy + OH

C ts and R dations

This reaction is endothermic and cannot be of any importance in combustion
systems. A cdnservative upper limit would be to set k < 1x10" 18cmBmolecule1s™1
on the basis of triplet methylene‘s inertness towards H atom abstraction and
consideration of the energetics of this reaction.

(R. F. Hampson, May 1884)
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26,10 3CH, + CH, - CHy + Ciy

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm o k/cm°molecule s71 factor
Laufer (1981) review 298 < 3x10719

Compents and Recommendations

The recommended value is that given in Laufer’s review and is based on results
of a low-intensity photolysis study of the CHZCO—CH,‘ system (Lee et al. (1970)).
(R. F. Bampson, May 1984)

References
Laufer, A. H., "Kinetics of Gas Phase Reactions.of Methylene," Rev. Chem.

Intermediates 4, 225 (1881)

-t

Lee, P, S. T., Russell, R. L., and Rowland, F. S., "The Reactions of Triplet
Methylene with Alkyl Radicals in Ordinary Photolysis Systems,”" Chem. Comm.,
18 (1970)

26,11 3CH, + C,Hg ~ products

C ts and R dations

By asnalogy with the reaction 3CH2 + CH, (see preceding data sheet) it is expected that
an upper limit of 3x10 19%mPmolecule™ls™1 is appropriate for this rate constant.
(R. F. Hampson, May 1984)

References

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene,” Rev. Chem.
Intermediates 4, 225 (1981)

26,12 3cH, + HCHO ~ CB, + HCO

Comments and Recommendations

In the absence of direct weasurements, we estimate the rate of this reaction
to be quite slow (k < 1x10 14em®molecule™ls™1) on the basis of triplet
methylene’s inertness towards H atom abstraction.

(R. F. Hampson, May 1984)
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26,13 3cH, + C0, =+ HCHO + CO

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™ 2 k/cm®molecule 1s™1 factor
Laufor (1981) review 298 3.0x10714

Comments and Recommendations

The recommended value is that given in Laufer’s review and is based on results

of experiments reported by Laufer and Bass (1977) using flash photolysis in
conjunction with gas chromatography and kinetic spectroscopy. They observed
approximately 15% of the CO produced to be vibrationally excited to at least v'=2.
Uncertainty is a factor of 1.6.

(R. F. Hampson, May 1984)

References

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene," Rev. Chem.
Intermediates 4, 225 (1981)

4,
Laufer, A. H., and Bass, A. M., "Reaction Between Triplet Methylene and COy:
Rate Constant Determination,” Chem. Phys. Lett. 46, 151 (1977)

26,14 3cH, + CO -+ CH,CO

Conditions Reaction rate constant, Uncertainty
Reterence Temp./K  [Ml/molecule cm ° k/cm’molecule st factor
Laufer (1981) review 298 < 1x10715

Comments and Recommendations
The recommended value is the upper limil giveu in Laufer’s review and is based on
results of flash photolysis-gas chromatography experiments reported by Laufer and

Bass (1974) and Pilling and Robertson (1877) and tracer studies by Montague and
Rowland (1871).

(R. F. Hampson, May 1984)

References
Laufer, A. H., "Kinetics of Ges Phase Reactions of Methylene," Rev. Chem.

Intermediates 4, 225 (1981)

Laufer, A. H.. and Bass. A. M.. "Rate Constants for Reactions nf Methylens with
Carbon Monoxide, Oxygen, Nitric Oxide, and Acetylene," J. Phys. Chem. 78,
1344 (1974)

Montague, D. C., and Rowland, F. S, "Oxirene Intermediate in the Reaction of
Singlet Methylene with Carbon Monoxide," J. Am. Chem. Soc. 83, 5381 (1971)

Pilling, M. J., and Robertson, J. A., "Flash Photolysis of Ketene. Photolysis
Mechanism and Rate Constants for Singlet and Triplet Methylene,” J. Chem.
Soc., Faraday Trans. I 73, 968 (1977)
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26,15 3cH, + HCO - CHy + CO

Comments and Recoamendations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3x10" Mennolecure™ 1571 , followed by decumpusition ol Lhe
hot adduct. The uncertainty is a factor of 3. The overall reaction is
highly exothermic (381 kJ mol™l).

(R. F. Hampson, May 1984)

26,16 3CH, + CBg ~ C,H, + B

Conditions Roaction rate econstant, Uncertainty
Reference Temp. /K [M] /molecule em™3 k/cmmolecule 1571 factor
Laufer (1981) review 298 7x107 11

Cc s and R dations

The recommended value is that given in Laufer’s review and is based on a re-analysis
of results of flash photolysis-gas chromatography experiments reported by Laufer

and Bass (1975) and by Pilling and Robertson (1975). Uncertainty is a factor of 2.
(R. F. Hampson, May 1984)

References

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methy}.ene," Rev. Chem.
Intermediates 4, 225 (1981)

Laufer, A. H., and Bass, A. M., "Mechanism and Rate Constant of the Reaction
between Methylene and Methyl Radicals,” J. Phys. Chem. 79, 1635 (1975)

Pilling, M. J., and Robertson, J. A., "Flash Photolysis of Ketene. Photolysis
Mechanism and Rate Constants for Singlet and Triplet Methylene," J. Chem.
Soc., Faraday Irans. I 73, 968 (19//)

3
26,17 3CH, + CjHg ~ CHy + C,8,

Comments and Recommendations
There are no direct measurements on this system. One expects a fast addition

process with I - '1"“"_11":-3'::

£o1 by decomposition of the
hot adduct. The uncertainty is a factor of 3. The overall reaction is highly
exothermic (305 kJ mol™1).

(R. F. Hampson, May 1984)
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3
26,18 “CH, + C,H, — CgHg

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm®molecule 1s™1 factor
Laufer (1981) review 298 < 3x10714

Comments and Recommendations

The recommended value is the upper limit given in Laufer’s review and is based on
results reported by Laufer and Bass (1975) and Rowland et al. (1972).

(R. F. Rampson, May 1984)

References

Laufer, A. H., "Kinctice of Gas Phaso Reactions of Methylens," Rev. Chem.
Intermediates 4, 225 (1981)

Laufer, A. H., and Bass, A. M., "Mechanism and Rate Constant of the Reaction
bhatween Methylene and Methyl Radicals," J. Phys. Chem. 78, 1635 (1975)

Rowland, F. S., Lee, P. S.-T., Montague, D. C., and Russell, R. L., "Tracer
Studies of the Reactions of Singlet and Triplet Methylene in the Gas Phase,”
Faraday Discuss. Chem. Soc. 53, 111 (1972)

3,
26,19 Cﬂz + Czﬂa - C‘B3 + CZBZ

Cc ts and R dations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3x10  lem3molecule™ls™1, followed by decomposition of the
hot adduct. The uncertainty is a factor of 3.

(R. F. Hampson, May 1884)

26,20 3CH, + C,H, » C4H,

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M}/molecule cm 3 k/cm®molecule 1s™1 factor
Laufer (1981) review 298 5.8x10712
Vinckier, Debruyn 295 1.3x10712
(1979)
Ci its and R dations

The recommended value is that given in Laufer’s review and is based on results of
flash photolysis-gas chromatography experiments reported by Laufer and Bass (1874)
and by Pilling and Robertson (1977). Uncertainty is a factor of 2.

(R. F. Hampson, May 1984)
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References

Laufer, A. B., "Kinetics of Gas Phase Reactions of Methylene," Rev. Chem.
Intermediates 4, 225 (1981)

Laufer, A. H., and Bass, A. M., "Rate Constants for Reactions of Methylene with
Carbon Monoxide, Oxygen, Nitric Oxide, and Acetyleme,” J. Phys. Chem. 78,
1344 (18974) )

Pilling, M. J., and Robertson J. A., "Flash Photolysis of Ketene. Photolysis
Mechanism and Rate Constants for Singlet and Triplet Methylene," J. Chem.
Soc., Faraday Trans. I 73, 968 (1977)

Vinckier, C., and Debruyn, W.,, "Reactions of Methylene in the Oxidation
Process of Acetylene with Oxygen Atoms at 295 K," Symp. Combust. 17 (Combustion
Institute, Pittsburgh, PA 1979) 623

26,21 S3CH, + C,B » CH + C,H,

Comments and Recommendations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3x10”}'cm®molecule™s™!, followed by decomposition of the
hot adduct. The uncertainty is a factor of 3.

(R. F. Hampson, May 1984)

26,22 SCH, + CH4CO - CHy + CH,CO

C ts and R dations

There are no direct measurements on this system. Une expects a Iast addition
process with k ~ leo'llcmamolecule-lshl, followed by decomposition of the
hot adduct. The uncertainty is a factor of 3.

(R. F. Hampson, May 1984)

26,23 3CH, + CHy0, ~ HCEO + CHz0

[o ts and R dations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3x10”  emPmolecule™ls™, followed by decomposition of the
hot adduct. The uncertainty is a factor of 3.

(R. F. Hampson, May 1984)
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3
26,24 cH, + CHyO ~ CHy + ECHO

Comments and Recommendations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3%x10" 1 1emmolecule s ™), followed by decomposition of the
hot adduct. The uncertainty is a factor of 3.

(R. F. Hampson, May 1984)

26,25 °cH, + ICH, » C,H, + 2H (a)
~ C,H, + Hy (b)

Comment.s and Recommendations

There are no direct measurements on this system. One expects a fast addition
process with k ~ 3x10” *cm®molecule™?s™!, followed by decomposition of the
hot adduct. The uncertainty is a factor of 3. Reaction channel (b) is much
more exothermic than (a) (577 kJ mol™) vs 138 kJ mol™l) and we expect it
will be preferred.

(R. F. Hampson, May 1984)

26,26 ScH, + ICH, + products

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm™3 k/cmsmolecule-]’s-l factor
Laufer (1981) review 298 5.3x1071%

C ts and R idat.ions

The recommended value is that given in Laufer’s review and is based on results of
experiments reported by Braun et al. (1970) using flash photolysis and kinetic
spectroscopy. The products are CoHy + Hy and CoHy + 2H, bul Lhe braaching rabio
has not been measured directly. Uncertainty is a factor of 2.

(R. F. Hampson, May 1884)

References

Braun, W., Bass, A. M., and Pilling, M., "Flash Photolysis of Keteme
and Diazomethana: The Production and Reaction Kineties of Triplet
and Singlet Methylene,"” J. Chem. Phys. 52, 5131 (1870)

Laufer, A. H., "Kinetics of Gas Phase Reactions of Methylene,” Rev. Chem.
Intermediates 4, 225 (1981)

-
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4., Thermodynamic Data Tables

Thermodynamic properties of H (Species No. 4)

J mol™ 1k kJ mol”!
Thermodynamic properties of Hy (Species No. 2) T/K Cp S AHg AGe
J mo1” k™1 kJ mo1”1 300 20.786 114.734 217.999 203.188
T/K Cy s ABg AGg 500 20.786 125.357 219.242 192.970
700 20.786 132.348 220, 463 182,247
300 28.844 130.754 0.000 0.000 800 20.786 137.574 221.656 171.167
500 29.259 145,628 0.000 0.000 1100 20.786 141.746 222.794 159.829
700 29.439 155,498 0.000 0.000 1300 20.786 145,218 223.857 148,285
900 29.907 162.950 0.000 ©.000 1500 20.786 148,183 224.836 136.587
1100 30.543 169.008 0.000 0.000
1300 31.338 174.172 0.000 0.000
1500 32.300 178.724 0.000 0.000 log K, = 3.04786 - 11787.9/T + 110229/T2 - 9.49409x108/13

May 1983
Stull, D. R., and Prophet, H., JANAF Thermochemical

Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C. 20402, 1971

Thermodynamic properties of 05 (Species No. 3)

May, 1983
Stull, D. R., and FProphet, H., JANAF 1 iemical
Tables, NSRDS-NBS 37, U.S. Governmen ing

Office, Washington D.C. 20402, 1971

Thermodynamic properties of O (Species No. 5)

J mol” 11 kJ mol™1 3 mol™ik"1 kJ mo1”1

T/K Cp S AHf AGf T/K CP S AHf AGf

300 29.384 205.213 0.000 0.000 300 21.903 161.088 249,207 231.664

500 31.091 220.589 0.000 0.000 500 21.259 172.092 250.496 219.597

700 32.982 231.3863 0.000 0.000 700 21.041 179.205 251.513 207.049

900 34.359 239.827 0.000 0.000 900 20.945 184.481 252.341 184.230
1100 35.309 246.818 0.000 0.000 1100 20.895 188.8677 253.038 181.243
1300 35.899 252.778 0.000 0.000 1300 20.866 192.1863 253.847 168.138
1500 \36.551 257.969 0.000 0.000 1500 20.845 195.150 254.186 154.942
May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C, 20402, 1971

log K, = 3.49514 - 13390.7/T + 102605/T2 - §.7986x105/T3

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C. 20402, 1971

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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Thermodynamic properties of OH (Species No. 6)

J mol"1x71 xJ mol™?

/K <y s AH, JY
300 29.978 183.782 39.463 34,7189
500 29.518 198.953 39.472 31.547
700 29.665 208.895 39.242 28.414
900 30.263 216.413 38.886 25.363
1100 31.125 222.568 38.518 22.397
1300 32.045 227.840 38.175 19.502
1500 32.916 232.488 37.865 16.652
log K, = 0.7388 - 1976.8/T - 18230.2/T2
May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical

Tables, NSRDS-NBS 37, U.S. Government Printing

Office, Washington D.C.

Thermodynamic properties of HO, (Species No. 7)

20402, 1971

J mo1” k1 kJ mol™}
T/K Sy s AHg AG¢
300 34,924 227.748 10.460 23.313
500 39.660 246.689 8.970 32.334
700 43,535 260.684 7.962 41.865
900 46.388 271.985 7.255 51.656
1100 48.585 281.516 6.770 61.576
1300 50.313 289.775 6.431 71.576
1500 51.672 297.077 6.192 81.613
log K, = -2.63079 - 284.219/T - 43292.4/T2
May 1983

Entropies and Heat Capacities from:

Prophet, H., JANAF Thermochemical Tables, NSRDS-NBS 37
U.S. Government Printing Office, Washington D.C., 20402,

1971

Enthalpy at 300 K from:

Soc. 102, 6937 (1980)

Stull, D. R., and

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986

Howard, C. J., J. Amer. Chem.

Thermodynamic properties of H,0O, (Species No. 8)

J mol 71 xJ mo17d

T/K Cp s By 26y
300 43,221 233.148 -136.135 -105.282
500 52.551 257.588 -138.344 -84.019
700 57.990 276.223 -139.515 -62.057
800 61.463 2981.236 -140.231 -39.827
1100 64.141 303.838 -140.674 -17.460
1300 66.400 314.741 -140.934 4.962
1500 68.325 324,381 -141.076 27.422
log Kp = -5,88575 + 7432.18/T - 50327.3/Tz

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing

Office, Washington D.C.

20402, 1971

Thermodynamic properties of H,O (Species No. 9)

J mol”™ 1k kJ mol”1
/K <, s aHg 264
300 33.585 188,929 -241.848 -228.518
500 35.208 206.413 -243.831 -219.078
700 37.464 218.610 -245.643  -208.844
900 39.945 228.321 -247.207 -198.121
1100 42.476 236,584 -248.492  -187.075
1300 44865 243.877 -249.508 -175.820
1500 46.999 250.450 -250.304 -164.419
log K, = -3.07833 + 13349.9/T - 237272/T% + 2.70819x107 /T3

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing

Office, Washington D.C.

20402, 1971
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Thermodynamic properties of CH, (Species No. 10)

1275

Thermodynamic properties of HCHO (Species No. 12)

J mol”1x"1 kJ mol”1 J mol” k"1 ¥J mol”1

T/K Cp s AHg AGg T/K <y s J3: 4G

300 35.710 186.368 -74.931  -50.668 300 35.459 218.878 -115.930 -109.863
500 46.342 206.911 -80.818  -32.823 500 43.765 238.810 -119.265 -104.885
700 57.794 224.354 -85.475  -12.744 700 52.321 254,935 -122.0684  -98.609
900 67.601 240.099 -88.730 8.489 900 59.199 268.948 -124.148  -91.621
1100 75.530 254,467 -90.776 30.321 1100 64.413 281.357 -125.501  -B4.241
1300 81.747 267.608 -91.927 52,446 1300 68.291 292.449 -126.561  -76.626
1500 86.559 279.659 -92.483 74.722 1500 71.182 302.436 -127.307  -68.873
log K, = -5.92153 + 5185.06/T - 305478/T2 + 2.22432x107 /T3 log K, = -2.12062 + 6921.06/T - 227782/T2 + 1.88123x107/7%
May 1983 May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing

Office, Washington D.C.

20402, 1871

Thermodynamic properties of CyHg (Species No. 11)

J mol” 171 xJ mol”!

T/K CP s AHf AGf

300 52.706 229.379 ~-84.098 -31.765

500 77.931 262.245 -93.303 5.812

700 89.127 291.968 -99.747 46.680

800 115,709 318,963 -103.784 89.090
1100 128.570 343.477 -106.073 132.202
1300 138.407 365.750 -107.123  175.628
1500 145,900 38b.1b62 <107.282 419,175

log l% = -11.6025 + 6208.35/T -

406650/T2 + 2.58726x107 /7%

May 1983

Gurvich, L. V., and Verta, I. V., Thermodynamic

Properties of Individual Substances, Vol. 2Pt 2,

Nauka, Moscow, 19789

Stull, D. R., and Prophet, H., JANAF Thermochemical

Tables, NSRDS-NBS 37, U.S. Government Printing

Office, Washington D.C.

20402, 1971

Thermodynamic properties of CO, (Species No. 13}

J mol” k™1 kJ mo1”1

T/K Cp s AHg A6,
300 37.221 213,915 -393.526 -394.413
500 44,627 234814 -393.677 -394.965
700 49.564 250.663 -394.003  -395.430
900 52.999 263,559 -394.426  -395.790
1100 55.409 274.445 -384.848  -396.049
1300 57.137 283,847 -395.258  -396.228
1500 58.079 292.114 - 395.647 -3906.342
log K, = 5.7984x1074 + 20726.6/T - 58681.1/T% + 6.05241x106/T3
May 1983

Stull, D, R., and Prophet, H., JANAF Thermochemical

Tables, NSRDS-NBS 37, U.S. Government Printing

Office, Washington D.C.

20402, 1971

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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Thermodynamic properties of CO (Species No. 14)

J mol” k71 kJ mo1”1

/K < s AHg 4G,

300 29.142 197.723 ~110.516 -137.331

500 28.784 212.718 -110.022 -155.410

700 31.171 222.953 -110.495 -173.502

800 32.577 230,957 -111.449 ~191.393
1100 33.710 237.609 -112.608 -209.041
1300 34.572 243.316 -113.880 ~-226.463
1500 35.217 248.312 -115.215 -243.680

log K, = 4.36583 + 6328.78/T - 280856/T2 + 4.24479x107 /T3

Thermodynamic properties of CHy (Species No. 16)

J mol™3k72 xJ mo1”!
T/K Cp S AHf AGf
300 38.752 194 .287 145,662 147,934
500 45.250 215.627 142.959 150,193
700 51.175 231.810 140,453 153.544
900 56.526 245,325 138.377 157.565
1100 61.187 257.132 136.792 161.996
1300 65.049 267.680 135.612 166.685
1500 68.153 277.215 134.721 171.548

log K, = -1.36355 - 6779.94/T - 228890/T2 + 1.98986x107 /T3

May 1983
Stull, D. R., and Prophet, H., JANAF Thermochemical

Tables, NSRDS-NBS 37, U.S. Govermment Printing
Office, Washington D.C. 20402, 1971

Thermodynamic properties of HCO (Species No. 15)

J mo1” 171 xJ mol™1
T/K Cp S AHf AGf
300 34,606 224,819 37.238 21.912
500 38.4286 243,354 36.229 11.945
700 42.288 256.910 34.815 2.473
900 45,551 267.943 33.313 - 6.573
1100 48.133 277.345 31.890 -15.288
1300 50.158 285.554 30.522 -23.753
1500 51.8631 282.838 28.121 -32.003

log K, = 2.16943 - 1478.55/T - 139809/T2 + 1.32283x107 /T3

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C. 20402, 1971

Thermodynamic properties of CyHg (Species No. 17)

J mo1”1x71 %J mot™1
/K Cp s - 264
300 50.739 1 248,291 118.485 145.532
500 71.864 279.223 111.483 165.586
700 88.910 306.235 106.269 188.217
900 102.115 330.239 102.680 212.125
1100 112.412 351.774 100.483 236.689
1300 120.374 371.230 88.232 261.546
1500 126.503 388.899 98,546 286,596

log K, = -6.71107 - 4667.5/T - 365544/T2 + 2.67921x107 /T3

May 1983

Entropies from: Stull, D. R., and Prophet, H., JANAF
Thermochemical T&bles, NSRDS-NBS 37, U.S. Government
Printing Office, Washington D.C., 20402

Eulbialpy at 300 K from: Denson, S. W., "Thermochemical
Kinetics,” John Wiley and Sons, New York, 1976

McMillen, D. F., and Golden, D. M., "Hydrocarbon Bond
Dissociation Energies" in ’Annual Reviews of Physical
Chemistry,’ B. S. Rabinovitech, Ed., Annual Reviews,
Palo Alto, CA, 413 (1982)

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986

May 1983

Frequencies and structure from: O’Neal, H. E., and
Benson, S. W., "Thermochemistry of Free Radicals," in
‘Free Radicals’, Vol. II, J.K. Kochi, Ed. (John Wiley
and Sons, New York, 1973) pg. 275

Enthalpy at 300 X from: Tsang, W., "Evidence for Strongly
Temperature-Dependent A Factors in Alkane Decomposition
and High Heats of Formation for Alkyl Radicals," Int. J.
Chem. Kinet. 10, 821 (1978)
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Thermodynamic properties of C,H, (Species No. 18)

J mol 11 kJ mo1~1
T/K < s AHg 864
300 43.062 219.488 52.405 68.454
500 62.480 245.107 46.610 80.831
700 77.714 269.676 42.250 95.345
900 89.203 280.654 39.212  110.935
1100 98,019 309,448 37.278  127.081
1300 104.784 326.398 36.141  143.520
1500  109.976 341.774 35.551  150.105

log K = ~4.40757 - 1566.51/T - 235391/T% + 1.14816x107 /T3

1277

Thermodynamic properties of CyH, (Species No. 20)

J mo1” k"1 kJ mol”1

T/K < s AHg £Gg
300 44,229 201.121 226.727  208.058
500 54,869 226.518 226.204  197.405
700 61.149 246.040 225.254  186.046
900 66.111 -  262.023 224,149  174.979
1100 70.245 275.705 223.145  164.155
1300 73.693 267.729 222.288  153.511
1500 76.530 298.478 221.589  142.997

log Kp = 2,75337 - 11526.3/T - 98540.1/'1‘2 + 9.571510x106/'1‘3

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C. 20402, 1971

Thermodynamic properties of C,Hj (Species No. 18)

J mo1” k"1 kJ mol”!
T/K Cp S AHg AG¢
300 42.032 226.781 286.186 280,441
500 55.559 251.500 282.504  277.650
700 £6.300 271.977 279.236  276.307
900 74.680 289,692 276.546  275.830
1100 81.249 305.340 274.516  275.885
1300 86.349 319.348 272.931  276.257
1500 90.295 331.992 271.575  276.880

log K, = -0.21822 - 13953.4/T - 261352/T2 + 2.1608x107 /7%

Mey 1083

Estimated frequencies and structures from ethylene and
acetylene: 3300(1), 3000(2), 1800(1), 1400(2), 800(2)
= -117 3. 6
700(1). Ixyz =2.12 x 10 g cm
Bead of formation from: Benson, S. W., "Thermochemical

Kinetics,” John Wiley and Sons, New York, 1976

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C. 20402, 1971

Thermodynamic properties of C,H (Species No. 21)

J mo1" 72 xJ mol”?

T/K Cp s AHg 2G¢

300 37.175 207.560 536.297  495.093

500 42.819 228.007 534.703  468.775

700 46.614 243,044 534,025 441,743

900 49.647 255.136 532.774  416.496
1100 52.082 265.345 531.343  390.794
1300 54,003 274.211 528.791  365.368
1500 55,497 282.048 528.075  340.188

log K, = 6.42265 - 27220.2/T - 338436/T2 + 5.05476x107 /T°

May 1983

Frequencies and structures from: Stull, D. R., and
Prophet, H., JANAF Thermochemical Tables, NSRDS-NBS 37,
U.S. Government Printing Office, Washington D.C. 20402,
1971

Enthalpy at 300 K based on work of: Okabe, H., and
Dibeler, V. H., "Photon Impact Studies of CZHCN and
CH3CN in the Vacuum UV; Heat of formation of CoH and
CH3CN," J. Chem. Phys. 58, 2430 (1973)

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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Thermodynamic properties of CHyCO (Species No. 22)

J mor" 71 kJ mol™l
T/K CP S AHf AGf
300 52.208 271.592 -10.209 1.389
500 69.563 302.432 -14.477 16.351
700 83.245 328,118 -17.841 20.907
900 93.504 350.339 -20.308 32.317
1100 101.144 369.0878 ~21.945 44,187
1300 106.8286 387.258 -23.054 56.304
1500 111.073 402.856 -23.907 68.580

log K, = -3.29796 + 1526.99/T - 246148/T2 + 1.88141x107 /T3

W. TSANG AND R. F. HAMPSON

Thermodynamic properties of CH;O0 (Species No. 24)

J mol” "1 kJ mo1”1
/K C s 2H, 46,
300 37.948 227.438 16.736 39.853
500 51.852 249,990 11.5690 56.777
700 64.321 269.504 7.870 75.563
900 73.885 286.872 5.506 85,240
i100 61.107 302.4306 4.197 115.332
1300 86.538 316.448 3.590 135.587
1500 80.630 329.130 3.402 155.921

log K, = -5.45644 + 199.555/T - 256104/T2 + 1.88549x107 /T3

May 1983

Estimated frequencies and moments of inertia from acet-
aldehyde: 420(1), 760(1), 900(2), 1400(3), 1740(1),
2720(1), 2950(2), 1 free rotor(4.4 x 10740 g cm?;
sym, 3), Iy, =8.5x 107116 gacm6

Enthalpy ocstimatod on the bacioc of the results of;
Watkins, K. W., and Word, W. W., "Addition of Methyl
Radicals to Carbon ﬂonoxide: Chemically and Thermally
Activated Decomposition of Acetyl Radicals," Int. J.
Chem. Kinet. §, 855 (1874)

Thermodynamic properties of CHz0, (Species No. 23)

J mo1" k™1 kJ mol™1
/K <, E ol 26¢
300 54,8603 282.9014 28,033 71.27¢9
500 74,551 295.750 23.924 101.387
700 88.697 323.227 21.744 132.809
900 98.742 346.791 20.941 164.674
1100 106.110 367.359 21,138 196.610
1300 111.579 385.551 21.966 228.442
1500 115.875 401.819 23.158 260.132

log K, = -8.35953 - 1046.41/T - 11981.8/T2 - 1.15581x107 /73

May 1983
Based on: Burcat, A., and Kudchadker, S., "Ideal Gas

Thermodynamic Properties for caao and CHZOH Radicals,"”
Acta Chim. Acad. Sci. (Hung) 101, 249 (1979)

Thermodynamic properties of 3CH2 {Species No. 2B)

J mo1” k"1 kJ mo1™l
T/K S s I3 86;
300 R4 827 194 033 386.384 360.125
500 37.664 212.430 385.422  357.845
700 40.807 225,593 384.037  347.054
900 44,049 236.241 382.635  336.670
1100 46.978 245.375 381,397  326.586
1300  49.380 253,425 380.321  316.716
1500 51.262 260.626 379.347  307.014

log Kp = 2.52768 - 19730.4/T - 136872/T% + 1‘306193(107/1'3

May 1883

Estimated frequencies and moments of inertia: 2830(3),
1400(2), -1350(1), 1100(1), 960(1), 900(2), 450(1),

300(1); I, = 72.0g3x 107117 g3

Xyz
Enthalpy at 300 K from: Benson, S. W., "Thermochemical

Kinetics," John Wiley and Sons, New York, 1876

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986

May 1983

Stull, D. R., and Prophet, H., JANAF Thermochemical
Tables, NSRDS-NBS 37, U.S. Government Printing
Office, Washington D.C. 20402, 1971
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5. Transport Properties

Parameters in the Lennard-Jones potential used to calculate

transport properties pertinent to unimolecular reactions.

Substance o (Angstroms) e/k (K)
Argon 3.542 93.3
Helium 2.551 10.22
Krypton 3.655 178.9
Neon 2.82 32.8
Air 3.711 78.6
Methane 3.758 148.6
Carbon Monoxide 3.690 91.7
Carbon Dioxide 3.941 195.2
Acetylene 4.033 231.8
Ethylene 4.163 224.7
Ethane 4.443 215.7
Hydrogen 2.827 59.7
Nitrogen 3.798 71.4
Oxygen 3.467 106.7
Sulfur Hexafluoride 5.128 222.1
Watex 2.641 804.1

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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log(k(Ar, 10)/k®) = -0.151 + 5.55x107%T - 4.295x107’T2 - 1,081x1071173
In the presence of ethane at 800-800 K, the reverse decomposition rates suggest that
step size in deactivation is of the order of 1000 em™1,
1o (k(CHg, 0.1)/ko) = -0.185 + 9.74x1074T - 1.31x107812 + 2.05x107207°
Log(k(CoHg, 1)/k®) = -0.20 + 8.2x107T - 7.96x107712 + 7.45x10 1113
10g(k(CyHg, 10)/k®) = -0.087 + 2.88x107“T - 1.58x107 71?2 - 5.84x10" 1113

On this basis we recommend:

Table A. Values of log(k/k®): dependence on concentration and temperature.

log (M) T/K .

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.0 -0.07 -0.23 =-0.45 ~-0.71 -0.89 -1.25 -1.52 -1.78 -2.03 -2.28 -2.51 ~-2.73
18.5 -0.03 -0.12 -0.29 -0.4Q -0.72 -0.95 -1.18 -1.42 -1.66 ~-1.889 -2.10 -2.31
7.0 -0.01 -0.06 -0.17 -0.32 -0.50 -0.68 -0.89 -1i.10 -1.31 -1.51 -1.71 -1.90
17.5 0.0 -0.03 -0.09 -0.19 -0.32 -0.47 -0.64 -0.8% -0.88 ~-1.17 -1.35 ~-1.53
18.0 0.0 -0.01 -0.04 -0.10 -0.19 -0.30 -0.42 -0.57 -0.72 -0.87 -1.03 -1.18
18.5 0.0 0.0 -0.02 -0.05 -0.10 =-0.17 =~0.26 -0.37 -0.49 -0.61 -0.74 -0.88
19.0 0.0 0.0 =-0.01 -0.02 -0.045 -0.09 -0.15 -0.22 -0.31 -0.40 -0.50 -0.61
12.5 0.0 0.0 0.0 -0.01 -0.02 =-0.04 =~0.07 -0.12 -0.17 ~0.24 -0.31 -0.39
20.0 0.0 0.0 0.0 0.0 -0.01 -0.02 -0.03 -0.06 -0.08 -0.13 -0.17 ~0.23
20.5 0.0 0.0 0.0 0.0 0.0 -0.01 -0.01 -0.02 -0.04 ~0.06 -0,09 -0.12
21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.01 -0.015 -0.02 -0.04 -0.05

Table B. Collision efficiency B; as a function of downward step size

and temperature.

T/X Step-size (cm™1)

150 300 600 1200 . 2400
300 0.31 0.46 0.56 0.865 0.80
500 0.18 0.30 0.40 0.50 0.69
700 0.11 0.20 0.29 0.39 0.59
200 0.07 0.14 0.21 0.30 0.50
1100 0.046 0.083 0.15 0.23 0.42
1300 0.031 0.069 0.11 0.17 0.35
1500 0.022 0.050 0.082 0.13 0.29
1700 0.015 0.036 0.061 .10 0.23
1900 G.011 0.026 0.044 0.076 0.19
2100 00,0074 g.018 ¢.,022 C.057 e.18
2300 0.0051 0.013 0.023 0.042 0.12
2500 0.0036 0.009 0.017 0.031 Q.09

(W. Tsang, October 1984)

References
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Constant for Methyl Radical Recombination," Combust. Flame 37, 313 (1980)
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17,1 CyHg +M = CjH, + M

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule om™3 k/cm3molecule-1s_1 factor
Kerr, Lloyd (1968) ko = 2,5x10 %exp(-20590/T)s ™1
review k, = 1x10”Bexp(-16000/T)

Commnents and Recommendations

The data on the forward reaction have been combined with results from lower temperature
studies on the reverse reaction to derive the rate expression for decomposition at the

high pressure limit. The recommended expression is ko = 109'69T1'199xp(-18722/T)s_1.

The k/k® values as a function of pressure and temperature are given in Table A for strong colliders.

Collision efficiencies as a function of downward step size and temperature can be found in Table B.

On the basis of experiments in the pressure dependent region we find at room temperature downward step
sizes of 80 cm ! for H,, 1000 cm™! for SFg, 300 em ! for Kr, 200 em™! for N,, 200 cm™* for

Ax ond, ot tho higher tomperature remges, 1000 om ! for ethame. Ovor the entire tomperature

range we suggest the use of a 450 ém'l step size down for N,. This leads to the

following fall-off factors:

log(k(N,, 0.1)/k®) = .0678 + 3.365x1074T - 1.844x107612 + 3.646x1071073
log(k(Ny, 1)/k®) = -.236 + 1.349x107°T - 1893x107 572 + 3.442x1071073
log(k(Ny, 10)/ke) = -,323 + 1,381x107%T - 1,457x107612 + 1,882x1071013

- For ethyl, a 1000 cm™1 step size down leads to the fall-off factors:

log(k(CoHg, 0.1)/k®) = -.051 + 6.73x1074T - 1.707x107512 + 3.083x1071073
Log(k(CpHg, 1)/k®) = -.252 + 1.24x1075T - 1.56x107672 + 2.325x107 1013
log(k(C,Hs, 10)/k®) = -.228 + 9.107x107%T - 8.32x10777% + 5.016x10" 1113

The overall uncertainty is a factor of 2.

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986
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(W, Tsang, October 1884)

References

Kerr, J. A., and Lloyd, A. C., "Decomposition Reactions of Radicals,” Quart.

Rev. 22, S49 (1968)

Table A. Values of log(klkw): dependence on concentration and temperature.
log[M] T/K
300 500 700 800 1100 1300 1500 1700 1800 2100 2300 2500
16.00 -0.67 -0.84 ‘;1.11 ~1.45 -1.76 -2.07 -2.38 -2.66 . -2,93 -3.18 -3.41 -3.62
16.5 ~-0.35 -0.51 -0.77 ~-1.06 ~1.36 -1.66 -1.95 -2.22 ~-2.48 -~2.72 -2.94 -3.14
17.0 -0.17 -0.29 ~-0.50 -0.75 =-1,02 -1.,29 =-1.55 ~-1.81 -2.05 ~2.27 -2.48 —é.SB
17.5 =0.06 -0.15 -0.30 -0.31 -0.73 -0.96 ~-1.20 -1.42 ~1l.64 -1.85 -2.05 -2.23
18.0 ~0.02 -0.07 -0.17 -0.31 -0.49 -0.68 -0.88 ~-1.07 -1.27 ~1.45 -1.63 -1.80
8.5 -0.01 -0.03 -0.08 -0.18 -0.30 -0.44 -0.60 -0.76 -0.93 ~-1.09 -1.24 -1.39
19.0 -0.01 -0.01  -0.04 -0.09 -0.17 -0.27 -0.38 -0.51 -0.64 -0.77 -0.80 -1.02
1.5 0.0 -0.01 -0.01 -0.04 -0.08 -0.14 -0.21 -0.30 =-0.40 -0.50 -0.60 -0.70
20,0 0.0 0.0 0.0 -0.01 -0.03 -0.07 -0.11 -0.16 -0.22 -0.30 -0.36 -0.44
20.5 ¢.0 0.0 0.0 -0.01 -0.01 ~-0.03 -0.05 -0.08 -0.11 -0.15 -0.10 -0.24
21.0 0.0 0.0 0.0 0.0 0.0 -0.01 -0.02 -0.03 ~-0.05 -0.07 -0.08 -0.11
Table B. Collision efficiency B, as a function of downward step size
and temperature,
T/K Step-size (cm 1)
150 300 600 1200 2400
300 0.14 0.30 0.50 0.69 0.82
500 0.063 0.186 0.33 0.53 0.71
700 0.031 0.081 0.22 0.40 0.60
900 0.017 0.053 0.14 0.30 0.50
1100 0.0097 0.032 0.08 0.22 0.40
1300 0.0058 0.020 0.06 0.16 0.32
© 1500 0.0033 0.012 0.038 0.11 0.24
1700 0.0019 0.007 0.024 0.07 0.18
1800 0.0011 G.004 0.015 0.047 -0.13
2100 0.00065 0.0025 0.0089 0.030 0.087
2300 0.00036 0.0014 0.0052 0.018 0.057
2500 0.00021 0.0008 0.003 0.011 0.036
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17,2 CyHs + H, - CoHg + H

Conditions Reaction rate constant, Uncertainty
Rgference Temp. /K {M]/molecule om™3 k/t:mamo].ec:ule']'s_1 factor

lor K, = -1.826 ~ 834.87/T + 38706/T2 + 4.954x108/T3

Cao, Back (1982) 1111-1200  1.5x10%8 &, 6.7x10" Mexp(-11581/T) 1.5
10 ppm CoH,

Baldwin, et al. (1969) 713 (1-3)x1018 &, 2.8x10716 2
4-15% 0,, 2-3% C,HsCHO :

Reid, LeRoy (1968) 513-583  (1.6-6)x1018 H, 3.8x10" 1 2exp(-6898/T) 1.5
(2-7)x10%® C,H,

Boddy, Steacis (1961) 375-595  (4~13)x1017 3-pentanone-d;q 3.4x10713exp(-5690/T) 1.5

(4-9)x10"17 B,

Comments and Recommendations

The experimental results of Baldwin et al. have been rederived using their ratio for

k(CyHg + 0,)/k(CyHg + Hy) and the value for k(CoHg + Op) (17,3) published in 1880.

The data of Reid and LeRoy and those of Boddy and Steacie have been recalculated using

newer values for the rate of CZHS recombination {17,17]. No corrections have been

made for isotope effects. The results are consistent (to within 50%) with the numbers

derived from the reverse rate and equilibrium constant. This leads to k(CzHg + Hy = CoHg + H) =
10‘23'3°T3'sexp(-4253/T)cm°molecula’1s’1 with an uncertainty of a factor of 1.5 to 700 K,
and greater than 4 at 1200 K. The results of Cao and Back are a factor of 4 slower. The
activation energy is very high. The results are based on a number of assumptions.
Nevertheless their results raise the possibility that our estimated uncertainty

may be too optimistic,

(W. Tsang, May 1983)
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17,3 CyHs + Oy = CoH, + HO, (a)
+ C,H,0 + Of (b)

= Cz8s0 ()
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm 2 k/cmmolecule1s™1 factor
Baldwin, et al, (1880) 813 (0.6-6)x1018 k, = 1.28x10713 1.5
N3.0,,Hy,Collg
(t~C,Hg)yp k, = 1.4x10"12exp(-1950/T)
ky, = 1.0x1073exp(-3450/T)
Walker (1975) review 753 k, = 9x10714
896 ko = 1.6x10713
Plumb, Ryan (1981) 295 (2-34)x1016 k, = 2.1x10713 2
k, = 4.4x10712 5
C ts and R dations

The study of Baldwin et al. involved measuring Czﬂl., CZH“O, and butane yields in reacting
2,2,3,3-tetramethylbutane-Oy-ethane systems in boric acid .coated vessels. When this was
combined with earlier work on propionaldehyde oxidation at lower temperature they obtained
the rate expressions given above. Rate constants should be good to 502, There is probably
considerable uncertainty in the temperature dependence. The activation energy should

be small. Note that the recent room temperature value of Plumb and Ryan for ka

is a factor of 100 faster than is predicted by extrapolation of the expression based

on higher temperature data. At room temperature the addition reaction is much more
important than disproportionation. But due:to fall-off effects and the weak C-0, bond,
undex combustion conditions disproportionation will be more important. We recommend using
the expressions of Baldwin et al. for combustion purposes.

(W. Tsang, May 1983)
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17,4 Cylig % B CoBlg (a)
~+ CHy + CBy (b)
~ C,B, + Hy (c)

Conditions- : Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule em™3 k/cm:‘)mo.‘l.ecule_“I's‘1 factor
Cemilleri, et al. 503-753  (1-3)x1017 Ar ky = 6x10712 2
(1974) k, = 3x10712
Michael, et al. (1873) 300 (2.5-15)x1018 Be K 4pee = 3x10711 2
Kurylo, et al. (1870) 298 1.5x1018 He Kappee = 6x10711 1.5

C and R dations

Under the experimental conditions of the published work k(b) is the main reaction.

We suggest the use of an overall rate of 6.0x10'11cm3molecule'1s'1. The branching
ratio for ki /k, for strong collisions can be found in Table A. Table B contains

data on collision efficiencies. k., is the rate constant for a disproportionation
reaction. It should have no activation energy. For reaction in N, or polyatomics,

on the basis of a step size down of 500 em™! and 1000 em™! respectively, we recommend:

10B(ky /Ky (Ny, 0.1)) = -.88 + 2.641x1077T - 2.0x207 /17
Log(ky/k,(Ny, 1)) = -1.915 + 2.68x1073T - 2.35x107/12
Log(ky/k,(Ny, 10)) = -2,975 + 3.048x10™°T - 3,728x107 /12

and
log(ky/ky(CHg, 0.1)) = ~1.168 + 2.4275x1073T - 1.676x207 712
lor(ky /Ko (CoHg. 1)) = -2.142 + 2.60x107°T - 2.44x10" /12
Log(ky [k, (CoHg, 10)) = -3.263 + 3.061x1073T - 4.1136x107/T2

We estimate the uncertainty as a factor of 3.

Table A. Values of branching ratio kb/ka: dependence on concentration and temperature.

logiM] T/K

300 500 700 900 1100 1300 1500 1700 1800 2100 2300 2500
16.0 38 44 63 100 164 268 435 700 1102 16894 2540 3692
16.5 12 14 20.4 32.4 53 87 141 225 353 542 809 1176
17.0 3.9 4.6 6.8 11.0 18 29 47 75 118 177 262 37¢9
7.5 1.3 1.6 2.4 4.0 6.5 10 16.6 26 40 60 88 125
18.0 0.42 0.56 0.91 1.5 2.5 4 6.3 8.7 14.6 21.4 31 43.3
18.5 0.14 0.19 0.335 0.6z 1.04 1.7 z2.% 3.9 3.‘7 8.2 11.5 15.1
1.0 0.044 0.066 0.13 0.24 0.43 0.7 1.1 1.7 2.4 3.3 4.6 6.21
18.5 0.013 0.02 0.04 0.09 0.17 0.29 0.47 0.71 1.03 1.4 1.95 2.56
20.0 0.004 0.007 0.015 0.02 0.0€ 0.11 Q.10 0.30 .44 0.61 0.82 1.07
20.5 0.001 0.002 ©0.005 0.01 0.02 0.04 0.07 0.11 0.17 0.25 0.34 0.44
21.0 0.003 0.007 0.01 0.02 0.04 0.06 0.08 0.13 0.17
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Table B. Collision efficiency ﬂc as a function of downward step size

and temperature.

T/K Step-size (em™ 1y

150 300 600 1200 2400
300 0.15 0.31 0..52 0.70 0.83
500 0.972 0.18 0.35 0.56- 0.73
700 0.040 0.11 0.25 T 0.4 0.64
900 0.024 0.07 0.18 0.35 0.56
1100 0.015 0.05 0.13 0.28 0.48
1300 0.010 0.033 0.096 0.22 0.41
1500 6.9x1073 0.024 0.071 0.18 0.35
1700 4.8x1073 0.017 0.053 0.14 0.30
1900 3.4x1073 0.012 0.039 0.11 0.25
2100 2.4x1073 8.6x1073 0.029 0.085 0.20
2300 1.7x1073 6.2x1073 0.021 0.066 0.17
2500 1.2x1073 4.5x1073 0.016 0.050 0.13

(W. Tsang, October 1984)
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17,5 C,Hs + O - CH,CHO + H (a)
—~ HCHO + CH3z (b)

Conditions Reaction rate constant, Uncertainty
Roforence Tomp. /K (M} /molecule cm_a k/cmamolecula-ls-l factor
Hoyermann, Sievert 300 (0.610-3.2)::1015 He ka/k}J =5=%x1
(1979)
C ts and R dations

It is noteworthy that O does not abstract E from ethyl. In view of the well established rate

constant of 1.6x10710cm3molecule™ls™1 for the analogous CBy + O process, a similar value
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1176 W. TSANG AND R. F. HAMPSON

should hold here. The product distribution suggests 1,2 hydrogen migration to be of consid-
erable importance after addition. The uncertainty is a factor of 2.
{W, Tsang, May 1983)

References
Hoyermann, K., and Sievert, R., "The Reactions of Alkyl Radicals with Oxygen Atoms:
- Identification of Primary Products at Low Pressure," Symp. Combust. 17,
(Combustion Institute, Pittsburgh, 1978) 517

17,6 C,Hg + OB - C,H, + B,0 (a)
< CHy + H + HCHO (b)
~ CyHs0B (c)

C ts and R dations

In the absence of experimental results it would appear that both abstraction as well as
combination must be considered. Chemically activated ethanol can decompose to CZH& + HZO
as in (a) or via C-C bond cleavage to give producis as in (b). Unfortunately there have
been no determinations on the rate parameters.for water elimination from ethanol. Thus
the branching ratio for (a+b) and (¢) is highly uncertain. At temperatures in excess

800 K and 1 atm N, we suggest using: k, = ky = 4x10" 1 emBmolecule~1s ™1

The estimated uncertainty is a factor of 4.

(W. Tsang, May 1983)

17,7 CuHg + HOp ~ CHy + H,CO + OH (a)
= CyHg + 0, (b)
= CoHly + By0p (o)

C ts and R dations

There are no measurements on this system. We believe that addition will be considerabaly faster
than abstraction and this will be followed by rapid decomposition of the adduct. The rate
constant, k,, can be expected to be close to the collisional value ~4x10"emPmolecule™ 1571,
Reaction (b) is estimated to have a rate constant of 5x10 13cm3molecule™ls™1 and is

derived from the estimated rate for the reverse process. keaction (c) is estimated to have a
rate constant of -~‘5x10_13cmaﬂmlecule-]‘s"1 on the basis of disproportionation/combination

ratios for normal alkyl radicals. The estimated uncertainties are a factor of 2.
{W. Tsang, May 1983)
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17,8 C,Hg + Hy0, = C,Hg + HO,

log K, = -1.61927 + 3236.63/T - 64487.6/T% + 4.5404x108/T3

C ts and R dations

In the absence of measurements we have calculated rate parameters on the basis of the rate

of the reverse reaction and the equilibrium constant. This yields k = 1.45x10'1“exp(—490/'1')

3 -1.-1
s .

cm“molecule

Here as in the methyl radical case, the small rate parameters
lead one to suspect that the estimates used in determining the reverse rate expression are
in error. The uncertainty is a factor of 5.

(W. Tsang, May 1983)

17,8 CyHg + B0 ~ CyHg + OH

log K, = ~3.42 + 0.4 log T - 4013/T

Comments and Recommendations .

In the absence of experimental data, we recommend the rate expression

k = 5.6x107 1871 44axp(-10150/T)em®molecule 1s ™1 on the basis of the
recommendation for the rate of the reverse reaction CZHs + OH -+ CyHg + Hy0

(see data sheet 11,6) and the equilibrium constant expression derived in Cohen and
Westberg (1983), The uncertainty is a factor of 2.

(R. F. Hampson, May 1983)

References

Cohen, N.‘, and Westberg, K., "Chemical Kinetic Data Sheets for High-
Temperature Chemical Reactions,” J. Phys. Chem. Ref. Data 12, 531 (1983)

17,10 CyHg + CH, » CyHg + CHy

log K, = -.315613 ~ 1021.97/T + 5065/T2 + .21958x1067 /T3

Comments and Recommendations
In the absence of experimental data, on the basis of the well established
reverse rate [16,11] and the equilibrium constant we recommend
k = 1.43x107231% Y exp(-6322/T) em®molecule 1571
The estimated uncertainty is a factor of 2 up to 1000 K.
(W. Tsang, May 1983)
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17,12 CyHy HCBO -+ Colig + cHo

C ts and R dations

Rate constants for reactions of alkyl radicals with aldehydic hydrogens are remarkably

similar [J. A, Kerr and A, F. Trotman-Dickenson]. We recommend, in the ahsence of

direct measurements, the rate espression for methyl radical attack on formaldehyde:
K(C,Hg + HCHO = CpHg + CHO) = 9.2x1072172-81exp(-2050/T)en’molecule™1s™?

with an uncertainty of a factor of 2 up to 1000 X and a factor of 5 at 2500 K.

(W. Tsang, May 1983)

References

Kerr, J. A., and Trotman-Dickenson, A. F., "The Reactions of Alkyl Radicals," Progr.
React. Kinet. Vol. 1 (Pergamon Press, New York, 1961) pg 105

17,14 CyH5 + CO ~+ C HSCO

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule cm™> k/em°molecule 1s™2 factor
Watkins, Thompson 238-378  (3-75)x1017 ko = 2.5x10 PBexp™l/Ty/s 1.3
(1973) CO, azoethane

Ci ts and R dations

The rate constant expression of Watkins and Thompson should be used together with
the fall-off corrections for strong colliders given in Table A. Collision
eofficioncies can be found in Table B. It chould be noted that the weak

C-CO bond for this system implies that under most conditions the reverse

reaction is dominant. We estimate the uncertainty to be a factor of 2. Corrections
for weak collisions for Ny and for larger polyatomics (based on step size down

of 500 cm™! and 1000 cm 1 respectively) are as follows:

log (k(poly, 0.1)/kw) = 0,209 - 7.588x107%T - 1,892x107 512
log (k(poly, 1)/k@) = -0.181 + 1.38x107°T - 2.66x10 612
log (k(poly, 10)/k®} = -0.53 + 2.469x10° 9T - 2.705x10 512

log(k(N,, 0.1)/k®) = 0.577 - 2.01x1073T - 1.495x107 672

log(k(Ny, 1)/km) = 0.083 + 4,62x107%T - 2,52x107712
log(k(Ny, 10)/ke) = 0.423 + 2.296x107°T - 3.0299x107 612
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log (M} ’ T/K _

300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
16.0 =-1.47 -1.89 -2.33 -2.77 -3.14 -3.45 -3.,72 =-3.93 -4.10 ~--4.23 -4.34 =443
17.0 -0.67 -1.02 -1.43 -1.83 -2.18 -2.47 -2.73 -2.83 -3.10 -3.23 -3.34 =-3.43
18.0 .-0.19 -0.41 -0.71 -1.01 -1.30 -1.54 -1.77 -1.96 -2.11 -2.24 ~2.35. -2.44
18.0 -0.03 -0.10 -0.24 -0.41 -0.58 -0.74 -0.91 ~-1.05 -1.18 -1.29 -1.38 -1.46
20.0 -0.02 -0.05 -0.09 -0.15 -0.22 =-0.30 -0.37 -0.44 -0.50 -0.56 ~0.62
21.0 -0.01 -0.01 -0.02 -0.03 -0.05 =-0.07 -0.08 -0.10 -0.12 -0.14

Table B. Collision efficiency B, as a function of downward step size

and temperature.

/K Step-size (om™1)

150 300 600 1200 2400
300 0.11 - 0.25 0.44 0.64 0.79
500 0.032 0.092 0.22 0.40 0.60
700 0.010 0.034 0.098 0.23 0.42
900 2.9x1073 0.011 0.035 0.098 0.23
1100 7.6x107% 2.7x107° 9.8x1073 0.033 0.093

(W. Tsang, October 1884)

Refexences

Watkins, K. W., and Thompson, W. W., "Addition of Ethyl Radicals to Carbon
Monoxide. Kiﬁetic and Thermochemical Properties of the Propionyl Radical",
Int. J. Chem. Kinet. 5, 791 (1873)

2

17,15 CyHg + BCO + CyHg + CO (a)
 C,HCHO (b)

C s and R dations

There are no measurements. We recommend values similar to those for the corresponding
reactions of methyl radicals: k(C,Hg + HCO » C,Hg + CO) = 2x10™10cm®molecule™ds™1
and k(CyHg + HCO -+ C,HSCHO) = 3x10" Y emPmolecule ™ s™l.  The uncertainty is a factor

of 3. We have noted earlier that the disproportionation process for the methyl
radical seems exceptionally fast.

(W. Tsang, May 1983)

J. Phys. Chem. Ret. Data, Vol. 15, No. 3, 1986



1180 W, TSANG AND R. F. HAMPSON

Vo Cgn, b Gl o Gyl (e)
Colly + Cly = CHy + CoH, (b)

- Conditions ' Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/cmPmolecule 1s™1 factor
Gibian, Corley (1972) 298 kblka ~ 0.04

review

Comments and Recommendations
There are no direct measurements. However, one can combine recombination rates
for the reaction 2CH3 = CyHg and 2C5Hg + C Hyq which are well established over extended
temperature ranges and through the combination to cross combination ratio determine
ko = 4.7x10'11(300/T)0'520‘5cm3molecule_1s—1. The pressure dependence for strong
colliders is given in Table A. Collision efficiencies as a function of downward step
size and temperature can be found in Table B. The high temperature results for the reverse
reaction indicate downward step sizes of about 400 em™ ! for argon and 600 em™ ! for Kr.
We suggest the use of step sizes of 450 em ! for N, and 1000 em™ ! for larger polyatomics.
This leads to the following correction factors at 0.1, 1, 10 atms, and at temperatures in
excess of 900 K:
log(k,(Ny, 0.1)/k,®) = -0.487 + 1.985x1079T - 1.874x107812 + 2.121x1071073
Log(k,(Np, 1)/k,®) = -0.3184 + 1.137x107°T - 8.353x107 /12 - 2.156x107 %113
log(k,(Ny, 10)/k @) = -9.683x1072 + 2.233x107“T + 8.8824x107812 - 2.04g4x1071073
and
log(k,(CaHg, 0.1)/k,®) = -0.357 + 1.347x1073T - 1.126x107612 + 5 058x107 1173
Llog(k,(CaHg, 1)/k,®) =-0.213 + 6.91x107*T - 3.884x107 /T2 - &.8893x10” 112
log(k,(CaH®, 10)/k,®) = 2.899x1072 - 2.382x107%T + 4.771x207712 - 2, 557x107 1073
The overall uncertainty is a factor of 2.
The disproportionation channel (b) has been studied by many workers. The rate expression

is ky, = .04 k,® with an uncertainty of 10X.

Table A. Values of log(k/k®): dependence on concentration and temperature.
log{M] T/K

700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.0 -0.05 -0.17 -0.36 -0.62 -0.91 -1.22 -1.54 -1.85 -2.15 ~2.43
16.5 -0.02 -0.09 -0.23 -0.43 -0.87 -0.84 -1.22 -1.50 ~-1.77 =-2.02
17.0 -0.01 -0.05 -0.14 -0.28 -0.47 -0.69 -0.92 -1.17 -1.41 -1.64
17.5 -0.02 -0.07 -0.17 -0.30 -0.47 ~-0.66 =-0.87 ~-1.08 -1.28
18.0 -0.01 =-0.03 -0.09 -0.18 -0.30 ~0.45 -0.61 -0.78 ~-0.95
18.5 -0.01 -0.04 -0.10 -0.18 =-0.28 -0.40 -D.54 =-0.67
19.0 © -0.01 ;0.02 -0.04 -0.09 -0.16 ~0.24 -0.34 -0.43
19.5 -0.01 -0.02 -0.04 -0.08 -0.13 -0.18 -0.25
20.0 -0.01 -0.02 -0.03 -0.06 -0.08 -0.12
20.5 -0.01 -0.01 -0.02 -0.04 -0.05
21.0 -0.01 -0.01 -0.02
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Table B. Collision efficiency 8, as a function of downward step size

and temperature.

T/K Step-size (om™ 1y

150 300 600 1200 2400
300 0.14 0.3 0.5 0.69 0.82
500 0.065 0.16 0.33 0.54 0.71
700 0.033 0.095 0.22 0.41 0.61
900 0.018 0.057 0.15 0.31 0.51
1100 0.01 0.035 0.09 0.23 0.42
1300 0.006 0.021 0.065 0.16 0.33
1500 0.0036 0.013 0.04 0.11 0.25
1760 0.0021 0.0078 0.026 0.078 0.19
1900 0.0012 0.0046 0.016 0.05 0.13
2100 0.0007 0.0026 0.0084 ¢.031 0.0y
2300 0.00037 0.0012 0.0053 0.018 0.057
2500 0.00018 0.0075 0.0028 0.01 0.034

(W. Tsang, October 1984)

Reforoncos

Gibian, M, J., and Corley, R. C., "Organic Radical-Radical Reactions Dispro-

portionation vs Combination,"” Chem.  Rev. 73, 443 (1973)

17,17 C,Hs + C,Hg = C.Hyq (a)
C,Hg + C,Hg = CH, + Colg (b)

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M] /molecule cm 3 k/emPmolecule 1s™1 factor
Parkes, Quinn (1976)  300-850 k, = 1.4x10711 1.5

review of pertinent literature together

with modulation spectroscopy experiments
Kerr, Moss (1981) 300-673 kp/k, = 0.13

summary of over 30 experiments
Adachi, et al. (1979) 298 1,5%1018 azoethane k, = 2x1071%

in propane

- -11
Koy = 2.4x10

Comments and Recommendations

We suggest the use of the rate expression k, = 1.8%107 11 and ky = 0.23x10 1lem®molecule s

with an uncertainty of 302 over the temperature range 300-1000 K.

The instability of C2H5 at

higher temperature makes the small pressure dependence at high temperature and low pressure

unimportant for practical purposes.

(W. Tsang, May 1984)
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18,1 CyH, » C,H, + By (a)
= C,B5 + B (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp./K  [Ml/molecule cm™3 k/on®moLeculels ™1 factor
Kiefer, et al. (1983) 2300-3200 (1-3)x1018 xr k, = 2.5x10 %exp(~27900/T) 15
Ky, = 2.3x10 Yexp(-41180/T)
Tanzawa, Gardiner 2000-2500 (1-3)x1018 Ar K, = 4;9x10_7exp(-40900/T) 2
(1980) ky = 5x1077exp(-48140/T)
Just, et al. (1977)  1700-2200 (6-16)x1018 k. = 43107 xp(~36900/D) s
Ky = 6.3x10 7 exp(-49400/T)

Ci ats and R dations

There is strong evidence that the main reaction in ethylene decomposition involves
a molecular channel. Nevertheless, the sequence of reactions initiated by bond
breaking will result in the same products. We have extrapolated the experimental
data on the basis of RRKM calculations with the molecular process as the sole
decomposition channel. Results are given in Table A for strong collisions. Weak
collision effects are summarized in Table B. It is interesting to note that over the
entire experimental range the reaction is in the intermediate pressure region.

The high pressure rate expression from 1100-2500 K: ko = 1012"91'0'“"mrtp(-MoGﬂJ/T)S-1
with an uncertainty of a factor of 3.

We have found that the experimental results are consistent with a down step size

of 450 em™ ! for Argon and Krypton anq this is probably also appropriate for Nj.

For large polyatomics we suggest using a step size of 1000 om™ 1.

On this basis
the correction factors to the high pressure rate constants at 0.1, 1, and 10 atm
and temperatures in excess of 1000 K for N, (450 em™1 step size down) and C,H,

(1000 cm”1 step size down) are as follows:
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log(k(N,,0.1)/k@) = 1.064 - 1.174x1073T - 1.016x107/T2

log(k(N,, 1)/k®) = 0.437 - 2.0917x10”%T - 2.6622x107'T2

log(k(Ny, 10)/k®) = -0.162 + 5.156x107%T - 3.514x107/T2
and

log(k(poly;0.1)/k®) = 0.656 - 5.888x107%T - 1.871x10™ /T2

log(k(poly, 1)/k®) = 0.073 + 2.19643x1074T - 3.035x107712

log(k(poly, 10)/k®) = -0.32565 + 6.282x10™%T - 3.09822x10°/12
We estimate the uncertainties as a factor of 3.
With respect to the bond breaking reaction, we suggest the use of the experimen-
tally determined expression of Just et al. or Tanzawa and Gardiner in the 1700-2500 K
range with argon or N, as the third body. At the highest temperatures the expres-

sion of Kiefer is more appropriate.

Table A, Values of log(k/k®w): .dependence on concentration

and temperature.

log[M] T/K
1100 1300 1500 1700 1900 2100 2300

16.0 -0.68 -0.¢0 -1.11 -1.33 ~-1.54 -1.75 -1.96
16.5 -0.46 -0.64 -0.83 -1.02 -1;21 -1.40 -1.58
17.0 -0.28 -0.43 -0.58 -0.75 -0.91 -1.08 -1.24
17.5 -0.17 -0.27 -0.3¢ -0.52 ~-0.66 -0.80 =-0.94
18.0 -0.08 -0.16 -0.24 -0.34 -0.45 -0.56 -0.68
18.5 -0.04 -0.08 -0.13 -0.20 -0.28 -0.37 ~-0.46
19.0 -0.02 -0.04 -0.07 -0.11 -0.16 -0.22 -0.28
19.5 -0.01 -0.01 -0.03 -0.05 -~0.08 -0.12 -0.16
20.0° -0.01 -0.01 -0.02 -0.03 -0.05 -0.08
20.5 -0.01 -0.01- -0.02 -0.03
21.0 -0.01 -0.01

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/X Step-size (cm™l)

150 3ano £00 1200 2400
1100 0.017 0.053 0.14 0.30 0.50
1300 0.012 0.038 0.11 0.24 0.44
1500 8.4x1073 0.028 0.082 0.20 . 0.38
1700 6.1x1073 0.020 0.063 0.16 0.33
1900 4.5x1073 0.016 0.050 0.13 0.29
2100 3.4x1073 0.012 0.038 0.11 0.25
2300 2,5x1073 9.2x1073 0.031 0.084 0.21
2500 1.9x1073 7.1x1073 0.024 0.072 0.18

(W. Tsang, May 1983)
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18,2 C,H, + B, » CjHg + H

log Kp = 0.74436 - 14858.89/T ~ 19924.0/1‘2 + 0.58156x107/T3

Ci ts and R dations

There are no experimental results on the rate of this reaction. However, on the basis

of the rate of the reverse reaction k(CyHg + H = CoH, + Hy) = Bxlp'lzcmamolecule'ls'1
[Camilleri, P., Marshall, R. M., and Purnell, H., “"Reaction of Hydrogen Atoms with Ethane,"
J. Chem. Soc. Faraday Trans. I 70, 1434 (1974)] and the equilibrium constant we

suggest 1.7::10"118xp(-31030()/'1‘)c:luamcalst:ule'15'1 with an uncertainty of a factor of 3.

(W. Tsang, May 1983)

18,3 C,H, + O, - C,Hj + HO,

Ci ts and R dations

There are no measurements for the rate of this process. Following Walker’s estimates
for 0y, + alkane (Reaction Kinetics Vol I, (P. G. Ashmore, Sr. Reporter)), Chemical
Society, London, 1974, pg. 161) we assign a raté expression for the abstraction process
of k = 7x10 1lexp(-28000/T)cm molecule ™ 1s™1, with an uncertainty of a factor of 10.
There is, however, the possibility of a lower lying channel involving addition and
rearrangement prior to decomposition. Unfortunately we are not able to make any
predictions for this process.

(W. Tsang, May 1983)
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18,4 CyH, + B ~ Cs (a)

= C,Hy + Hy (b)
Conditions" Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule cm™3 k/cm3molacule_1s'l factor
(a) Lee, ot al. (1978) 198-320  ~1.5x101°9 Ar k,® = 3.67x10 Mexp(-1040/T) 1.2
Mihelcic, ot al. 300 ~2.5x1019 ar ko = 12.5x10713 1.3
€1975) :
Michael, et al. 300 6x1016 to 1.8x101° Be kK, = 16.1x10713 1.5
(1973) - also Hy,N,,Ar,Ne,Kr,SFg also as £(P)
Kerr, Parsonage 300-800 k@ = 1.6x10" exp(-1410/T)
(1972) review
(b) Just, et al. 2000 (6-16)x10%8 ar ky, = 2.5x10711 1.5
(1977) 1700 ky = 0.8x10711
C and R dations

(a) There is good agreement for the value of this rate constant at 300 K. Combining
this value with that for the reverse reaction at higher temperatures leads to
k(CoH, + H = CyHg) = 1.lonlO_A"'sTl'"gexp(-kggl'x)cmamnlecu.‘l.e;']'s_1
with an uncertainty of a factor of 1.3.
Throughout most of this range the reaction is in the intermediate pressure region and
the pressure dependence, in terms of logk/k® is given in Table A. Collision efficiencies
as a function of downward step size and temperature can be found in Table B.
The downward step sizes at room temperature are 80 el for Hy, 1000 em™! for SFg,
300 cm™! Kr, and 200 em™! for Ny, Ne and Ar. At higher temperatures the.results
for the reverse reaction yield a step size of 1000 cm-l Tfor ethane. Over the higher
temperature (>600 K) range we suggest the use of a 450 cm~1 step size down for “2- This
leads to the following correction factors:
log(k(N,, 0.1)/ke)= 0.068 + 3.375x10™*T - 1,844x107612 + 3, 65x1071073
Log(k(Np, 1)/k®) = -0.236 + 1.35x1073T - 1.99x107512 + 3.44x1071073
log(k(N,, 10)/k®) = -0.322 + 1.391x1073T - 1.457x107512 + 1.881x1071013
For larger polyatomics, a 1000 cm™ 1 stop sizo down loade to the correction factore:
log(k(poly, 0.1)/k®) = -0,051 + 6.73x107%T - 1.707x10701% + 3, 083x10"1073
log(k(poly, 10)/k®) = 0.252 + 1.24x107°T - 1.56x107572 + 2.33x1071073
log(k(poly, 10)/k@) = -0 228 + 8 11x10747 - 8 39%107712 + 5 01Ax107 113
The overall uncertainty is a factor of 2.
(b) The work of Just et el. is the only measurement of the rate constant
for this reaction channel. We have fit a BEBO calibration to these data
yielding ky = 2.2x1071812-536xp(-6160/T) cmmolecule™1s™1
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log[M] T/K

300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
1s6.0 -0.67 -0.84 -1.11 -1.45 -1.76 -2.07 -2.38 -2.66 -2.03 -3.18 -3.41 -3.82

16.5 -0.35 -0.51 -0.77 ~-1,06 -1.36 -1.66 -1.95 -2.22 -2.48 -2.72 -2.94 -3.14
7.0 -0.17 -0.29 -0.50 -0.75 -1.02 -1.29 -1.55 -1.81 -2.05 -2.27 -2.48 -2.68

17.5 -0.06 -0.15 -0.30 -0.51 -0.73 -0.96 -1.20 ~-1.42 ~1.64 -1.85 -2.05 -2.23
18.0 -0.02 -0.07 -0.17 -0.31 -0.49 -0.68 -0.88 -1.07 -1.27 ~-1.45 ~-1.63 -1.80
8.5 -0.01 -0.03 -0.08 -0.18 -0.30 -0.44 -0.60 =-0.76 -0.83 ~-1.08 -1.24 -1.38
1.0 -0.01 -0.01 -0.04 -0.09 =-0.17 -0.27 -0.38 =-0.51 -0.B4 -0.77 -0.90 -1.02
19.5 -0.01 -0.01 -0.04 -0.08 -0.14 -0.21 -0.30 -0.40 -0.50 -0.60 -0.70
20.0 -0.01 -0.03 -0.07 -0.11 -0.16 -0.22 -0.30 -0.36 ~-0.44
20.5 -0.01 -0.01 -0.03 -0.05 -~-0.08 -0.11 -0.15 -0.18 -0.24
21.0 -0.01 -0.02 -0.03 -0.05 -0.07 -0.08 -0.11

Table B. Collision efficiency ﬁc as a function of downward step size

and temperature.

T/K Step-size (cm™1)

150 300 600 1200 2400
300 0.14 0.30 0.50 0.69 0.82
500 0.063 0.16 0.33 0.53 0.71
700 0.031 0.091 0.22 0.40 0.60
800 0.017 0.053 0.14 0.30 0.50
1100 0.0097 0.032 0.09 0.22 0.40
1300 0.0056 0.020 0.06 0.16 0.32
1500 0.0033 n.012 0.038 0.11 0.24
1700 0.0019 0.007 0.024 0.07 0.18
1800 0.0011 0.004 0.015 0.047 0.13
2100 0.00065 0.0025 0.0088 0.030 0.087
2300 ) 0.00036 0.0014 0.0052 0.018 0.057
2500 0.00021 0.0008 0.003 -0.011 0.036

(W. Tsang, October 1984)
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18,5 C,H, + O -+ CHy + HCO

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule em™3 k/<:rr13mole(:ule'15"l factor
Herron, Huie (1973) 200-500 5.4x10" 12exp(-565/T) 1.2

evaln. 2908 8.1x107 13 1.2
Peeters, Mahnen (1973) 1200-1700  3x10%7 0,, 6.5-7.52 C,H,  3.8x1071lexp(-1360/T)
Atkinson, Pitts (1974) 300-392  2x10%8 ar 5.6x10"12exp(-640/T) 1.
Singleton, Cvetanovic  298-486 2x1018 11.6x10 *2exp(-845/T) 1.

(1976)
Atkinson, Pitts (1977) 298-439 . 7x1017 ar 9.2x107 Y2exp(-740/T) 1.
Nicovich, Ravishankara 298-940 2x1018 Ar 1.22x10" Y lexp(-8/0/1) 1.

(1982) (Arrhenius expression

given for 298-438 K)

Perry (1984) 294-820  2x1018 Ar 2.1x1071370-630xp(-690/T) 1.2
Cc ts and R dations

The recommendation of Herron and Huie (1973) was based on the results reported by
Davis et al. (1972) using the flash photolysis-resonance fluorescence technique over
" the temperature range 230-500 K, with additional room temperature determinations by
flash photolysis-kinetic absorption spectroscopy and by discharge flow-mass spectrometry.
The present recommendation is derived from a fit to those results, and those of Westenberg
and deBaas (1969) for T<500 K, Atkinson and Pitts (1974), Singleton and Cvetanovic (1976),
Atkinson and Pitts (1977), Nicovich and Ravishankara (1882) and Perry (1884).
The recommended rate expresion is 2.2x107 3671133635 (-215/T)cm®molecule 1s™) over the range
230-940 K with an uncertainty of 20%.
Until recently, on the basis of final product analysis and also low pressure studies with

mass spectrometric detection (Pruss et al. (1974), this reaction was thought to proceed

by O atom addition followed by H atom migration in the complex and C-C bond breaking to
give predominantly (95%Z) CHy + HCO with a minor channel to give HZCZO + Hz. However, recent
experiments have shown that the vinoxy radical CH,CHO is a major primary product of this

reaction.

Buss et al. (1981) in a crossed molecular beam study measured product angular

and velocity distribution for all detectable mass peaks. They concluded that the major
reaction channel proceeds by H atom elimination to give the vinoxy radical. The addition
reaction channel to give CHy + HCO was determined to be unimportant in their system.
Inoue and Akimoto (1981) have observed by laser induced fluorescence the vinoxy radical

produced in this reaction. Kleinermanns and Luntz (1981i) also observed this radical by laser

induced fluorescence in a crossed molecular beam study of this reaction. Hunziker et al.

(1981) studied this reaction in the 40-760 torr pressure range by a photochemical modulation
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spectroscopy technique. They monitored the transient absorption of CH,CHO and HCO radicals.
Their results indicated that the reaction produced CHZCHO with 36%Z yield and Cﬂa + HCO

with approximately a 55% yield throughout the pressure range studied. The formation

of the vinoxy radical as a major primary product has been firmly established but the
relative importance of the reaction chanmels under all conditions has not been determined.

(R. F. Hampson, May 1983)
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18,6 C,H, + OH ~+ CoH, + H,0 (a)
C,H, + OH(+M) - C,H,0H() (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm 3 k/cm°molecule 1571 factor
CODATA (1984) evaln.  200-300 ky = 9x10712 2

(high pressure limit)

Comments and Recommendations

The recommended rate expression for the abstraction reaction is k, = 2.6x10_2°T2‘75exp(-2100/1‘)
cm3mclecule_ls_1, with an uncertainty of a factor of 10. It is derived from a calculation using

t);e BEBO method as described by Brown (1981). This is the predominant reaction under combustion
conditions. At much lower temperatures the reaction proceeds by an addition mechanism for which

the recommended expression is that given in the CODATA(1984) evaluation. Under these low temperature
conditions the second order rate constant is pressure dependent with appreciable fall-off at
pressure below 200 torr He at room temperatures. This dependence upon pressure is largely
responsible for the apparent inconsistency among early results reported for various pressures

apd various diluent gases. In the neighborhood of room temperature the reaction proceeds

essentially completely by an addition mechanism with negligible contribution from abstraction
pathway.

(R. F. Hampson, May 1983)
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18,7 C,H, + HO, + CyH,O + OH

Conditions Reaction rate constant, Uncortainty
Reference Temp. /K [M]/molecule cm 3 k/cm®molecule”s™1 . factor
Baldwin. Walker (1981) 773 8.3x10”17
Walker (1974) review 773 2.4x10717
Lloyd (1974) review 300 ~1.6x10" %7

Comments and Recommendations
The only measurements from which this rate constant can be estimated are those on the addition

of olefins to oxidizing systems. The process is undoubtedly complex. One possibility
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is CoH, + HO, = CH,0H,t (1,-1), c,H,08t + C,H,0 + OH (2), where the rate constant is

given by the expression k = kok(k, + k_y). If we use kg ~ 1x10-129xp(-4000/T)cm3molecule—1s-l
as appropriate for an addition reaction, then at 773 K, kz/k-1 ~ 1x10_2. We suggest an
expression of the form: k = 1x10” exp(~4000/T)em®molecule™ s, If there is a pressure
dependence then CZH[’OZHi must be stabilized and this will represent an added complication.
Cbvicously, much moure date are needed. The estimated uncertainty is a factor of 3 at 773 K and
much larger if long extrapolations are used.

(W. Tsang, May 1983)
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18,14 CoH, + CO - CaHy + HCO

log K, = 1.9929 - 19901.94/T + 115062/T2 - 1.80896x107 /T3

C ts and R dations

There are no measurements on this system. On the basis of an assumed rate constant of

3.3x10"2em3molecule 1571 for the reverse reaction we f£ind for the rate of the forward

process, k = Z.5x10'1°exp(-45600/T)cm3molecule'ls_1, making it a very unlikely reaction
under all combustion conditions. The uncertainty is a factor of 5.

(W. Tsang, May 1983)
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18,16 C,H, + CHy - C,Hy + CH, (a)

hd nC357 (b)
Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule cm™3 k/cmsmolecule_ls_l factor
Kerr, Parsonage (1876) 365-650 k, = 7x10-13exp(-5590/T)

review
Kerr, Parsonage (1972) 400-500 ky = 5.5%x107 $3exp(-3877/T) 1.3

review
Cc ts and R dations
Data on the second process are much more extensive than on the first. However at
higher temperatures the important process will be (a). Our BEBO calculations
match the results quite closely. A fit has been made by changing the activation
barrier slightly. This leads to k(CH3 + CZHA = CH, + CZHS) =
1.1x10-23’1‘3'7exp(-4780/T)cm3molecdle'ls_1 with an uncertainty of a factor of 2.
(W. Tsang, May 1884)
References
Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetic Data on Gas Phase Addition

Reactions: Reaction of Atoms and Radicals with Alkenes, Alkynes and Arocmatic

Compounds," (Butterworths, London, 1972)
Kerr, J. A., and Parsonage, M. J., "Evaluated Kinetic Data on Gas Phase Hydrogen-

Transfer Reactions of Methyl Radicals,"” (Butterworths, London, 1976)
18,17 Czﬂk + CZHS = CoHg + CZBS (a)

+ 1-C4Hg (b)
Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /fmolecule cm™3 k/cm°molecule” 1571 factor
(a) Halstead, Quinn  ~ 798-924  (1.1-17)x10%7 C,H, k, = 6x10”3exp(-8358/T) 3
(1968)

(b) Kerr, Parsonage ky = 2.5x107 Bexp(-3675/T) 1.2

(1872) review

Comments and Recommendations

(a) The study by Halstead and Quinn is the only published report on the rate

for this process. It is derived from studies on the pyrolysis of ethylene and
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depends on the interpretation of the mechanism. We have revised the expression from
that published in order to reflect better established values for k(1-C,Hg - CzHg + CHy)
and k(2C,Hg = CHy1g). A fit of the data has been made on the basis of BEBO calculations
through a small variation in the activation barrier. This leads to

k, = 1.05x10_21T3'laexp(‘QDSBIT)cmamolecule_ls'l. The estimated uncertainty is a
factor of 10.

(b) It should be noted that in most combustion processes the reverse reaction will
predominate over the radical combination.

(W, Tsang, May 1983)
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18,18 C,H, + CoH, Czﬁa + CyHg

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm 2 k/cm®molecule is™1 factor

log K, = 1.88585 - 15427.88/T - 156114/T% + 2.5437x107 /T3

Boyd, et al. (1968) 1x10 " Sexp(-32200/T)
(estimate based on

reverse process)
Ayranci, Back (1081) 700-773 <1-8>x1018 c u, 2.4%10 8exp(-33800/T)

Comments and Recommendations
Using the rate of the reverse process (19,17) and the equilibrium constant, we find
k(CoH, + CoH, =+ CoHy + CoHg) = 8x10 *Cexp(-36000/T)em®molecule™ s ™ with an uncertainty

of a factor of 10. This expression is at wide variance with the observations of
Ayranci and Back.

(W. Tsang, May 1984)
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19,1 czna+H—'czﬂz+H+H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M}/molecule cm 3 k/cmPmolecute 1571 factor
log 1&} = 5,777 - 8952.6/T + 9‘0313.5/'1'2
Benson, Haugen (1967) 1300-1800  2.8x10%° 1.3x10 Sexp(-15860/T) 10
[Skinner, Sokoloski  1100-1800 2.8x1019 ar
(1960)) 0.5-62 ethylene
C ts and R dations

There are no direct measurements for this reaction. The work of Benson and

Haugen is based on an analysis of the work of Skinner and Sokoloski. The
determination of the rates of the reverse reaction is in the temperature range

of 193 to 400 K. We have fit the results on the basis of RRKM calculations

using these results as a basis. We find, on a strong collision basis,

ky = 107'ua(ll'l‘)a‘wexp(-21712/T)cm3molecuie'ls'1. The corrections for pressure
effects can be found in Table A. Collision efficiency as a function of temperature
and step size can be found in Table B. The pnramat.érs from Benson and Haugen suggest
a down step size for argon of ~150 cm 1. We believe a more appropriate step size down
for Ny is 450 em ! and 1000 cm~! for polyatomics. This leads to the

following rate expressions for T>600 K:

k(Ny, 0) = 1037-847°7.490x5(-22917/T) cm®molecule™1s~1

log(k(N,, 0.1)/k(N,, 0)) = -1.689 + 2.889x107°T - 1.642x107 612 + 3.045x1071073
Llog(k(Ny, 1)/k(Np, 0)) = 3,00 + 4.676x107°T - 2.511x107512 + 4.497x1071073
log(k(N,, 10)/k(Np, 0)) = -4.347 + 5.981x1073T - 2.954x1076T2 + 4.994x1071073

and with CgoHz or similar polyatomics:

K(CpHg, 0) = 1016-87776.94 655 (-22863/T) cm3molecule™1s ™1

log(k(CyHy, 0.1)/k(CoHg, 0)) = -1.97 + 3.08x107°T - 1.671x1075T2 + 3.01x1071073
log(k(CoHy, 1)/K(CyHa, 0)) = -3.277 + 4.636x1073T - 2.347x107%72 + 4.056x1071073
1log(k(CyH;, 10)/k(CzHz, 0)) = -4.542 + 5.544x107°T - 2.505x107 872 + 3.99x1071073

The rate constants are very much dependent on the uncertain thermochemistry for the vinyl

radical. We estimate an uncertainty of a factor of 10 below 1000 K decreasing to
a factor of 3 at 2500 K.

1193
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Table A. Values of log(k/k®): dependence on concentration and temperature.
log(M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.0 -0.14 -0.10 -0.08 -0.06 -0.05 -0,04 -0.04 =-0.03 -0.03 -0.02 =0.02 -0.02
16.5 -0.28 ~-0.19 -0.16 -0.12 -0.10 -0.08 -0.08 -0.06 =-0.06 -0.04 -0.04 -0.03
17.0 -0.48 -0.34 -0.27 -0.22 -0.18 -0.16 =-0.14 =-0.11 -0.10 -0.07 -0.07 -0.06
7.5 -0.76 -0.55 -0.44 -0.36 -0.30 -0.25 -0.22 -0.18 -0.16 -0.12 -0.11 -0.0S
18.0 -1.15 -0.83 -0.64 -0.54 -0.45 -0.38 -0.32 -0.27 -0.23 -0.18 -0.16 -0.14
18.5 -1.67 -1.17 -0.94 -0.76 -0.64 -0.53 -0.46 ~0.38 -0.33 -0.26 -0.23 -0.20
1¢.0 -2.13 ~-1.56 -1.26 -1.04 -0.87 -0.73 -0.63 -0.52 -0.46 -0.37 -0.33 -0.28
19.5 -2.61 -1.99 -1.64 -1.37 -1.14 -0.98 -0.85 -0.71 -0.62 -0.52 -0.46 -0.39
20.0 -3.10 -2.46 -2.07 -1.75 -1.47 -1,28 -1.12 -0.95 -0.83 -0.71 -0.63 -~0.55
20.5 -3.60 -2.94 -2.53 -2.18 -1.88 -1.64 -1.42 -1.24 -1.10 ~-0.95 ~-0.85 -0.75
21.0 -4.10 -3.43 -3.02 -2.64 -2.30 -2.05 -1.80 -1.59 -1.42 -1.25 ~-1.12 -1.00

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (em™1)

150 300 500 1200 2400
300 0.15 0.31 0.51 0.69 0.83
500 0.069 0.17 0.35 0.55 0.72
700 0.037 0.10 0.24 0.43 0.63
900 0.022 0.066 0.17 0.34 0.54
1100 0.013 0.043 0.12 0.26 0.46
1300 8.5x1073 0.028 0.083 0.20 0.38
1500 5.6x1073 0.018 0.059 0.15 0.32
1700 3.7x1078 0.013 0.042 0.12 0.26
1900 2.5x1073 ox1073 0.03 0.087 0.21
2100 1.7x1073 6.2x1073 0.021 0.065 0.17
2300 1.2x1073 4.3%1073 0.015 0.048 0.12
2500 7.9x107% 3.0x1073 0.011 0.035 0.10

(W. Tsang, October 1984)
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19,2 C,Hy + H, + C,H, + H

log K, = -1.14149 + 568.99/T + 136190/T2 - 2.4092x107 /T3

Comments and Recommendations

There are no direct measurements for the rate of this process. From the equilibrium constant
and the rate of the reverse reaction we derive k = le(]'zo'l‘z‘aaexp(—6298/T)cm3molecule_ls‘1.
The uncertainty is a factor of 10.

(W. Tsang, May 1883)

19,3 C,Hy + Oy + CoH, + HOy (a)
+ CoH30, (b)

Comments and Recommendations

There are no measurements on the rates of these processes. By analogy with the reactions of ethyl
radicals we estimate k, = 2x10"13cmPmotecuie™1s™1 and ky = 1x10" Mem®motecule s, Under
combustion conditions the reverse of (b) predominates, making (a) the more important process. The
uncertainty is a factor of 5.

(W. Tsang, May 1983)

19,4 CyH3 + H » CyH, + Hy (a)
~+ C,H, (b)

Comments and Recommendations

There are no experimental results on the rates of these processes. However, in view of the low
lying molecular channel for ethylene decomposition (18,1) and on the basis of RRKM calculations it
appears that the disproportionation channel (a) will be the most important with a rate constant in
the region of k(CyHy + H = CyH, + Hy) = 1.6x10 %emimolecule™ts™? with an uncertainty of a

factor of 2.5.

{W. Tsang, May 1983)

18,5 CyHy + 0 —+ CH,CO + H

[of 1its and R dations
There are no measurements on this process. On the basis of data on the reactions of methyl
and ethyl radicals, rates can be expected to be fast = 1.6x10” 19em®molecule 172,

The mechanism involves atom addition followed by adduct decomposition. Uncertainty

is a factor of 3.

(W. Tsang, May 1983)
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19,6 C,Hy + OH =+ Hy0 + C,H, (a)
- CHZCHO (b)

C ts and R dations

There are no measurements on the rate constants for these processes. They should both be
close to collisional values ~ 5x10 lcm®molecule”ls™). Step (a) is an abstraction
process, while step (b) involves combination followed by rearrangement. The uncertainty
is a factor of 3.

(W. Tsang, May 1983)

18,7 CyHz + HO, - OH + CH,)CO + H

Comments and Recommendations

Tn the ahsaenca of er;;arimant.al data and since the compatiﬁg abstraction reaction should
be quite slow in comparison to additon, we postulate the reaction to proceed by an
addition mechanism with rapid decomposition of the hot adduct. The overall rate
constant can be expected to have a neér collisional value ~ 5x10” 1 emPmolecule 1571
with an uncertainty of a factor of 3.

{W. Tsang, May 1983)

18,8 CyHz + By0, + CoH, + HO,

Ci ts and R dations

In the absence of experimental results we estimate this rate constant to be similar to that
for the methyl abstraction reaction ~2x10” 1%exp(300/T)cm®molecule 1s™! with an uncertainty
of a factor of 10.

(W. Tsang, May 1983)

19,9 C,H; + H,0 -+ C,H, + OH

Comments and Recommendations

There are no reported measurements on this reaction. We suggest the use of
a rate wxpressiovu similar Lo thal Lor methyl radical ablack vn waler,
K(CyHy + Hy0 » C,H, + OH) = 8x1072272-%exp(-7480/T)cmomolecule 1s™ with an
uncertainty of a factor of 5 at temperatures Above 1000 XK and larger at
lower temperatures.

(W. Tsang, May 1983)
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18,10 CoHy + CH, = CpHy + CH3

log K, = 0.36863 + 381.89/T + 102548/T% ~ 1.2471x107/1°

Comments and Recommendations

There are no reported measurements on the rate of this process. We have
used the rate expression for the reverse reaction and the equilibrium
constant to. determine the rate expression k(C,H; + CH, + C,H, + CHy) =
2.4x10—zl"1""Ozexp(-2754/T)cm3molecule-1s—1. The uncertainty is a factor
of 5 at temperatures in excess of 1000 K and larger at lower temperatures.
(W. Tsang, May 1983)

18,11 CyHy + CyHg + C,H, + Cofig

log K, = 0.68488 + 1403.86/T + 97484/T2 - 1.46668x107 /T3

Comments and Recommendations

In the ebsence of exper.iment.al results we have utilized the rate of the reverse
‘reaction [18,17] and the equilibrium constant to yield k(CyHg + CyHg = CpH, + Colg) =
10_21T3‘33xp('5285/T)cmamolecule_ls_l. The uncertainty is a factor of 5 at
temperatures in excess of 1000 K and larger at lower temperatures.

(W. Tsang, May 1983)

18,1z CpH5 + H,CO -~ C,H, + HCO

Comments and Recommendations

In the absence of any direct measurements, we make use of the rate expression for methyl
abstraction (16,12) and note the similarities of the rates of abstraction of aldehydic
hydrogen by alkyl radicals. (J. A. Kerr and A. F. Trotman-Dickenson, Progr. React.
Kinet., Vol. 1, G. Porter and B. Stevens. ed.. Pergamon Press. New York, 1961).

This leads to the rate expression 9x10 21T2-8lexp(-2950/T)cm®molecule™ts L,

The uncertainty is a factor of 5 at temperatures in excess of 1000 X and larger

at lower temperatures,

(W. Tsang, May 1983)
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18,14 C,Hy + CO - C,B,CO

Comments and Recommendations

There are no measurements on this reaction. We estimate the enthalpy of reaction

to bo 117 kJ mol™l, The high pressure rate parameters should be close to that for

ethyl + CO or 2.5x10  1Pexp(-2420/T)cm molecule™ls™!. The reaction is in the fall-

off region under all conditions. The pressure dependence can be found in Table A.

Collision efficiencies as a function of step size and temperature are summarized in

Table B. Assuming a step size down of 450 em ! for N2 and 1000 cm™! for a polyatomic

similar to CpH3CO we find the following correction factors at 0.1, 1, and 10 atm respectively:
log(k(N,, 0.1)/k®) = -0.129 + 1.07x107°T - 2.099x10" %12 + 3.858x107 1013
log(k(Ny, 1)/k®) = -0.34 + 1.5812x1073T - 1.848x107512 + 2.785x107 1073
Llog(k(N,, 10)/ke) = -0.277 + 1.068x1073T - 9.225x107 /12 + 4.606x10” 1113

and
log(k(poly, 0.1)/ke) = -0.190 + 1.136x1075T - 1.784x10 572 + 2.934x1071073
log(k(poly, 1)/k®) = -0.282 + 1.208x107°T - 1.256x107572 + 1.371x1071072
log(k(poly, 10)/k®) = -0.14 + 4.757x1074T - 2.820x1077T2-8.537x10” 1173

The estimated uncertainty is a factor of 5.

Table A. Values of log(k/k®): dependence on concentration and temperature.

logiM] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100. 2300 2500
16.0 -0.27 ~-0.5 ~0.786 -1.06 -1.36 -1.63 -1.90 -2.15 -2.38 ~2.59 -2.78 -2.96
16.5 -0.13 -0.28 -0.5 -0.75 =-1.01 -1.26 -1.50 -1,73 ~1.94 -2.14 -2.32 -2.50
17.0 -0.05 -0.15 -0.3 -0.50 -0.71 -0.82 -1.13 -1.33 ~1.53 -1.71 -1.87  -2.02
7.5 -0.02 ~-0.07 -0.17 -0.3 -0.46 -0.63 -0.81 -0.08 -1,15 -1.30 -1.45 1.59
18.0 -0.01 -0.03 -0.08 -0.16 -0.27 -0.39 -0.53 -0.67 -0.81 -0.94 -1.07 -1.18
18.5 -0.01 -0.03 -0.08 -0.14 -0.22 -0.32 -0.42 -0.52 -0.62 -0.72 -0.82
19.0 -0.01 -0.03 -0.06 -0.11 -0.17- -0.23 -0.30 -0.37 -D.44 =0.52
19.5 -0.01 -0.03 -0.05 -0.07 -0.11 -0.15 =-0.19 -0.24 -0.28
20.0 -0.01 -0.02 -0.03 -0.04 ~0.06 -0.09 -0.11 --0.13
20.5 -0.01 -0.01 -0.02 -0.02 =-0.03 -0.04 -0.05
21.0 ' -0.01 -0.01 -0.01 -0.01 -0.02

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY 1199

Table B. Coliision efficiency B, as a function of downward step size

and temperature.

T/K Step-size tem™ 1y

150 300 600 1200 2400
300 0.14 0.29 0.49 0.68 0.82
500 0.059 0.15 0.32 0.52 0.70
700 0.029 0.084 0.20 0.38 0.59
900 0.0149 0.047 0.13 0.28 0.48
1100 7.9x10"1%  0.027 0.079 0.19 0.37
1300 4.2x1073 0.015 0.048 0.13 0.28
1500 "2.3x%1073 8.4x1073 0.028 0.083 0.20
1700 1.2x1073 4.6x1073 0.016 0.051 0.14
1900 6.6x107% 2.5x1073 9.1x1073 0.030 0.088
2100 3.4x107% 1.3x1073 4,9x1073 0.017 0.17
2300 1.8x1074 6.9x107% 2.6x107° 9.5%1073 0.031
2500 8.9x1074 3.5%1073 1.35x107°  5.0x107° 0.017

(W, Tsang, October 1984)

18,15 CyHy + HCO - C,H, + CO (a)
+ C,H5CHO (b)

Comments and Recommendations

There are no rate measurements on these reactions. We suggest values similar to those for
methyl + formyl interactions, k, = 1.5%x10"%m3molecule™s™! and ky = 3x10” Hem3molecule ™ 1s71
with an uncertainty of a factor of 3. Due to the small size of acrolein, kb at higher

temperatures will be in the fall off region thus further enhancing ka. Uncertainty is
a factor of 3.

{W. Tsang, May 1983)
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LB Cglly b Gy~ GgHy + CHy (R)
=+ CgHg + B (b))
—+ C3Hg (c)

Comments and Recommendations
There are no direct measurements on these processes. We assume that the disproportionation/combination
ratio will be similar to that for CEj + CyH5. This leads to k, = 6.5%10 13em®molecule™ s with an
uncertainty of a factor of 3. The results for combination and the chemically activated
decomposition are summarized in Tables A and B with ky, (®) = 4.2x10" len®molecule™ts™t,
Collision efficiency as a function of temperature and step size can be found in Table C.
We suggest using a down step size of 450 cm ! for N;, 0, Ar and 1000 em™! for larger polyatomics.
Uncertainties are a factor of 3. As can be seen in Table A, the pressure dependence for kb+c is
small. We recommend at 1 atm and with a polyatomic third body the correction factor:
log(ky 4 o(poly, 1)/kp 4 o® =-0.177 + 6.687x107%T - 6.040x107712 + 1.07234x10"1073

Within a facter of 1.5, it is also applicable for 0.1 and 10 atm and for N, at 0.1, 1, and 10 atm
The branching ratio is strongly pressure dependent. The decomposition (b) to stablization (c)
ratios for Nz and polyatomics at 0.1, 1 and 10 atm are:

Log(ky/ko(Ny, 0.1)) = 10727-7778.664,5(1630/T)

Log (ky/ky(Ny, 1)) = 10727-9578.52¢x5(1248/T)

Log(ky /k (Ry, 10)) = 10730.7619.164x5(1379.3/T)
and

log(ky/ko(poly, 0.1)) = 10726.2578.07gxy (1338, 5/T)

log(ky/ke(poly, 1)) = 10728.0778. 4235 (1268/T)

log(ky/k (poly, 10)) = 10732.0979.41g,5(1650/T)

Uncertainties are a factor of 5

Table A. Values of loz(ky,,/kp;.®): dependence on concentration and tempaeratura.

logiM) T/K

700 800 1100 1300 1500 1700 1800 2100 2300 2500
16.0 -0.07 -0.17 -0.28 -0.38 -0.47 -0.53 ~0.57 =-0.60 -0.61 ~0.61
16.5 -0.04 =-0.11 -0.20 -0.29 -0.39 -0.47 -0.53 -0.57 -0.58 -0.80
17.0 -0.02 -0,06 -0.12 -0.21 -0.30 -0.38 =—0.46 =-0.51 -0.55 =0.57
17.5 -0.01 -0.03 -0.07 -0.12 -0.20 -0.29 -0.37 -0.43 -0.49 -0.52
18.0 -0.01 -0.03 -0.07 -0.12 -0.19 -0.27 -0.33 -0.33 -0.44
18.5 -0.01 -0.03 -0.07 -0.11 =-0.17 =-0.23 -0.30 -0.35
19.0 -0.01 -0.03 -0.08 -0.10 -0.14 -0.18 =-0.24
18.5 -0.01 -0.03 -0.05 -0.07 -0.10 -0.14
20.0 -0.01 -0.02 -0.03 -0.05 -0.07
20.5 -0.01 -0.02 =-0.02 -0.03
21.0 -0.01 -0.01 -0.02
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Table B. Values of branching ratio k(decomp)/k(stabl): dependence on concentration and

temperature.

logM] T/K

300 500 700 800 1100 1300 1500 1700 1900 2100 2300 2500
16.0 0.006 0.02 0.12 0.28 0.56 1.04 1.89 3.41 6.12 10.81 19.3 33.5
16.5 0.002 0.008 0.052 0.13 0.27 0.50 0.80 1.56 2.73 4.7 8.0 13.3
17.0 0.003 0.02 0.056 0.12 0.24 0.44 0.76 1.28 2.1 3.5 5.7
'17.5 0.007 0.023 0.056 0.12 0.21 0.37 0.62 1.0 1.62 2.5
18.0 . 0.008 0.024 0.05 0.10 0.18 0.31 0.50 0.78 1.18
18.5 0.0017 0.008 0.02 0.048 0.088 0.15 0.25 0.38 0.57
18.0 0.002 0.008 0,021 0.041 0.07 0.12 0.184 0.27
19.5 0.008 0.017 0.03 0.054 0.086 0.13
20.0 0.004 0.013 0.023 0.034 0.056
20.5 0.0014 0.003 0.0087 0.014 0.022
21.0 0.001 0.002 0.003 0.015

Table C. Collision efficiency Bc as a function of downward step size

and temperature.

T/K . Step-size (em™1)

150 300 600 1200 2400
300 0.14 0.28 0.49 0.68 0.82
500 0.065 0.17 0.33 0.54 0.72
700 0.036 0.10 0.24 0.43 0.62
900 0.022 0.0860 0.17 0.34 0.54
1100 0.013 0.043 0.12 0.26 0.46
1300 8.7x1072 0.029 0.084 0.20 0.39
1500 5.7x1073 0.020 0.061 0.16 0.32
1700 3.8x1073 0.013 0.043 0.12 0.26
1900 2.5x1073 9.2x1073 0.031 0.088 0.21
2100 1.7x1073 6.3x1073 0.022 0.066 0.17
2300 1.1x1073 4.3x1073 0.015 0.048 0.13
2500 7.5x107% 2.9x107° 0.010 0

.034 0.097

(W. Tsang, October 1984)
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19,17 CpHy + C,Hs » 1-C,Hy (a)
~ CzHg + CHy (b)
=~ Cally + CoHy (o)
= C,H; + CyHg (d)

Conditions Reaction rate constant, Uncertainty
Reference - Temp. /K {M] /molecule cm 3 k/cm°molecule”is™1 factor
Ibuki, Takezaki (1975) 298 2.3x1019 B, kg/k, =0.68
‘kylk, =0.37
J T 434~448 9x10 .
ames, Troughton x1047 ky/k, =0.12
(1866) 1.1 mixture kc/ka =0.034
diethyl ketone
diallyl

C and R dations

The measurements on the disproporticnation to combination ratios are discordant.

We favor the lower numbers mainly due to the‘similarity to that for ethyl
disproportionation and combination. Therefore, k4=k, = 0.8x10"12cm3molecule1s™1

with an uncertainty of a factor of 3. The main reaction is recombination,

kKasp = 2.5x10 M em3molecule™s™1, where (b) is the decomposition pathway for chemically
activated 1l-butene with almost no pressure dependence. The branching ratios are given .
in Table A. Collision efficiencies as a function of step size can be found in Table B.
Decomposition to stabilization ratios with nitrogen (450 cm'; step size down)

and a polyatomic molecule similar to l-butene (1000 cm™1 step size down) at

0.1, 1 and 10 atm are as follows:

Log(ky/k,(Ny, 0.1)) = 10737-8712.080xp¢3046/T)
Llog(ky/k,(N,, 1)) = 10733-6711.254x5(3289/T)
Llog(ky,/ko(Ny, 10)) = 10733-03710.834yp(2853/T)
log(ky/k,(poly, 0.1)) = 10719.716.7Texp(25,7/1)
Log(ky,/ky(poly, 1)) = 10719-016.11exp(23. 70/T)
log(ky /K, (poly, 10)) = 10 20-9676-49yx5(25 15/T)

Uncertainties are a factor of 5.
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Table A. Values of branching ratio kb/ka: dependence on concentration and temperature.
log([M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 - 2500
16.0 0.70 1.14  2.42 5.10 10.3 20.8 41.5 81.4 155 281 476 745.9
16.5 0.23 0.42 0.96 2.04 4,05 7.9 15.3 -29.1 53.7 85 158 244
17.0 0.08 0.15 0.38 0.85 1.6 3.26 6.1 11.2 19.8 34 54.7 82.4
7.5 0.024 0.05 0.15 0.35 0.73 1.42 2.61 4.6 7.8 13.9 20.0 29.2
18.0 0.008 0.017 0.05 0.14 0.31 0.83 1.16 2.0 3.32 5.2 7.79 10.8
18.5 0.002 0.006 0.018 0.05 0.12 0.27 0.51 0.90 1.486 2.2 3.2 4.3
19.0 0.002 0.006 0.018 0.05 0.11 0©.22 0.38 0.64 0.96 1.35 1.76
18.5 0.002 0.005 ©0.018 0.04 0.09 0.16 0.27 0.41 0.56 0.72
20.0 0.002 0.005 0.014 0.03 0.06 0.11 0.16 0.22 0.28
20.5 0.002 0.004 0.01 0.02 0.04 0.058 0.08 0.098
21.0 0.001 0,003 0.007 0.01 0.019 0.026 0.033

Table B. Collisiqn efficiency f, as a function of downward step size

and temperature.

T/K Step-size (em 1)

150 300 600 1200 2400
300 0.14 0.30 0.50 0.69 0.82
500 0.064 0.16 0.33 0.53 0.71
700 0.033 0.094 0.22 0.41 0.61
900 0.018 0.056 0.15 0.31 0.51
1100 0.01 0.034 0.097 0.23 0.41
1300 5.9x1072 0.020 0.062 0.16 0.32
1500 3.5x1073 0.012 0.040 0.11 0.25
1700 2.0x1073 7.3x1073 0.025 0.074 0.18
1800 1.1x1073 4.2x1073 0.015 0.048 0.13
2100 6.2x10"% 2.4x1073 8.6x1073 0.029 0.084
2300 3.3x107% 1.3x1073 4.7x1073 0.016 0.051
2500 1.6x107% 6.4x1074 2.4x1073 8.8x1073 0.029

(W. Tsang, October 1984)
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19,18 Colly + Cof, L copc + 1w

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule om™3 k/cmamolet:ule_:"s'1 factor
Benson, Haugen (1967) 1100-1800 2.8x10%° Ar 8.3x10 *2exp(-3676/T) 10
0.5-6% ethylene in argon

C ts and R dations
This expression is based on Bensoﬂ and Haugen's analysis of the results of Skinmer
and Sokoloski. The reaction proceeds through the formation of an adduct which
rapidly decomposes. The rate parameters are in the range expected for
addition reactions and as written the expression is suitable for most high
temporature purposce. The unocrtainty is a faotor of 10.
(W. Tsang, May 1984)
References
Benson, S. W., and Haugen, G. R., "Mechanisms for Some High-Temperature

Gas-Phase Reactions of Ethylene, Acetylene, and Butadiene,"” J. Phys. Chem.

71, 1735 (1967)
Skinner, G. B., and Sokoloski, E. M., "Shock Tube Experiments on the Pyrolysis

of Ethylene,"” J. Phys. Chem. 864, 1028 (1860)
19,19 C,Hy + CoHy - C,Hg (a)

g Czﬂz + CZHQ (b)
= C,Bs + H (o)
Conditions Reaction rate constant, Uncertainty

Reference Temp. /K {M]/molecule em™ 3 k/cm®molecule 1s™1 factor
MaecFadden, Currie 208 5x1015 divinylether, ky = 5x10-12

(1873) ’ acetylene, ethylene, CO
Sherwood, Gunning 323 1x1017 divinylmercury kb/ka =0.02

(1965)
Weir (1965) 448 1x1018 acryaldehyde, kp/ky = 1.0

vinyl formate

Tbuki, Takezaki (1875) 298 2.3x101° He ky/k, = 0.087
Cc ts and R dations

There is very little definitive information on these reactions. We suggest that

recombination of vinyl will be very much like that of ethyl with a high pressure rate of

Kope = 1.6x10"Hen®molecule ™ s™! with an uncertainty of a factor of 3. The
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3molecule ls™l. The results

disproportionation rate is estimated to be 1.6x1G"12cm
of McFadden and Currie are affected by uncertainties in reaction conditions while those

of Sherwood and Gunning and Weir suffer from complexities in the reaction mechanism.

The possibility of an exothermic decomposition channel (c) represents an added complication.

Results of RRKM calculations on the assumption of strong collisions can be found in
Tables A and B. Weak collision effects can be found in Table C. We suggest the use
of a down step size of 450 em™ ! for Ny and Argon and 1000 em™} for large polyatomics.

This leads to the following expression:
108K 4o /Ko™ = ~0.040 + 1.044x1074T - 5.419x107%12 - 5.088x10” 1173
At 1 atm for butadiene this is within a factor of 1.6 of all other results in Np and C,Hg.

Branching ratios are:
Loz (k /K (Ny. 0.1)) = 10724-677-38¢yp(1310/T)
log(ko/ky(Ny, 1)) = 10726-918-07exp(1315/T)
log(ky/ky(Ny, 10)) = 10731:31% lexp(1767/T)
log(k,/k,(C,Hg, 0.1)) = 10724-317-366xp(1247.7/T)
Log(k,/k,(CyHlg, 1)) = 10728:218-33exp(1565.8/T)
Log(ky/k,(Cyllg, 100) = 10733-319-83exp(2176.5/1)

Uncertainty in the rate of vinyl disappearance (k,tk. ) is a factor of 3, while that for the

branching ratio is a factor of 10.

Table A. Values of log(k,y./kg4c®): dependence on concentration and temperature.

log{M] T/K

700 900 1106 1300 1500 1700 1300 2100 2300 2500
16.0 -0.01 -0.02 -0.07 -0.i3 -0.22 -0.31 -0.41 -0.51 -0.58 -0.865
16.5 -0.01 -0.04 =-0.09 -0.17 -0.25 -0.34 -0.43 -0.52 -0.60
17.0 -0.02 -0.04 -0.10 -0.18 -0.26 -0.35 -0.44 -0.52
17.5 -0.01 -0.02 -0.06 =~0.11 -0.18 ~-0.25 -0.32 -0.42
18.0 -0.01 -0.03 -0.06 -0.11 -0.16 -0.22 -0.30
18.5 -0.01 -0.03 -0.06 -0.10 -0.14 -0.20
18.0 -0.01 -0.03 -0.05 -0.07 -0.il
19.5 -0.01 -0.02 -0.03 -0.05
20.0 -0.01 -0:01 -0.02
20.5

-0.01

1205
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Tabin B Values .of branshing tetle ky/k,: dependence on concentration and temperature.

Log it T/K

300 500 700 900 1100 1300 1500 1700 1800 2100 2300 2500
16.0 0.013 0.025 0.07 0.15 0.28 0.47 0.76 1.17 1.78 2.7 4.1 6
16.5 0.01 0.026 0.065 0.i3 0.23 0.39 0.60 0.90 1.3 1.9 2.7
17.0 0.01 0.026 0.06 0.11 0.20 0.31  0.47 0.68 0.95 1.3
17.5 0.01 0.025 0.05 0.10 0.16 0.24 0.35 0.48 0.64
18.0 0.009 0.02 0.045 0.08 0.12 0.18 0.24 0.32
18.5 0.007 0.019 0.035 0.058 0.086 0.1z 0.16
18.0 0.01 0.015 0.025 0.039 0.055 0.07
19.5 0.01 0.016 0.023 0.03
20.0 0.01 0.01

Table C. Collision efficiency Bc as a function of downward step size

and tempsrature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.15 0.31 0.51 0.69 0.83
500 0.009 0.17 0.35 U.35 .72
700 0.037 0.10 0.24 0.43 0.63
900 0.021 0.066 0.17 0.34 0.54
1100 0.014 0.043 0.12 0.26 0.48
1300 8.5x1073 0.028 0.083 0.20 0.38
1500 5.5x10"3 0.019 0.058 0.15 0.32
1700 3.6x1073 0.013 0.041 0.11 0.26
1900 2.4x1078 0.0086 0.029 0.084 0.20
2100 1.6x1073 0.0057 0.020 0.061 0.16
2300 1.0x1073 0.0038 0.014 0.043 0.12
2500 6.5x107% 0.0025 9.0x10™3 0.030 0.087

(W, Tsang, October 1984)
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20,1 C,H, = C,H + H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M]/molecule cm ° k/cm®molecule 1571 factor
: - 17 -
Tanzawa, Gardiner 1700-3400 (6-18)x10 7%10 sexp(-SSBOOIT)
(1979) 1-10% CH, in Ar
Frank, Just (1980) 2100-3000 (3.6-16)x101B (Stl)xlo_aexp(-SSGOOIT)

5-400 ppm CyHy in Ar

Comments and Recommendations

The experimental results are in excellent agreement. Both are from shock tube experiments but with
different analytical methodology; Frank and Just used resonance absorption with H atom detection and
Tanzawa and Gardiner used a variety of methods. At the high temperatures the rates are clearly in

the bimolecular region. We have carried out RRKM calculation with a high pressure recombination
» rate ~3x10"1%cm3molecule™ s™! and confirm Frank and Just’s conclusion that for argon in this
temperature range the collision efficiency is 0.02. On this basis, one would have expected some-
what greater divergence between the two reported rate expressions. We recommend, on a strong collision
basis, k, = 109'AT'a‘7exp(-63985/T)cm3molecule'ls'1. The departure from a bimolecular process is
summarized in Table A. For argon as a third body we find B, commensurate with a downward step size of
300 cm™!. Since there are no data for other third bodies we suggest using 1000 cm ! for larger poly-
atomics. Table B give B, as a function of step size and temperature. The high pressure rate

expression is ke = 1015-42exp(-62445/T)s”1. With N, as the weak collider and a step size down of
300 cm™ ! we find: ‘

log(k(Np, 0.1)/k@) = 0.347 - 1.228x1073T + 3.435x107 812
log(k(Ny, 1)/ke) = 0.178 - 3,966x1074T - 1.338x107 /712
Llog(k(N,, 10)/k®) = 0.005 + 7.854x1075T - 1.775x107 /12

For CZHZ and with a step size down of 1000 ::m"1 correction factors are:
log(k(CyHy, 0.1)/ke) = 0.476 - 2.015x1073T + 1.908x1077T2
Log(k(C,Hy, 1)/k®) = 0.372 - 1.0081x1073T - 4.837x107 812

and  log(k(CgH,, 10)/k®) = 0.128 - 1.951x107%T - 1.97x107712

The uncertainty is a factor of 3.
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Table A. Values of log(k/ky): dependence on concentration and temperature.
log[M] T/K

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.c -0.07 -0.05 =-0.05 ~-0.04 =-0.04 -0.03 -0.03 =-0.03 ~-0.03 -0.02 -0.02 -0.02
6.5 -0.16 -0.12 -0.11 -0.10 -0.10 -0.08¢ -0.07 -0.07 -0.06 ~0.06 -0.05 -0.05
7.0 -0.23 -0.27 =~0.23 -0.21 -0.20 -0.17 -0.15 -0.14 -0.12 -0.11 -0.11 -0.10
17.5 ~-0.49 -0.49 -0.43 -0.38 -0.36 -0.31 -0.27 -0.25 -0.23 -0.21 -0.20 =-0.18
8.0 -0.85 -0.80 -0.70 -0.62 -0.58 -0.51 -0.45 -0.42 -0.38 -0.35 -0.33 -0.30
8.5 -1.28 -1.20 -1.05 -0.91 -0.87 -0.77 -0.69 -0.66 -0.58 -0.54 -0.51 =-0.47
18.0 -1.75 ~-1.66 -1.46 -1.29 -1.22 -1.10 -1.00 -0.94 -0.85 -0.78 -0.74 ~-0.68
1.5 -2.24 -2.14 -1.,92 -1.72 -1.63 -1.49 -1.37 -1.28 ~-1.18 ~-1.09 -1.03 -0.96
20.0 -2.74 -2.63 =-2.,40 -2.19 -2.08 -1,93 -1.69 -1.69 -1.57 -1.46 -1.38 ~-1.30
20.5 -3.24 -3.13 -2.89 -2.68 -2.56 -2.40 -2.15 -2.15 -2.00 -1.89 <-1.79 -1,60
21.0 -3.74 -3.63 -3.39 -3.18 -3.05 -2.89 -2.83 -2,83 ~2.47 -2.34 -~2.25 ~2.05

Table B. Coullisioun efficiency pc as a function orf

and temperature.

downward step Size

T/K Step-size (cm™1)

150 300 600 1200 2400
300 0.16 0.33 0.53 0.71 0.84
500 0.08 0.20 0.38 0.58 0.75
700 0.049 0.13 0.28 0.48 0.67
200 0.032 0.08 0.22 0.40 0.60
1100 0.022 0.067 0.17 0.34 0.54
1300 0.016 0.05 0.14 0.29 0.49
1500 0.012 0.04 0.11 0.25 0.44
1700 0.0085 0.032 0.091 0.21 0.40
1800 0.0075 0.025 0.076 0.19 0.36
2100 0.006 0.021 0.063 0.16 0.33
2300 0.0049 0.017 0.054 0.14 0.30
2500 0.0041 0.014 0.046 0.12 0.27

(W. Tsang, October 1984)
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20,2 C,B, + By ~ Cy, (a)
+ C,Hy + B (D)

log Kp(a) = 7.16094 + 9928,79/T - 136550.9IT2 + .191006x107/T3
log Kp(b) = 0.07627 - 14215/T - 52582‘9/'1‘2 + 2.54237):106/'1‘3

C and R dations

There are no direct measurements on these processes. We have calculated the rate

constants from the equilibrium constants and the rate constant of reverse processes

(-a) (see 18,1) and (-b), assuming a rate constant for the latter of 3x10” ‘2cmmolecule”ls™!
as in CoHg + H. Thus, k, = 5x10_13exp(-19600/T)cm3molecule'1s'1 (see pressure dependence

in 18,1) and k), = 4x10”12exp(-32700/T)cm’molecule ts™). The uncertainties are

a factor of 3 and 10 respectively.

(W. Tsang, May 1984)

20,3 CgHy + 05 = CoH + HO,H

C ts and R dations

There are no direct measurements for this process. Following (Walker, R. W.,
Reaction Kinetics, A Specialist Report (The Chemical Society, Burlington
House, London, 1975) Vol. 1, pg. 161), we estimate the rate expression for the
abstraction process to be 2x10 1lexp(-37500/T)em’molecule 1s™1, with an
uncertainty of a factor of 10.

There is also the possibility of a low 1ying decomposition channel involving Oy
addition and rearrangement prior to decomposition. We ara not. ahla ta

make any prediction regarding the likelihood of such a process.

(W. Tsang, May 1983)
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20,4 C,B, + H+ M+ Cyy +M (a)
= C,H + Hy (b)

Conditions Reaction rate constant, Uncertainty
Reference | Temp. /K {M] fmolecule em™3 k/cmsmolecule_ls_l factoxr
(a) Payne, Stief (1976) 193-400  2.4-168x1017 ko = 9.2x10 12exp(-1213/T) 1.2
{(b) Frank, Just (1980) 1850-3000 3.6-16.8x1018 ar ky = 1.3x10"%exp(-12900/T) 5
(a) Sugawara. et al.  206-461  5-6x1019 H, k,© = 3.8x10 Mexp(-1375/T) 1.3

(1881)

Comments and Recommendations

(a) The investigations of Sugawara et al. and Payne and Stief cover extended

pressure and temperature ranges. Within a factor of 2 to 3, they are in

reasonable accord with other workers (summarized in their papers). We have

carried out RRKM calculations in order to reproduce their results and this

yields: ko = 10718-93¢1/7)3.75xp(-2430/T)cmOmolecule™2s ™.  Pressure

dependence and collision efficiencies as a function of step size down can be

found in Tables A and B. The data of Payne and Stief are compatible with a

step size of down-100 em™! for He as a third body. We suggest the use of down-

ward step sizes of 300-400 cm™! for Ar and N, and 1000-2000 cm™! for larger

polyatomics. On this basis we find for step size down of 450 om™ ! and with

N, as the third body:
k(Ny, 0) = 1078-98777.2735(-3632/T) cmBmolecuie 151
log(k(Ny, 0.1)/k(N,, 0)) = -1.689 + 2.889x1075T - 1.642x10712 + 3,045x1071013
log(k(Ny, 1)/k(Ny, 0)) = -3.000 + 4.676x20 T - 2.511x107612 + 4.497x10"2073
los(k(Np, 10)/k(Ny, 0)) ~ -4.847 + 5.8911x1073T - 2,9344x107%12 + 4.9g4ax10~ 1073

For CyHy or a similar polyatomic as the bath molecule and with a step size of 1000 em 1.
k(C,Hy, 0) = 1078-31776.734y5(-3590/RT)cmmolecule™2s ™1 -
1log(k(CyHz, 0.1)/k(CzHz, 0)) = -1.970 + 3.090x107°T - 1,671x107872 + 3.012x1071013
log(k(CpHy, 1)/K(CzHz, 0)) = -3.277 + 4.636x107°T ~ 2.347x107612 + 4. 056x10"1013
log(k(CyHz, 10)/k(CyHz, 0)) = -4.522 + 5.544x1073T - 2.505x107672 + 3.990x1071013

The uncertainty is a factor of 4. Note that at temparaturas ahava 1300 K the

reaction is near the low pressure limit.

The rate expression given for (b} by Frank and Just is based on a review of past work.

We have used the rate expression for the reverse reaction (21,2) derived on the basis

of measured numbers at room temperature and a BSBL calculation and the equilibrium

constant to derive k = 10™10exp(~11200/T)cmPmolecule™ls™1,

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



CHEMICAL KINETIC DATA BASE FOR COMBUSTION CHEMISTRY 1211

Table A. Values of log(k/k,): dependence on concentration and temperature.
log([M] T/K
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500

16.0 -0.14 -0.10 -0.08 -0.06 -0.05 -0.04 -0.04 =-0.03 -0.03 -0.02 ~-0.02 ~-0.02
6.5 -0.28 -0.1¢ -0.16 -0.12 -0.10 -0.08 -0.08 -0.06 -0.06 -0.04 -0.04 -0.03
17.6  -0.48 -0.34 -0.27 -0.22 -0.i8 =-0.16 -0.14 ~-0.11 -0.10 -0.07 -0.07 -0.06
7.5 -0.76 -0.55 -0.44 -0.36 -0.30 -0.25 -0.22 -0.18 -0.16 -0.12 -0.1i1 -0.0S
18.0 -1.15 -0.83 -0.84 -0.54 =-0.45 -0.38 -0.32 ~-0.27 -0.23 -0.18 -0.16 -0.14
8.5 -1.67 -1.17 -0.94 -0.76 -0.64 -0.53 -0.46 -0.38 -0.33 -0.26 -0.23 -0.20
18.0 -2.13 -1.56 -1.26 -1.04 -0.87 -0.73 -0.63 -0.52 -0.46 -0.37 -0.33 -0.28
1.5 -2.61 -1.98 -1.64 -1,37 -1.14 -0.98 -0.85 -0.71 -0.62 -0.52 -0.46 -0.39
20.0 -3.10 -2.46 -2.07 -1.75 ~-1.47 =-1.28 -1.12 =-0.85 ~-0.83 -0.71 -0.63 -0.55
20.5 -3.60 -2.94 -2.53 -2.18 -1.88 ~-1.64 =-1.42 ~-1.24 -1.10 -0.95 -0.85 -0.75
21.0 -4.10 -3.43 -3.02 -2.64 -2.30 -2.05 -1.80 -1.59 -1.42 -1.25 -~1.12 ~1.00

Table B. Collision efficiency B, as a function of downward step size

and temperature.

T/K Step-size (cm 1)

150 300 600 1200 2400
300 0.15 0.31 0.51 0.69 0.83
500 0.089 0.17 0.35 0.55 0.72
700 0.037 0.10 0.24 0.43 0.83
900 0.022 0.066 0.17 0.34 0.54
1100 0.013 0.043 0.12 0.26 0.46
1300 8.5x1073 0.028 0.083 0.20 0.38
1500 5.6x107° 0.019 0.059 0.15 0.32
1700 3.7x1073 0.013 0.042 0.12 0.26
1900 2.5x1073 9x10™3 0.03 0.087 0.21
2100 1.7x1073 6.2x1073 0.021 0.065 0.17
2300 1.2x1073 4.3x1073 0.015 0.048 0.12
2500 7.9x107% 3.0x1073 0.011 0.035 0.10

(W. Tsang, October 1884)
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20,5 CyH, + O - CH, + CO (a)
-+ C,HO + H (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule cm™3 k/cm®molecule”1s™1 factor
Herron, Huie (1873)  200-700 k = 2.3x10 Mexp(-1500/T) 1.3
evaln, .
Westenberg, deHaas 297 (3-14)x1017 Ar kx = 1.2x10713 1.5
(1977)
Vandooren, Van Tiggelen 700-1430  4x10%7 X, = 1.1x10" exp(~2000/T) 2.5
(1977)
Vinckier, Debruyn 290-600  5x10%6 E, . = 3.220.2 keal mol™!
(1979)
Aleksandrov, et al. 208-608°  2x1016 k = 3x10”1lexp(-1625/T)
(1981) ky = 1.5x10 *lexp(-2285/T)
L6hr, Roth (1981) 1500-2570  7x1017 Ar k, = 2.0x10"0exp(-3300/T) 2
Kk, = 7.2x10"exp(-6100/T) 2
NASA (1985) evaln. 200-450 k = 2.9x10_1lexp("1600/1') 1.5
298 © k= 1.4x10713 1.3
C ts and R dations

This evaluation accepts the NASA (1985) recommendation. Within the stated error limits it should
be valid up to 700 K. The results of Aleksandrov et al. are in extremely good agreement. Up to at
least 600 K the predominant reaction channel appears to be that giving CH, + CO as products with

a minor contribution from the channel giving C,HO + H (see Blumenberg et al. (1977))

and Aleksandrov et al. (1881), although in a molecular bhaam study both charmels were

said to be important (Kanofsky et al. (1974). The high temperature results of Lohr and Roth

for ka agree well with those of Vandooren and Van Tiggelen at 1500 K. More high temperature

data are needed.

(R. F. Hampson, July 1985)
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20,6 C,H, + OH ~ C,B + Hy0 (&)
= products (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M]/molecule em™3 k/<:m3mc>lec\:1le_1s'1 factor
CODATA (1984) evaln.  200-300 6.5x10 12exp(-650/T) 2
(high pressure limit)
295 7.0x10"13
C. t5 end R dations

The recommended rate expression for the abstraction reaction is k, = z,hxlo-onz‘Seexp(-SDEOIT)
cmsmolecule"15_1 with an uncertainty of a factor of 10. It is derived from a calculation using
the BEBO method as described by Brown (1981). This is the predominant reaction under combustion
conditions. HNear room temperature, where there is little agreement on the mechanism, the rate
constant, or its pressure dependence, the recommended expression is that given in the CODATA(1984)
evaluation. It is based on results reported in Michael et al. (1980). Perry et al. (1977)

and Perry and Williamson (18982).

(R. F. Hampson, May 1283)
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20,7 CyH, + HO, - CH,=C=0 + OH (a)
= CH, + CO + OH (b)
+ HC,0 + H + OH (c)

Comments and Recommendations

There are no measurements for the rate constants of these reactions. We suggest as a
very rough approximation, with an uncertainty of at least a factor of 10, the same rate
expression as for ethylene reacting with HO,, k, = 1x10-“exp(-kOOO/T)cmsmolecule'ls-l.
Reaction paths b and c are also possible. We are unable to estimate branching ratios.

(W, Tsang, May 1983)

20,14 C,H, + CO - C,H + HCO

Comments and Recommendations
Since there are no measurements for this reaction we have assumed a reverse rate of
3.3x10" emimolecule ™ds™! to obtain 8x10”1%exp(-53700/T) for the forward rate constant

with an uncertainty of a factor of 10. This makes it an extremely unlikely process

under all combustion conditions.

(W. Tsang, May 1983)

20,16 C,H, + CHy - CgHg (a)
= CH, + C,H (b)

Conditions Reaction rate constant, Uncertainty

Reference Temp. /K [M]/molecule em™3 k/t'.‘mams:)lecl.xle-:Ls-1 factor

log K, = -0.8887 - 3718.9/T - 316484/T2 + 4.332x107/T° (b)

Holt, Kerr (1977) (a) 379-487  ~2x10%8 i-c,Hg, 1x10712exp(-3877/T) 1.4
~0.5-8% CZHZ' ~12 biacetyl

Comments and Recommendations
The predominant reaction at low temperature is addition. However at higher temperatures
the reaction is reversible. Under combustion conditions the abstraction process is the
predominant pathway and, within an uncertainty factor of 5, the rate expression is

k(CHy + CoH, - CH, + CoH) = 3x10"13exp(-8700/T)cm®molecule™ls™2
derived on the basis of the reverse rate and equilibrium constant. See data sheet [21,10].
(W. Tsang, May 1983)
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20,17 CyH, + CyHs + C,H + CyHg (a)
+ C,Hy (b)

log K, = -1.20495 - 4740.87/T - 311418.9/T2 + 4.551646x107 /1% (a)

Ci ts and R dations

There are no direct measurements on this reaction. We have used the equilibrium constant and
results on the reverse reaction {21,11] to derive k(CyH, + CoHg =+ CoH + CoHg) =
4.5x10_139xp(-11800/T) with an uncertainty of a factor of 5. Note that at lower

temperatures the addition reaction (b) is the main process. However, as the temperature

is increased the decomposition process will become even more important.

(W. Tsang, May 1984)

20,18 CyH, + C,H, - 2C,H,

log K, = 1.21776 - 14783.99/T - 188722.9/T2 + 2.216286x107 /13

Ci ts and R dations

There are no direct measurements for this reaction. We suggest the rate expression
lcxlO_”'exp(-341\\09/1‘)t:m:'lmc»lecule_ls'1 with an uncertainty of a factor of 10.

This is based on the equilibrium constant, a disproportionation to combination ratio
of 0.1 and a vinyl combination rate similar to that for ethyl radicals. See (19,19)
on vinyl combination and disproportionation.

(W. Tsang, May 1883)

20,20 CyH, + CjBy + CoHy + CoH (a)
+ C,Hy + B (b)

Conditions Reaction rate constant, Uncertainty
Reference : Temp. /K [M]/molecule cm 3 k/em®molecule 1571 factor

log K, =0.69769 - 18121/T - 402707.9/T% + 5.308452x107/13 (a)

Back (1971) k

o = 8.3x10 Sexp(-35250/T)
Tanzawa, Gardiner = 1.6x10"Mexp(~23100/T)

(1979)

=
o
1

C ts and R dations

There are no direct measurements on these processes. Back's results are based on an assumed
disproportionation to combination ratio of 1.0 and a combination rate equal to that of ethyltethyl
(1.6x10" 1cm3molecule 1s™1) and the thermodynamics of the process. The results of Tanzawa

and Gardiner are from complex shock tube experiments. We have recalculated, following Back’s
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procedure, but using a disproportionation/combination ratio of 0.1 and newer thermodynamic data
and derived k(C,H, + CoH, + CoHy + CH) = 1.6x107 lexp(-42500/T)cn’molecule 1s™1 with an
uncertainty of a factor of 5. Reaction (b) is likely to be a composite process.

(W. Tsang, May 1983)
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Combust. 17, (Combustion Institute, Pittsburgh, 1979) 563

21,2 CpH + Hy + C,H, + H

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K IM]/molecule cm o k/cmPmolecule” 1s~1 factor
Lange and Wagner (1975) 320 1.3x1017 He 1.7x10718 1.3
Laufer, Bass (1979) 300 1.6x1018 He 1.5x10718 1.3
(relative to k(CoH + C,Hj3))
Okabe (1981) 208 k/kpog=0.0078
kref: CzH + Czﬁz
Renlund, et al. (1981) 300 2.6x1016 He 1.2x10711
Brown, Laufer (1981) 1.9x10” Mexp(-1450/T) calculated
c and R dations

The expression given by Brown and Laufer (1981) is recommended. They calculated a
preexponential factor by the bond energy - bond order (BEBO) method and combined
this with the value of k at 300 K reported by Laufer and Bass to give this Arrhenius
expression. They also showed that the derived temperature dependence is im sood
agreement with that calculated by the bond strength - bond length (BSBL) method of
Bérces and Dombi (1880) but is much less than that calculated by the BEBO method.
Tha experimental results of Lange and Wagner (1975) by the discharge flow - mass
spectrometric technique are in good agreement with those of Laufer and Bass (1979)
who measured the decreased absorption of butadiyne from the reaction C,H + CoHy
C,Hz + H upon addition of Hy in the vacuum ultraviolet flash photolvsis of CpHj.
The recent results of Renlund et al. (1981) by time-resolved CH chemiluminescence
are much higher and probably refer to the reaction of excited states of Czﬂ.
Estimated uncertainties are x30% at rcom‘temperatures and increasing to a

factor of 3 at 2500 K.

(R. F. Hampson, May 1983)
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Erzeugung und Reaktionen von CZH-Radikalen," Ber. Bunsenges. Phys.
Chem. 79, 165 (1975)

Laufer, A. H., and Bass, A. M., "Photochemistry of Acetylene. Bimolecular
Rate Constant for the Formation of Butadiyne and Reactions of Ethynyl
Radicals," J. Phys. Chem. 83, 310 (1979)
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2772 (1981)
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Chem. Phys. Lett. 84, 293 (1881)

21,3 C,H + 0, + CO + HCO (a)
+ HC,0 + O (b)

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K {M] /molecule em 2 k/cm®molecule”ts 2 Iactor
17 = ~12
Lange, Wagner (1975) 320 1.3x10 He k=5, 5x10 1.3
. see commenbts
Renlund, et al. (1981) 300 2.6x1016 He k=2.1x10711
Laufer, Lechleider 300 k,=4.0x10712
(1984) ky=1.0x10712
C ts and R dations

The results of Laufer and Lechleider (1984) using flash photolysis-vacuum
ultraviolet spectroscopy techniques are recommended. They are comsistent with
the results of Lange and Wagner (1975) for the overall rate by the discharge
flow-mass spectrometer technique. Renlund et al’s recent results by time-
resolved chemiluminescence are much higher and probably refer to the reaction
of excited states of CZH. There is considerable uncertainty regarding

the nature of the products. These may also include CH + CO2 or C,0 + OH. We
estimate the experimental uncertainties at %30Z. In the absence of measurements
on the temperature dependence we assign a factor of 10 uncertainty at 2500 K.
(R. F. Hampson, May 1984)
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‘czn L e R e L {n)

C

ts and R

dations

There are no direct measurements on this procass.

the thermodynamics we have obtained k, = 10717-9(1/T)- texp(-721/T)cm’molecule

On the basis of the reverse process and

-2,-1

{third order] with pressure and collisional efficiencies as given in Tables A and B.

We recommend use of a 300 cm ! downward step size for argon and N, and a 1000-2000 om™1
downward step size for larger polyatomics. On this basis we recommend
ko = 3x10-1°cm3mclecule'1s with the following pressure corrections:
" Log(k(Ny, 0.1)/k®)) = 0.347 - 1.228x107°T + 3.435x107 %12

log(k(Ny, 1)/k®)) = 0.005 + 7.854x107>T -~ 1.775x107 /12

log(k(N,, 10)/k®)) = 0.179 - 3.966x107°T - 1.338x107/12
For C,H, and with a step size down of 1000 cm'l, the correction factors are:

log(k(CyH,, 0.1)/k®) = 0.476 - 2.015x107°T + 1.908x107 /T2

Log(k(CyHy, 1)/k@) = 0.372 - 1.008x1073T - 4.837x107812

Log(k(C,H,, 10)/k®) = 0.128 - 1.951x107%T - 1.970x10 712
The uncertainty is a factor of 3.
For reaction (b) a BEBO calculation yields ky = 6x10™1lexp(-14223/T)em’molecule™ts™1
with an uncertainty of a factor of 10.
Table A. Valuecs of log(k/k®): depend on tration and temperature.
log[M] T/X

300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
16.0 ~0.07 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03 -0.03 -0.03 =-0.02 ~0.02 -0.02
16.5 -0.16 =0.12 -0.11 -0.10 -0.10 -0.08 =-0.07 -0.07 ~0.06 -0.06 -0.05 =-0.05
17.0 -0.23 -0.27 -0.23 -0.21 -0.20 -0.17 -0.i5 -0.14 ~0.12 -0.11 -0.11 -0.10
17.5 -0.49  ~0.44 ~-0.43 -0.38 -0.36 -0.31 =-0.27 -0.25 -0.23 -0.21 -0.20 -0.18
18.0 -0.85 -0.80 -0.70 -0.62 -0.58 =-0.51 -0.45 -0.42 -0.38 ~0.35 =0.33 -0.30
18.5 -1.28 -1.20 -1.05 -0.91 -0.87 ~0.77 -0.69 -0.66 ~-0.58 -0.54 ~0.51 -0.47
18.0 =1.75 -1.66 -1.46 -1.29 -1.22 -1.10 -1.00 -0.94 -0.85 -0.78 -0.74 . -0.68
19.5 -2.24 -2.14 =-1.92 -1.72 -1.63 -1.44 -1.37 -1.29 -1.18 -1.09 -1.03 ~-0.96
20.0 -2.74 ~2.83 =-2.40 -2.18 -2.08 -1.93 -1.68 =-1.67 -1.57 ~1.46 -1.38 -1.30
20.5 -3.24 ~3.13 -2.88 -2.68 -2.56 -2.40 -2.15 -2.15 -2.00 -1.89 ~1.79 ~-1.60
21.0 -3.74 -3.63 -3.39 -3.18 -3.05 -2.88 -2.63 -2.63 =2.47 -2.34 -2.25 -2.05
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Table B. Collision efficiency B as a function of downward step size

and temperature.

T/K Step-size (em™ 1y

150 300 600 1200 2400
300 0.16 0.33 0.53 0.71 0.84
500 0.08 0.20 0.38 0.58 0.75
700 0.049 0.13 0.28 0.48 0.67
900 0.032 0.09 0.22 0.40 0.60
1100 0.022 0.061 0.17 0.34 0.54
1300 0.016 0.05 0.14 0.29 0.49
1500 0.012 0.04 0.11 0.25 0.44
1700 0.0085 0.032 0 091 0.21 0.40
1900 0.0075 0.025 0.076 0.19 0.36
2100 0.006 0.021 0.063 0.16 0.33
2300 0.0049 0.017 0.054 0.14 0.30
2500 0.0041 0.014 0.046 0.12 0.27
(W. Tsang, October 1984)
21,5 CyH + O - products
Ci ts and R dations

There are no measurements on this process. By analogy with the reactions O + C,Hg and O + CyHjz one

expects a fast reaction with k ~ 3x10" Y em3molecule }s™! and highly excited products, possibly
CH + CO. The uncertainty is a factor of 3.

(R. F. Hampson, May 1983)

21,6 CZB + OH - CZBZ + 0 (a)
nd CHZ + CO (b)

Comments and Recommendations
In the absence of experirhental results we suggest that the important reaction will be
abstraction or addition followed by decomposition proceeding with a near collisional rate

constant of 3x10 1lem3molecule s™! for each process. The uncertainty is a factor of 10.
(R. F. Hampson, May 1983)

21,7 C,H + HO, C,B, + 0,
+ HC,0 + OH

Comments and Recommendations

In the absence of experimental results we suggest that the important reactions will be
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constant of 3x10  lem®molecule™!s™! for each process.

(R. F. Heampson, May 1983)

21,10 CoH + CH, - CoHy + CHy

abstraction and addition followed by decomposition proceeding with near collisional rate

The uncertainty is a factor of 10.

Conditione Roaction rato constant, Uncertainty
Refexence Temp. /K [M] /molecule cm™® k/cmPmolecule” Ls™1 factor
Laufer (1981) 297 (1-6)x101%  He (1.220.2)x10712 1.3
Okabe (1981) 298 K/ gp = 0.032

kpggt CoH + CoH,
Renlund, et al. (1981) 300 2.6x1010 He (4.8x1.0)x107 12
Brown, Laufer (1981) 3x10” 12exp(-250/T) calculated

C "

and R dations

The expression given by Brown and Laufer (1981) is recommended.

They calculated a

preexponential factor by the bond energy-bond order (BEBO) method and combined this
with the room temperature value of k reported by Laufer (1981) to give this Arrhenius

expression,

They also showed that the derived temperature dependence is in good

agreement with that calculated by the bond strength-bond length (BSBL) method of

Bérces and Dombi (1980) but is much less than that calculated by the BEBQO method.

Renlund et al.’s higher results probably refer to the reaction of excited states

of CoH.
increasing to a factor of 10 at 2500 K.
(R. F. Hampson, May 1984)
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21,11 C,H + C,Bg CZBZ + CoHig

Conditions Reaction rate constant, Uncertainty
Reference Temp. /K [M] /molecule em™3 k/emPmolecule 1s™1 factor
Laufer (1981) - 297 (0.6-23)x108 He (6.5%0.4)x1012 1.3
Brown, Laufer (1981) 6x10712

calculated

C ts and Recc dations

The expression given by Brown and Laufer (1981) is recommended. They calculated a pre-
exponential factor by the bond energy-bond order (BEBO) method and combined this with
the room temperatufe value of k reported by Laufer (1981) to give the temperature-
independent expression shown. They also showed that the derived temperature independence
is in good agreement with results of calculations by the bond strength-bond length (BSBL)
method of Bérces and Dombi (1980) whereas a strong temperature dependence is calculated

by the BEBO method. The uncertainties are a factor of 1,3 at room temperature and a factor of

3 at 2500 K.
(R. F. Hampson, May 1984)
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21,14 CyH + CO -+ C,HCO

Comments and Recommendations

There are no measurements on this system. Since the thermochemistry is also uncertain
we suggest using rate constants that we have estimated for the CZHS + CO +(M) - CZHSCO
reaction, k = 2.5x10"13exp(-2420/T)cm3molecule'ls'1. Note that at higher temperatures
the reaction is reversed. The uncertainty is greater than a factor of 10. Because of

this the pressure dependence has been nezlected.
(W, Tsang, May 1983)

1221

J. Bhys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1222

W. TSANG AND R. F. HAMPSON

21,15 C,H + HCO ~ CoH, + CO

Comments and Recommendations

In the absence of experimental results we suggest that the important reaction will be dispropor-
tionation proceeding with a near collisional rate constant of 1.0xlo-locmamolecule_ls_l with
an uncertainty of a factor of 3.

(R. F. Hampson, May 1983)

21,16 C,H + CHy » Cgf; + B

Comments and Recommendations

Although there are no measurements on this process, the exothermicity of the reaction
(~ 117 kJ mol’l) suggests that this will be the preferred channel under practically
all combustion situations. We estimate the rate constant for the process to be
4x10" 12 em®molecule™ts™!. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

21,17 C,E + CgHs = CoH, + CoH, (a)
+ CyHy + CBy (b)

C ts and R dations

These reactions have not been studied. We estimate k, = leo"lzcmamolecule_ls'l, typical
of a disproportionation process and ky ~ 3x10'11cm3molecule'ls'1, a typical

rate constant for radical combination. The exothermicity of process (b) ~ 170 kJ mo1™1
should meke this the preferred mode of decomposition (rather than stabilization) for all
combustion situations. The uncertainty is a factor of 3.

(W. Tsang, May 1983)

21,1? CoH + CZBQ -+ C“H‘Q +H

Comments end Recommendations

In the absence of experimental data, by analogy with the reaction 21,20
CoH + CoH,, we suggest this reaction proceeds by a fast addition process
with k¥ ~ 2x10711 enPmolecule™ls™1 to give an excited C,Hg adduct which

decomposes to give CAH‘, (vinyl acetylene) + H. The uncertainty is a factor
of 3.

(R. F. Hampson, May 1983)
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