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Chemical kinetic data for reactions ofO(3p) atoms with unsaturated hydrocarbons 
are compiled and critically evaluated. Specifically, the reactions considered include the 
interactions of the ground electronic state' of oxygen atoms, 0 (3p), with alkenes, cycloal­
keries, halogen substituted alkenes and ketenes, alkynes, halogen substituted alkynes, aro­
matic hydrocarbons, halogen substituted aromatic hydrocarbons and pyridine. All kinetic 
data considered were restricted to gas phase reactions. "Recommended" values of the rate 
parameters have been assessed and conservative uncertainty limits assigned to them. 

Key words: alkenes; alkynes; aromatic hydrocarbons; Arrhenius parameters; atomic oxygen; chem­
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1. Introduction 
1.1. Overview 

The present evaluation of (.;hemi(.;a1 kind.i(.; Ui:1li:1 fu:r lhe 

elementary reactions of Oep) atoms with unsaturated 
hydrocarbons is a part of a larger effort directed towards 
the development of a comprehensive general evaluated 
chemical kinetic data base. More specifically, it is a part 
of the broader data base for all Oep) reactions, with 
both organic and inorganic reactants. It is thus also a 
part of an extensive data base, currently uevduped by 
the Chemical Kinetics Data Center of the National Bu­
reau of Standards, dealing with the chemical oxidative 
processes. in particular those involved in thermal' com­
bustion and in the atmospheric chemistry. The data bases 
are intended to provide easily accessible sources of criti­
cally evaluated rate data for use in computer model-
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ing and in general research needed for better understand­
ing of these important and at times remarkably complex 
phenomena. In addition, in view of the fundamental im­
portance of Oep) reactions with the unsaturated hydro­
carbons, a critically evaluated set of their rate constants 
may be expected to help establish more precisely the 
n:lationships between the rates of elementary reactions 
and the molecular structure of the reactants, possibly 
permitting extrapolations of rate data to reactants for 
which reliable information is not available. An example 
of such correlations is the electrophilic trend 1-3 in OCP) 
reactions with alkenes. Well established kinetic behavior 
of OCP) atoms may be expected also to serve as a model 
for OtllCl atom-ullsaturated hydrocarbon reactions. 

The main object of the evaluation has been to compile 
as many as possible of the published values of reaction 
rates of the elementary steps involved in the reactions of 
Oep) atoms with the unsaturated hydrocarbons and to 
use them to arrive at an estimate of the "recommended" 
(or "preferred") values of the kinetic parameters and 
their uncertainties. 
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1.2. Reaction Mechanisms 

Interaction of a ground state oxygen atom, OCP), 
with an unsaturated hydrocarbon molecule may in prin­
ciple lead to any of the following three types of chemical 
change: I) "abstraction" by the 0 atom of a H atom from 
the hydrocarbon, 2) "addition" of the 0 atom to the 
hydrocarbon, and 3) "replacement" by the 0 atom of an 
atom or atomic group (radical) from the hydrocarbon. 
"Replacement" itself is of necessity initially an addition, 
combined with subsequent or simultaneous fragmenta­
tion of the initial adduct. (The term "displacement" is 
frequently used for a "replacement" reaction in which 
the initial addition and t~e departure of the displaced 
atom or radical are believed to take place simulta­
neously). "Insertion", the particular type of addition in 
which the atom inscrts into CH bonds, of hydrocarbons, 
is spin forbidden for OCP) atoms and does· not occur 
(although it is not spin forbidden for OeD2) atomS and 
occurs readily4). ' 

It is not feasible to describe here in detail all aspects of 
the mechanisms of OCP) reactions with unsaturated hy­
drocarbons. The mechanism of the reactions with al­
kenes, which provide a model for Oep) reactions with 
other unsaturated hydrocarbons, will be briefly summa­
rized in the following. The earlier reviews2

,s.7 discuss the 
reaction mechanisms in considerable detail and provide 
lists of original references. The more recent review by 
Cvetanovic and Singleton3 discusses also some mo~e re­
cent experimental and theoretical work related to the 
mechanisms of these reactions. 

The pioneering research of the present author has 
shown that addition of OCP) atoms to the CC double 
bond is the main and perhaps frequently the exclusive 
initial process in the reaction of simple olefins with OCP) 
atoms. At least at not too elevated temperature and with 
OCP) atoms· not kinetically excited ("hot"), abstraction 
cannot compete effectively with the very rapid OCP) 
addition to the double bond. However,at sufficiently 
high temperature, or with sufficiently "hot" OCP) 
atoms, abstraction of H atoms should be expected to be­
come more important. 3 

Two general types of fmal products due to the initial 
addition of OCP) to alkenes are observed: 1) stabilized 
adducts a~d 2) thc products formed by fragmentation of 
the initial adducts (including products formed in sec­
ondary reactions of the free radical fragments). The sta­
bilized adducts are of two types: 1) the epoxides (formed 
by attachment of 0 atoms to the double bond) and 2) 
products formed by molecular rearrangement of the ini­
tial adducts, which are almost exclusively carbonyl com­
pounds (aldehydes and ketones). The rearrangement 
products are formed by a 1,2 C to C shift of an H atom 
(or less frequently radical group) from the C atom to 
which OCP) adds to the other C atom of the original 
double bond. Formation of epoxides is nonstereospecific: 
with either cis- or trans-2-butene, for example, both cis­
and trans-2-butene oxide are produced and their ratio is 
different in the two reactions and is also temperature 
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dependent. ,The overall process can be illustrated in t 

simplified manner using the OCP) reaction withcis-2-
butene as an example: 

o + 

[P.I.F ...... Pressure Independent Fragmentation (into CHj , 

etc.) l. 
In order to explain the observed products, and taking 

into account the spin conservation rule, it is necessary to 
postulate that the initial adduct is a triplet biradical. This 
intermediate subsequently rapidly rearranges into highly 
vibrationally excited ("hot") epoxides and carbonyl 
compounds or undergoes a rapid "pressure independent" 
fragmentation (which may also include displacements, as 
defined earlier in this section). The "hot" epoxides and 
carbonyl compounds undergo at lower pressures a "pres­
sure dependent fragmentation" and tend to be collision­
ally stabilized at higher pressures. As expected, the 
pressure dependent fragmentation is suppressed in con­
densed media3,8. 

The general mechanism of 0 atom addition to al­
kynes7 is analogous to that for the addition to alkenes.· 
Fewer mechanistic studies have been done for OCP) ad­
ditions to aromatic hydrocarbons. In the OCP) reaction 
with benzene9 the main product is a non-volatile material 
difficult to characterize. However, the direct adduct, 
phenol, is also formed in smaller amounts (about 13% of 
the benzene consumed). In the reaction with toluene lO

, 

15-20% of the 0 atoms reacted are recovered as the di­
rect adduct, cresol (a-cresol and p-cresol, in a ratio of 
about 3: 1, with very little or no m -cresol). 

Reaction "branching ratios" are generally defmed by 
assigning the total yields of different sets of· the fmal 
products to the assumed simultaneously occurring dis­
tinct reaction channels. However, since in the reactions 
included in the present evaluation, OCP) addition pre­
dominates and it forms a highly reactive and energy rich' 
transient intermediate, the distribution of the final prod­
ucts is frequently strongly influenced by secondary reac­
tions and by the particular experimental conditions 
employed in kinetic studies. In fact, not too many kinetic 
studies include comprehensive quantitative product de­
terminations. Seemingly conflicting results are therefore 
not uncommon. On the other hand, within the range of 
experimental conditions explored so far, the overall rate 
constants at a fixed temperature seem to be unaffected by 
substantial variation in experimental conditions, al­
though it is possible that they will exhibit some decrease 
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when the pressure is drastically lowered and the "single 
collision" conditions are approached. The present evalu­
ation therefore deals primarily with the overall rate con­
stants. Alternative reaction paths are indicated for a 
number of reactions but without attempting to make a 
comprehensive selection of preferred values of branch­
ing ratios. 

1.3. Selection of Recommended Rate Parameters 
and their Uncertainty Factors 

As a result of potential presence of unknown ("hid­
den") systematic errors in the measured values of rate 
constants of a reaction, most frequently obtained by dif­
ferent techniques and in different laboratories, there are 
no standard statistical methods for a quantitative evalua­
tion of the expected "best" value and its confidence lim­
its. When there is close agreement (within the combined 
imprecisions), of two or preferably more values obtained 
by different techniques, it is reasonable to assume that 
systematic errors are probably less important than the 
random· errors. In such cases, use of standard weighted 
least squares techniques may be justified and is equiva­
lent to treating any residual systematic errors as random' 
errors. II In the present evaluation, the weighted least 
squares procedures were generally used to calculate the 
mean value and when an additive (±) erro~is given, it 
represents one standard deviation·of.the mean thus eval­
uated. Based on intuition and judgment of the evaluator, 
smaller (and, in one or two rare cases, zero) weights 
were assigned to some literature values. (F~r example, 
for the 0 atom reaction with propylene at 298 K, one 
listed value.js two orders of magnitude smaller than the 
other values. It is therefore assigned zero weight while 
the statistical weights for the other values are unity or 
close to unity.) 

Since the procedure used is of necessity subjective, 
conservatively estimated probable overall uncertainties 
were assigned to the selected "recommended" values of 
k and the Arrhenius A factor. It was found convenient to 
express these uncertainties· in k and A in the form of 
uncertainty factors (which must not be taken to imply 
that the errors in the rate constants are necessarily log­
normally distributed). The uncertainties assigned to the 
Arrhenius B, expressed as additive (±) deviations, are 
also approximate estimates. 

The evaluation covers the investigated (and docu­
mented in the literature) OCP) reactions with alkenes, 
cycloalkenes, halogen substituted alkenes, ketenes, al­
kynes, halogen substituted alkynes, aromatic hydrocar­
bons, halogen substituted aromatic hydrocarbons, and 
pyridine. Only gas phase reactions have been considered. 
For previous evaluations of kinetic data for some of 
these reaction systems, see, for example, Refs. 12, 3, and 
13. 

1.4. Organization 

The material presented in this article is organized into 
five sections. Section 1 is the Introduction. Section 2 
gives a brief summary of the adopted symbols and units. 

Section 3 contains a table of all recommended kinetic 
parameters and the page numbers indicating the loca­
tions of the detailed tabulations of the kinetic data for the 
listed reactions. Section 4 contains four tables of the 
chemical kinetic data for O(3P) reactions with 1) alkenes, 
2) haloalkenes and ketenes, 3) alkynes, and 4) aromatic 
hydrocarbons, including pyridine. Section 5 contains the 
list of references for the tabulated recommended kinetic 
parameters and chemical kinetic data. 

1.5. Guide to Summary of Recommended 
Rate Parameters 

The Table in Sec. 3 summarizes the recommended val­
ues of the kinetic parameters for the listed gas pha-se sec­
ond order reactions. The information is displayed in 7 
coiumns. Column 1 ("Reaction") contains the reaction 
formula and the chemical name of the species reacting 
with Oep) atoms. If Column 2 ("T /K")contains a single 
temperature, e.g. 298, the value in Column 3 ("k,A") is k 
at· that temperature; if it contains a temperature range, 
e.g. 200-500, the value in Column 3 is the Arrhenius A . 
The units of k and A arecm3mol-1s-1 and their values are 
given in exponential form, written as (1.00±0.10)(1l), 
which signifies (1.00±0.10)X 1011. For recommended 
values of k and A, the additive (±) errors, when given, 
represent one standard deviation of their weighted least 
squares evaluations. 

Columns 4 ("n") and 5 ("B") contain, if applicable, 
the nand B parameters in extended Arrhenius Eq. 
k =A (T 1298Yexp( -BIT). ·Column 6 ("k err. factor") 
contains the assigned uncertainty factors of k and A, and 
Column 7 ("Page") lists the page number showing the. 
location of detailed tabulation of kinetic data for the re­
action. 

1.6. Guide to Chemical Kinetic Data Tables 

The formats of the four Chemical Kinetic Data Tables 
in this section are identical. All kinetic data listed are for 
gas phase reactions. _ 

The data in the tables are divided into eight columns. 
Column 1 ("Reaction, Reference Code, Notes") con­
tains: 1) Reaction Formula, 2) Chemical names of the 
two reactants and occasionally, in parentheses, a syn­
onym of the hydrocarbon reacting with Oep), 3) the 
Reference Code and 4) Notes relevant to the data en­
tered. When, for brevity, the reference code is omitted 
from Column 1 of a data line, it is the same as the closest 
reference code in Column 1 in one of the preceding data 
lines. The Reference Code consists of the last two digits 
of the year of publication, followed by the first three 
letters of. the names of the first and second author (if 
present) separated by a slash. An integer index is at­
tached at the end when it is necessary to differentiate 
between otherwise identical Codes. This is· illustrated ·by 
the Code 74 ATK/PIT2. Column 2 ("Data type") con­
tains the two-character Data Type Codes listed in Sec. 2. 
If Column 3 ("T IK") contains a single temperature, e.g., 
298, the value in Column 4 ("k ,k Ik(ref),A ,A I A (ref)") is 
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k (or klk(ref» at that temperature; if it contnm~ n .tCflI' 

perature range, e.g. 200-500, the value in Column 4 if) 
the Arrhenius A parameter (or AIA(ref). Column 5 
("n") and Column 6 ("B,B -B(ref)"), respectively. con· 
tain, when applicable, the nand B (or B -B(ref) 
parameters in the extended Arrhenius Eq. k =A (T I 
298)nexp( -BIT). k(ref), A (ref) and B(ref) are the ki­
netic parameters of reference reaction in relative rate 
determinations. Column 7 ("k ,A units") specifies the re­
action order and thus defines the units of k and A, as 
listed in Sec. 2 .. Column 8 (Uk err. factor") lists.the over­
all uncertainty factors assigned to k and A . 
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2. Summary of Symbols and Units 

Reaction Phuse Codes: 
G=gas. L=1iquid, S=solid, M=mixed phases (gas­

liquid, gas·solid, liquid-solid, gas-liquid-solid) 

Data Type Codes: 
EX (experimentally measured absolute value), 
RL (experimentally measured relative value), 
RN (RL normalized to absolute value), 
TH (theoretical value), 
DE (derived indirectly, e.g., using reverse rate and 

. equilibrium constant, or computer simulation of 
a complex mechanism) 

CO (computed numerically), 
ES (estimated, by analogy, etc.), 
SE (selected in the literature as probable "best" 

value), 
RE (currently recommended value). 

Type of excitation: 
(EXV) (vibrationally excited) 
(EXT) (translationallyexcited) 
(EXE) (electronically excited) 
(EXEV) (electronically and vibrationally excited), 

etc. 

Decadic exponent notation: 1.2(11) (stands for 
1.2 X 1011) 

Temperature (T): in kelvins (K). 

Arrhenius parameters are defined by 
k =A (T 1298)"exp( -BIT) 

Unit Codes for k, klk(ref), A, AlA (ref): 
1 (S-I), 
2 (cmJmor1s-1

), 

3 (cm6m01-2s-1
), 

Ill, 2/2, etc. (dimensionless), 
2/1 (cm3mnl-1). etc_ 

(T 1298) and n (the exponent of T) are dimensionless. 

Units for B, B -B(ref): kelvins (K). (Activation energy 
E=RXB). 

k(ref), A (ref) and B(ref) are the values for the "reference 
reaction" in relative rate determinations. 

k err. factor: Estimated overall Uncertainty Factor. It 
multiplies and divides k or A to indicate ap­
proximate error limits. It does not imply that 
errors in k are necessarily lognormaHy dis­
tributed. 
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3. Index of Reactions and Summary of Recpmmended Rate Parameters 
I I 

Reaction TIK n B 

o + ALXERE REACTIONS: 

o + CB2=CB2 ~ products 298 (4. 40±0. 56)(11) 

o + Ethene 200-500 6.4(12) *) 800±200 

o + CB2=CB2 -. CB3 + "CBO 

o + Ethene 

o '+ CB2=CB2 (EXV) -. product.1I 

o + Ethene(EXV) 

o + CD2eCD2 -. products 298 4.4(11) 

o + Ethene-d4 200-500 6.4(12) 1r) 800±200 

o + CBZ=C=CBZ -. products 298 7.4'(11) 

o + 1,2-Propadiene 290-500 1. 7 (13) *) 930±lOO 

o + CB2=C=CB2 -. B + [C3B301,' 

a + 1,2-Propadiene 

o + CB3CB=CB2 ~ products 298 (2.4±0.3)(12) 

o + 1-Propene 290-450 6.1(12) 1r) 280±100 

o + CD3CD=CD2 ~ products 298 2.4(12) 

a + 1-Propene-d6 

o + CBZ-cBCB-cB2 -. products 298 (1.19±0 . 10) (13 ) 

o + 1,3-Butadiene 290-500 1. 4(13) 40±150 

o + CB3CB2CB=CB2 ~ products 298 (2.50±0.19)(12) 

o + 1-Butene 290-450 8.1(12) 1r) 350±100 

o + cis-CB3CB=CBCB3 ~ products 298 (1.06±O.03)(13) 

o + cis-2-Butene 290-500 6.6(12) *) -140±40 

o + trans-CB3CB=CBCB3 -. products 298 (1. 31±0 . 12)( 13 ) 

o + trans-2-Butene 290-450 1.3(13) 1r) -10±100 

0+ (CB3 )ZC=CB2 ~ products 298 (1. 02±0. 06)( 13) 

o + 1-Propene, 2-methyl- 290-450 9.6(12) 1r) -13±100 

o + CB3CB2CB2CB-cBZ -. products 298 2.8(12) 

o + l-Pentene 

*) For qualifying notes, see this Reaction in the Tables of Kinetic Data. 

kerr. 

factor 

1.2 

1.5 

1.2 

1.5 

1.2 

l.~ 

1.2 

1.5 

1.2 

1.2 

1.5 

1.2 

1.5 

1.1 

1.5 

1.2 

1.5 

1.2 

1.5 

1.2 

Page 

271 

274 

275 

275 

276 

276 

276 

278 

279 

280 

281 

283 

284 

285 

265 
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Index of Reactions and Suamary of Recoamended Rabe Parameters -.;,. Continued 

Reaction T/K k,A n B kerr. Page 

cm3mol-1s-1 fact.or 

o + cis-cB3CB=aCBCB2CBa .. products 298 . 1.0(13) 1.3 285 

a + cis-2-Pent.ene 

0+ (CH3 )2CBCB=CH2 .. products 298 2.5(12) 1.2 285 

0+ 1-But.ene, 3-methyl- 290-500 6.0(12) *} 266 1.5 

a + (CH3 )2C=C8CH3 .. products 298 3.4(13) 1.2 286 

a + 2-Butene, 2-methyl- 290-400 1. 7 (13) -200:1:200 1.5 

o + CB3CHZCH2CHZCH=CH2 .. products, 298 2.8(12) 1.3 286 

a + 1-Hexene 

o + (CH3 }2C=C(CB3 )2 .. products 298 4.6(13) 1.2 2.87 

a + 2-But.ene, 1,2-Dimethyl- 290-550 1.5(13) *) -330:1:100 1.5 

o + cy-cB=CBCH2CB2CH2 .. products 298 1.27(13) 1.2 288 

o + Cyclopent.ene 290-450 1. 43(13) 40:1:100 1.5 

o + cy-CB=CBCB2CH2CH2CH2 .. :298 1.2(13) 1.2 288 

products 290-500 1.3(13) 30:1:200 1.5 

o + Cyclohexene 

o + cy-CH=C(cB3)CH2CH2CB2CH2 .. 298 5.4(13) 1.2 289 

products 290-450 1.4(13) -400:1:200 1.5 

o + Cyclohexene. 1-methyl-

a + cy-cB=CBCB-CBCB2CB2 .. product.s 298 5.5(13) 1.2 290 
o + 1,3-Cyclohexadiane 290-450 1.4(13) -400:1:200 1.5 

a + ClOD16 .. products 298 7; 1(13) 1.2 290 
o + d-Limonene 290-450 2.7(14) 400:1:200 1.5 

o + ClOD16 .. products 298 1. 7(13) 1.2 291 
o + 2-Pinene 290-450 1.9(14) 710:1:200 1.5 

o + ClODl6 .. products 298 1.6(13) 1.2 291 
o + Nopinene 290-450 1.5(14) 660:1:200 1.5 

o + BAl.OALlCENE and 0 + KETENE REACTIONS 

o + r.R'z:::r.'RF .. Pl"OOItf'!t-.fl 2QB (1 . QSo<foO . 46 ) (11 ) 1.2 ?'Q?' 

o + Et.hene, fluoro- 290-450 5.4(12) 1030:1:100 1.5 

*) For qualifying notes. see this Reaction in the Tables of Kinetic Data. 
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Index of Reactions and Summary of Recommended Rate Parameters --Continued 

Reaction T/K k,A n B kerr. Page 

cm3mol-1s-1 factor 

o + CBF=CBF ~ products 298 2.7(11) 1.;; 293 

o + Ethene, 1,2-difluoro-, 

o + cis-cBF=CBF ~ products 298 (1. 66±0. 48)(11) 1.2 293 

o + Ethene, 1, 2-difluoro- ,,(Z) - ' 290-450 7.2(12) 1170±150 1.5 

o + trans-CBF=CBF ~ products 298 (2. 78±0. 61)(11) 1.2 294 

o + Ethene,' 1,2-difluoro-, (E)- 290-450 8.1(12) 1037±150 1.5 

o + CD2-cF2 - p~udu~~. zaG ( 1 . 41;1;;0. 59)( 11 > 1.2 e94 

o + Ethene, 1, 1-di,fluoro- 290-450 4.2(12) 1120±150 1.5 

o + CBP-cFz - produc~G .208 (3. 45:1:1.20)(l1) l..2 .20S 

o + Ethene, trifluoro- 290-450 6.1(12) 950±150 1.5 

o + CF2-cF2 ~ products 298 (5. 88±1. 35)(11) 1.2 296 

o + Ethane, tetrafluoro- 290-400 1.6(12) 310±100 1.5 

o + CH2-cBCl ~ products 298 (3.85±0.96)(1l) 1.2 298 
o + Ethane, chloro- 290-450 3.4(12) 670±150 1.5 

o + CH2=CC12 * products 298 5.9(11) 1.2 298 
o + Ethene, l,l-dichloro-

o + CF2-cFCl ~ products 298 3.0(11) 1.2 299 
o + Ethene,- 290-450 2.3(13) 1300±200 1.5 

l-chloro-l,2,2-trifluoro-

o + CF2-CC12 ~ products 298 3.9(11) 1.2 299 
o + Ethane, 290-450 3.5(12) 6'60±100 1.5 

1,1-dichloro-2,2-difluoro-

o + CBCl=CC12 * products 298 5.9(10) 1.2 300 

o + Ethane, trichloro-

o + CH2=CBBr * products 298 (3.78±1.24)(1l) 1.3 300 
o + Ethene, bromo- 230-449 5.6(l2} 835±150 1.5 

o + CH3CF=CB2 ~ products 298 1.2(12) 1.2 300 
o + I-Propene, 2-fluoro-

o + CH2FCB-ca2~ products 298 5.0(11) 1.2 301 
o + I-Propene, 3-fluoro-

o + CB3CB-CF 2 ~ products 298 1.1(12) 1.2 301 
o + 1-Propene, 1,1-difluoro-
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Index of ReactioDS and Sunma.ry of RecODlll8Dti~ Rate Parameters -- Continued 

Reaction 'IlK k,A n :5 kerr. PCtse 

cm3mol-1s-1 fact.or 

o + CF3CB=CBZ ~ products 298 2.5(10) 1.2 301 

o + 1-Propene, 3,3,3-t.r1fluoro-

o + CP3CF=CFZ ~ products 298 1.5(10) 1.2 302 

o + 1-Propene, ?97-398 7.8(11) 1166:t:200 1.5 

1,1,2,3,3,3,-hexafluoro-

o + CPZ=CFCF=CFz,~ products 298 2.2(11) 1.2 302 

0+ 1,3-Butadiene, 

1,l,2,3,4,4-hexafluoro-

o + CBZ=CBCBZCl ~ products 298 6.1(11) 1.2 303 

o + 1-Propene, 3-chloro-

o + CB3C(CFs )=CBZ ~ products 298 (2. 26:t:0. 29)( 11), 1.2 303 

o + 1-Propene, 2-trifluoromethyl- 200-450 5.8(12) 942:t200 1.5 

o + CBZFCBZCB=CBZ ~ products 298 1.4(12) 1.2 304 

o + I-Butene, 4-fluoro-

o + CB3CBZCF=CFZ ~ products 298 (2.45:t0.05)(12) 1.2 304 

o + I-Butene, 1,1,2~trifluoro-

o + CBZ=CO ~ adduct(EXV) 298 (Z.31:t0.19)(1l) 1.2 '304 

o + Ethenone (Ket.ene) 230-449 1.8(12) 680:t200 1.5 

o + CBs~ ~ adduct(EXV) 298 (6.8.:1::0 .2)( 12) 1.2 305 
o + I-Propen-l-one 230-449 2.9(12) -2.50:t100 1.5 

o + CBSCBzca-co ~ adduct(EXV) 298 (7.34:0.84)(12) 1.2 305 

o + 1-But.en-l-one 230-449 3.2(12) -2Z0:t100 1.S 

o + (CBS)ZC=CO ~ adduct(EXV) 298 (3.0:t:0.6)(13) 1.2 306 
o + 1-Propen-l-one, 2-met.hyl- 230-449 3.6(12) -570::!:100 1.5 

o + AIJaRE BEACrIORS 

o + CBeCB ~ products 298 9.0(10) 1.2 307 
o + Et.hyne 250-1300 1.6(13) lS50:t100 1.5 

o + CBeCB ~ al + CBZ 300-2500 2.1(12) 1.5 850 2 309 
o + Ethyne 

o + CBeCB ~ B + CB=C=O 300-600 9.0(12) 2300:300 1.5 309 
o T ]!;t.hyne 1000-2~UO it.3(14} 0100 ;; 
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Index of Reaction~ and Summary of Rec~ended Rate Parameters -- Continued 

Reaction T/K 

o + CDeCD ~ products 298 8.6(10) 

o + Ethyne-d2 

o + CH3c=cH ~ products 298 (4.47±0.41)(11) 

o + 1-Propyne 290-1300 1.31(13) 

o + CH3c=cH ~ B + [C3B30]' 298 54.3(10) 

o + 1-Propyne 295-545 3.6(12) 

Arrhs. Eq . gives upper limits of k. 

o + CB=OC=CB ~ product& 

o + 1,3-Butadiyne 

o + CH2=CBc=cH ~ products 

o + 1-Butene-3-yne 

o + CH3CH2c=cH ~ CO + CH3CH=CB2 
o + l..,Butyne 

o + . CH3c=ccB3 ~ CO + CH3CH=CB2 

o + 2-Butyne 

o + CH3CH2CH2c=cH ~ CO(EXV) 

+ CH3CH2CH2CH: 

o + 1-Pentyne 

o + CH3CH2CH2CH2c=cH ~ CO(EXV) 

+ CH3CH2CH2CH2CB: 

o + 1-Hexyne 

o + AROMATIC HYDROCARBON REACTIONS 

o + C6B6 ~ products 

o + Benzene 

o + C6D6 ... products 

o + Benzene-d6 

o + C6B5CH3 .~ products 

o + Benzene, methyl-

o + CSB5CD3 ~ products 

o + 1,1,1-trideuterotoluene 

298 1.4(12) 

298-1300 4.5(13) 

298 l. 4 (12) 

298-1300 3.0(13) 

298 l. 2(12) 

298-1300 2.0(13) 

298 

,290-360 

298 

298 

298 

298-600 

298 

376-944 

298 

298-932 

298 

298-944 

2.9(12) 

6(13) 

4.5(11) 

3.3(11) 

(1. 22±0. 29) (10) 

l. 52( 13) 

*) 

*) 

5.0(10) 

l. 63(13) 

5.2(10) 

2.2(13) 

n B 

1000±100 

1320±400 

990±300 

910±200 

835±100 

900±300 

2130±200 

*) 

1720±200 

1800±200 

kerr. 

factor 

l.2 

l.1 

1.2 

l.2 

l.5 

l.2 

l.2 

l.2 

l.5 

l.2 

l.5 

1.2 

l.5 

l.5 

l.5 

l.3 

2 

l.3 

2 

1.4 

2 

1.5 

2 

269 

Page 

310 

310 

311 

311 

312 

312 

312 

313 

313 

314 

315 

315 

316 
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Index of Reactions and Sumnaxy of Recoomend~d, Rate Parameters -- Continued 

Reaction T/K k,A n B kerr. Page 

cm3mol-1s-1 factor 

o + CSBSCD2CD3 - producLs Z95 6(10) 317 

o + Benzene. ethyl-

o + o-CB3CSB4CB3 ~ produc~a 298 1.2(11) 1.3 317 

o + a-Xylene 298-600 (1.5±1.2)(l3) 1382±300 2 

o + o-cD3CSD4CD3 ~ products 298 1.2(11) 1.3 318 

o + o-Xylene-d10 298-600 2.1(13) 1550 2 

o +mrCB3CSB4CH3 ~ products 298 2.4(11) 1.3 318 

o + m-Xylene 298-600 (1.5±1.1)(13) 1216±200 2 

o + mrCDaC6D,CDa ~ products 298 2.4(11) 1.3 319 

o + m-Xylene-d10 298-600 (1. 7±O .4)(13) 1290±80 2 

o + p-CH3CSB4CH3 ~ products 298 1.2(11) 1.2 319 

o + p-Xylene 298-600 (1.S7±1.10)(13) 1409±185 2 

o + CSBSC(CH3 >3 ~ products 298 4(10) 2 320 

o + Benzene, t-butyl-

o +,l,2,3-(CH3)3CSB3 ~ products 298 6.9(11) 1.3 320 

o + Benzene, 1,2,3-trimethyl- 298-400 1.Q(13) 800±300 2 

o + l,2.,4-CCH3)3C6B3 ... product.s 298 6(11) 1.3 320 

o + Denz;ene, 1,2,4-t...d.Illt:t..hyl- Z95-400 9{lZ) ao 0:!:3 00 Z 

o + 1.3.5-(CH3)3CSB3 ~ products 298 1. 6(12) 2 321 
o + BOn20nQ, 1,3,S-trimethyl- 208-600 6.0(12) 400;1;;200 2 

o + CSBSR ~ products 298 4.3(10) 2 321 

o + Pyridine 300-S00 2.9(12) 1260±300 2 

o + C6BSC1 ... products 298 3(11) 3 322 
o + Benzene, chloro-

o + CSBSF ~ products 298 8(9) 322 

o + Benzene, fluoro-

o + CSBSCF3 ~ products 298 3.5(9) 322 

o + Benzene, trifluoromethyl-
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4. Tables of Cbemic~~ ,Kinetic Data 

Table 4.1. Data for O(3P ) ,Reactions with Alkenes 

Reaction, Rezerence Code"Notes 

o + CB2=CB2 ~ products 

Oxygen atom + Ethene 

58 KAU 

Discharge flow-O+NO chemiluminescence. 

Overall k is "about" 5x1010 cc/mol. sec. 

60 CVE2 

k/kref from products in competing expts.: 

298K: O.034±0.002; 400K: 0.081±0.OOS. 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized values (86 CVE): 

k(298)=4.32(11), A~1.44(13), B=1051. 

60 ELI/SCB 

Discharge flow-O+NO chemiluminescence. 

P = 0.25-7.5 torr. 

Discharge flow-O+NO chemiluminescence. 

P = 1.4-2.4 torr. 

63 ELI 

Discharge flow-Mass spectrometry 

63 AVR/KOL 

Discharge flow-Final products. 

(Review: 64 AVR/KOL). 

63 AZA/NAL 

Ignition limits. An error in Arrh. A 

corrected in 73 HER/HUI. 

67 BRO/THR 

Discharge flow-ESR. P=1.4-2.8 torr. 

67 TAN/TSU 

Diseharso fLow-Macc speotrometry. 

69 NIK/DAB 

Discharge flow-Mass spec. P=1.0-2.3 torr. 

'69 WES/DEH2 

Discharge flow-ESR. P=O.S-1.33 torr. 

*) Curved Arrhenius plot. Values of k are: 

195K: (1.44±O.05)(11); 226K: (2.05±0.1)(11); 

273K: (3.3±O.1)(11); 298K: (4.5±O.3)(11); 

3a1K: (7.4±O.1)(11); 548K: (1.78±0.05)(12); 

555K: (1.96±0.05)(12); 715K: (3.4±0.2)(12). 

71 ATK/eVE 

Phase shift-O+NO chemiluminescence. 

Updated in 74 FUR/ATK and 76 SIN/CVE. 

Data T/K 

type 

EX 296 

RL 298-400 

EX 298 

k,k/k(ref), 

A,A/A(ref) 

5(10) 

1.01 

(7.23±2.41)(11) 

EX 223-465 (1.1±0.4)(13) 

EX 298 

EX 223-613 

EX 313-503 

EX 843-933 

EX 298 

EX 300 

EX 300 

EX 2gS 

EX 195-715 

EX 298 

5.72(11) 

8.4(12) 

6(10) 

1. 4 (14) 

{3 . 2±0 . 4 ) ( 11 ) 

{2. 2±1.1)( 11) 

(3. 13±0 . 24) (11) 

(', .52:0.30) (11) 

*) 

(3. OO±O. 24 )(11) 

n 

*) 

B, k,A kerr. 

B-B(ref) units factor 

1011 

800 

800 

680 

4080±250 

*) 

2 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Table 4.1. Data for O(3P) Reactions ,with Alkenes -- Continued 

Reaction, Reference Code, Notes Data T/K I k ,k{k(:ref), n B, k,A kerr. 

type A,A/ACref) B-B(ref) unit.s factor 

o + CBZ=CBZ -+ products -- Continued 

n. A'fK/f.:,Vl:. ,t:.;X :G~!:s-4/4 5.1(lZ) ~:f10:t:'>U Z 

Phase shift-o+NO chemiluminescence. 

Updated in 76 SIN/CVE. 

n STU/NIX EX 300 (3.7Q± *) )(11) 2 

Flash photolysis"'NO+O chemilUminescence. 

*) Stated error limits: +5%, -15%. 

72 STU/NIK EX 298:t2 (~. 76:tO. 38) (11) 2 

Flash photolysis-NO+O and CO+O 

chemiluminescence. 

72. DAV/RUI EX 298 5.22(11) 2 

Discharge flow-Mass spectrometry. 

EX 298 (5. 30±Q .27) (11) 2 

Flash photolysis-Kinetic absorption. 

IDi: 2S8 (~. 06:t:0 • ..30) (.11) z 

Flash photolysis-Resonance fluorescence. 

EX 232-500 (3 . 26±O .18) (12) 569±16 2 

Flash photolysis-Resonance fluorescence. 

73 KUR/HUI EX 298 (4. 79±O .48) (11) 2 

Flash Photolysis-Resona~ce fluorescence. 

73 HER/SUI SE 298 4.9(11) 2 l.2 

BE 200-500 3.3(12) 565 2 1.2 
74 FUR/ATK EX 298 (4. 32±0. 45) (11) 2-

Phas9 shift-O+NO chemiluminescence. 

P '" 30-90 torr. 

74 ATK/PIl'2 EX 300 (4. OO±O. 40) (11) :2 

Phase shift-O+NO chemiluminescence. 

Error shown is estimat.ed "overall" error. 

74 ATK/PITl EX 298-392- 3.37(12) 639±lOO 2. 

Phase shift.-O+NO chemiluminescence. 

Error shown is estimat.ed "overall" error. 

74 SLA/PRU EX 298 (4. 64±O. 22)( 11) 2 

Discharge flow-Mass spectrometry. 

P=O. 78-2.14 torr. 

74 M:C IU. 298±5 O. 042±O. 010 2/2 

Ref. Rn: 0 + Isobutene ... products 

k/kre! obtained from ratios of NO+O chemi-

luminescen'ce signals with different olefins. 

o from O2 photolysis at 184.9 DID. 

Current normalized value (86 CVE): k=4.28(11) 

76 SIN/CVE EK 2.~O (4.2.:3J;;O.lO)(1.1) Z. 

EX 298-486 (6. 98:t0. 89) (12) 845±47 Z 

Phase shift.-O+NO chemiluminescence. 
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Table 4.1. Data for O(3P) R~aFt.iODs with Alkanes -- Continued 

Reaction, Reference Code, Notes 

o + CB2=CB2 ~ products -- Continued 

76 MAN/BRA 

Flash-photolysis. Resonance-fluores­

cence. P(tot) = 5 torr. 

77 ATK/PITl 

Flash photolysis-Chemiluminescence. 

Error in B is "estimated overall" error. 

80 SUG/ISH 

Pulse-radiolysis. Resonance­

absorption. P = 50-950 torr. 

82 NIC/RAV 

Flash-photolysis. Resonance-fluorescence. 

o generated by flash-photolysis of O2 , 

[0) - (2-4)(10) molee.em-3 . P(Ar)=100 torr. 

[CH2=CH2 ) = (0.01-2.0)(15~ molee.cm-3 _ 

Arrhenius plot. is linear below 500 K 

but exhibits a curvature above 500 K. 

Measuredk values above 500 K are: 

552K: (1.6±0.2)(12); 695K: (2.4±0.3)(12); 

70SK: (2. 3±0; 2) (12); 736K: (2. 7±0. 3)(12); 

811K: (3.0±0.4)(12); 835K: (3.5±0.9)(12); 

944K: (4.2±1.2) (12). 

83 FON/MAE 

Discharge flow-mass spectrometry with 

molecular beam sampling. Large excess of O. 

*) Effect of pressure (0.5-5 torr He) on k: 

Valu~~ Q£ kxlO- 11 at 0.5, Z & 5 tQ •• : 

At 298K: 4.10±;48; 4.04±.60;3.79±.18. 

At 552K: 15.7±0.6; 14.5±O.8; 14.5±0.4. 

A~ 736K; 29.5~2.0; 27.7~2.2; 27.7~2.4. 

Thus, no evidence of "fall-off" found. 

84 CVE/SIN 

Solec~ed as ~he mean of a chosen ee~ of 

data. 

84 PERl 

o atoms from F2 excimer laser photolysis 

(157 nm) of O2 & NO; monitored by No+o 

chemiluminescence. Curved Arrhenius plot. 

k(298K)=4.59(11) (calcd. from Arrhs. Eq.) 

Data 'T/K 

type 

EX 298 

EX 298 

EX 298-439 

EX 296±2 

EX 298 

EX 298-500 

EX 298-736 

SE 298 

EX 294 

EX 294-820 

k ,k/k(ref) , 

A,A/A(ref) 

( 4 . S±O .2)( 11 ) 

(4. 58±0. 46)( 11) 

5.56(12) 

(6.0±1.2)(11) 

(4.32±0.44)(11) 

(7.35±3.73)(12) 

*) 

(4 .58±O .16)(11) 

(4 . 55±O . 46)( 11 ) 

4.63(12) 

n B, 

B-B(ref) units fac·tor 

742±100 

870±190 

0.63 689 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Table 4.1. Data for 0(3p) Reactions .~th Alkanes -- Continued 

Reaction, Reference -Code, Notes 

0+ CBZ=CBZ ~ products -- Continued 

84 PER2 

o atoms from FZ excimer laser photolysis 

(157 nm) of O2 « NO; monitored by NO+O 

chemiluminescence. Curved Arrhenius plot. 

k(298K)=4.96(11) (calcd. from Arrhs. Eq.) 

84 BRO/STU 

o atoms from H2 laser photolysis of NO, 

monitored by O+NO chemiluminescence. 

86 CVE 

Derived from relative k data (60 CVE2) 

using for Cyclopentene k=1.27(13). 

Derived from relative k data (60 CVE2) 

using for Cyclopentene A=1.43(13), B=40. 

Derived from relative k data (74 MeC), 

using for Isobutene k-1.02(13) 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Recommended values of A and B for 

200-500K assuming linear Arrhenius plot. 

Bowever, e~i&h~~y ~urv.d p~O~D beve been 

observed (see, for e.g., 69 WES/DEB, 

76 SIN/CVE, 82 NIK/RAV). 

o + CBZ=CBZ .. CBa + CBO 

A reaction path in 0 + CH2=CH2 ~ produetK 

(see 84 CVE/SIN and Sections 1.2 and 1.8) 

82 TEM/WAG 

Ref. Rn: 0 + CH2=CH2 ~ products 

Reaction of 0 with CB2=CH2 in an isothermal 

discharge-flow reactor, with He as carrier 

gas. LMR-spectrometry. P = 0.75-3.0 torr. 

In the pressure range 0.75-3.0 torr the 

"branching ratio" of this reaction path 

(k/kref ) is in the range 0.35-0.60. 
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Data T/K 

type 

EX 260-860 

EX 298 

EX 197-372 

RN 298 

RN 298-400 

RN 298±5 

RE 298 

RE 200-500 

RL 298 

I k,k/k{ref), 

A,A/A{ref) 

2.87(12) 

(3. 98±0 .24)( 11) 

(5.06±1.63)(12) 

(4.32±0.25)(11) 

~.44(13) 

(4 .28±1.02) (11) 

(4. 40±0. 56)( 11) 

6.4(12) 

0.35-0.60 

n 

1.0 

*) 

B, k,A kerr. 

B-B-(ref) units ·factor 

523 

757±120 

1051 

800±200 

2 

2. 

2 

2 

2 

2 

2 

2 

2/2 

1.2 

1.5 



CHEMICAL KINETIC DATA FOR REACTIONS OF OXYGEN WITH HYDROCARBONS 275 

Table 4.1: Data for O(3P) Re~c~iODs with Alkenes --Continued 

Reaction, Reference Code, Notes 

o + CB2=CB2 (EXV) ~ products 

Oxygen atom + Ethene(EXV) 

76 MAN/BRA 

Flash photolysis-Resonance fluores,cence. 

Ethene excited by IR laser. P(Tot)=5 torr. 

The quoted rate is k/k(unexcited ethene). 

The observed value of 1.05 shows that 

there is little or no effect of excited 

vibration since a value of 1.08 is calcu­

~at~d for thorma~ hoating ~Y the 1aser a1one. 

o + CDZ=CDZ ~ products 

Oxygen atom + Ethene-d4 
72 STU/NIK 

Flash photolysis-NO+O & CO+O chemilumi-

nescence. 

73 KUR/HUI 
t' 

Flash photolysis-Resonance fluorescence. 

An "overall" estimate of the error in k 

is given as 10%. 

82 NIC/RAV 

Flash-photolysis. Resonance-fluorescence. 

o generated by flash-photolysis of O2 . 

[0] - (2-4)(10) molec.cm-3 . P(Ar)=100 tor~ 

[CD2=CD2 ] = (0.01-2.0)(15) molec.cm-3 . 

Arrhenius plot is linear below 500 K, 

but exhibits a curvature above 500 K. 

Measured k values above 500 K are: 

523K; (1.5:0.1)(12); 595K: (1.6:0.2)(12); 

708K: (2.3:1:0.2)(12); 8llK: (2.6:1:0.3)( 12). 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Rocommondod va1uos of A and B for 

200-500K assuming linear Arrhenius plot. 

However, slightly curved plots have been 

observed (see, for e.g., 69 WES/DEH, 

76 SIN/CVE, 82 NIK/RAV). 

Data T(K 

type ~ 

RL 298 

EX 298:1:2, 

EX 298 

EX 298 

EX 298-475 

RE 298 

RE 200-500 

k,k/k<ref) , 

A,A/A(ref) 

1. 05±O. 34 

(3.37±0.34)(11) 

(4. 93±O. 49) (11) 

(4. 49±0. 38)(11) 

(7.35±3.73)(12) 

4.4(11) 

6.4(12) 

n 

*) 

B, k,A kerr. 

B-Btref) units factor 

870±190 

800:!:200 

2/2 

2 

2 

2 

2 

2 

2 

1.2 

1.5 
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Table 4.1. Data for O(3P) Reactions with Alkenes -- Continued 

Reao~ion, Ro£o~ono. Codo, Notos Data T/Y. k,kik(%'o£) , II, k,A k' err. 

type A,A/A(re!) B-B(ref) units faetor 

o + ~""C=CB2 .. products 

Oxygen atom + 1,Z-Propadiene (Allene) 

77 ATK/PIT2 EX 297 (6.94:0.66) (11) 2 

EX 297-439 1.23(13) 883%100 ,2 

Flash-photolysis. NOZ chemiluminescence. 

Error in B is "estimated overall" error. 

79 NIP/SIN EX 298 (7.83:0.17 )(11) 2 

EX 298-574 (1.8:0.3)(13) 941:54 2 

Modulated, Hg-sensitized N20 decomposition. 

Phase-shift technique. 

80 ALE/ARU , EX 295-860 1.0(13 ) 956%100 2 

Resonance-fluorescence. 

k(298K)=4.0(11) (ealcd. from Arrha. Eq.) 

Recommended value of k 1m 298 7.4(11) 2 1.2 

Recommended values of Arrhenius A and B RE 290-500 l.7(13) >'r) 930%100 2 1.5 

*) Assumed linear Arrheriius plot in 

the temperature range 290-450X. 

o + CB2 -=Co=C112 .. B + [C3B3O)' 

A path in the rn. 0 + CBZaC=CHZ .. products 

80 ALE/ARU EX 295-860 6.6(12) 1535:1:150 2 

Resonance-fluorescence .' 

k(298K)-3.8(lO) (calcd. from Arrhs. Eq.) 

o + CB3CB==CBZ .. products 

Oxygen atom + l-Propene 

59 CVE RL 298 0.23 2/2-

k/kref from products in competing expts. 

Ref. Rn: 0 + Isobutene .. product.s 

Current normalized value (86 CVE): k-=Z.35(lZ) 

63 AVR/KOL EX 313-393 1. 72(12) 1510 2. 
Discharge flow-Final products. Extrapolated 

k(298K)-1.lCl0) . (Review: 64 AVR/KOL). 

71 STU/NIK EX 300 (2.17:1: *) )(lZ) 2. 

Flash photolysis-NO+O chemiluminescence. 

1<) Stated error limits: +5%, -15%. 

72 HUI/HERl EX 298 2.40(12) 2 

Flash photolysis-Re$o~ance fluorescence. 

Also k=2.07(12) at 215K; k=2.27(12) at 257K. 

72 KUR EX 298 (2.22:1:0.15)(12) 2. 

EX 298-424 (2.51:0.20)(12) 38:tZ2 2 

Flash photolYSis-Resonance fluorescence. 
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Table 4.1. Data for O(~P) Readtions with Alkenes -- Continued 

Reaction, Reference Code, Notes 

o + CB3CB=CBZ ~ products --Continued 

73 HER/HUI 

74 FUR/ATK 

Phase shift-O+NO chemiluminescence. 

74 ATK/PIT2 

Phase shift-O+NO chemiluminescence. 

Error shown is estimated "overall" error. 

74 ATIC/PIT1 

Phase shift-O+NO chemiluminescence. 

Error shown is estimated "ove~all" error. 

74 MCC 

Ref.· Rn: 0 + Isobutene ~ products 

k/kref obtained from ratios of NO+O chemi­

luminescence signals with different olefins. 

o from O2 photolysis at 184.9 nm. 

Current normalized value (86. CVE): k=2.0{t-(12) 

75 GAF/ATK1 

Product yields in competing expts. 

Ref. Rn: 0 + Cyclppentene ~ products 

Normd. k=2.10(12); update (86 CVE) 2.30(12). 

76 SIN/CVE 

Phase shift-O+NO chemiluminescence. 

77 ATK/PITl 

Flash photolysis-Chemiluminescence. 

Error in B is "estimated overall" error. 

77 MIC/LEE 

Discharge flow-Resonance fluorescence. 

F = O.76-Z.~ ~orr. 

78 KOH 

o <1\;.VIII:> .LIOm HZ laser pho1:.01YS1S ot NO, 

monitored by O+NO chemiluminescence. 

80 SUG/ISH 

Pulso-radiolYGiG. ReGoncnce-cbGo~ption 

P = 50-950 torr. 

82 BIE/HAR 

Discharge-flow system. Photoionization 

mass-spec. P(Tot) - 2 torr. 

84 CVE/SIN 

Selected as the mean of a chosen set of 

data. 

Data T/K 

type 

SE 298 

SE 200-500 

EX 298 

EX 300 

EX 208-302 

RL 2Q8±5 

RL 296±2 

EX 298 

EX 298-483 

EX 298 

EX 298-439 

EX 298 

EX 298 

EX 200-353 

EX Z96±2 

EX 298 

SE 298 

k,k/k(ref) , 

A,A/A(ref) 

2.2(12) 

2.5-(12) 

(2.02±0.17)(12) 

(2. 01±0. 22){ 12) 

2.08(12) 

0.20±0.05 

0.181±0.010 

(2.28±0.08)(12) 

(7. 58±0. 42) (12) 

-(2. S9±0. 27)( 12) 

6.32(12) 

(2.38±O.25)02) 

(2. 03±0.11) (12) 

(3. 61±0. 42)(12) 

(2.83±0.18)(12) 

(2. 65±0. 36) (12) 

(2. 44±0 .12) (12) 

n B, k,A kerr. 

B-B'(ref) units factor 

38 

0:150 

363±20 

259±10{) 

168±36 

2 

2 

2 

2 

2 

2/2 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.2 

1.2 
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Table 4.1. Data fo~ O(3P) Reactions w,i~b Alkenes --Continued 

Reaction, Reference Code, Notes 

84 PERl 

o atoms from F2 excimer laser photolYSis 

(at 157 nm) of O2 and NO; [0] monitored 

by NO + 0 chemiluminescence. 

Curved Arrhenius plot:, 

k(298K)=2.98(12) (calcd. from Arrhs. Eg.) 

84 BRO/STU 

o atoms from B2 laser photolYSiS of NO, 

monitored by O+NO chemiluminescence. 

86 CVE 

Derived from relative k data (59 CVE) 

using for Isobutene k=1.02(l3) 

Derived from relative k data (74 HeC) 

using for Isobutene kc l.02(13) 

Derived from relative k data <75 GAF/ATKl) 

using for Cyclopentene k~1.27(13) 

Recommended value of k 

Recommended values of Arrhenius A and B 

290-450K assuming linear Arrhenius plot. 

However, slightly curved plots have been 

ohso.rvoti (su~o, for o.s., 76 SIN/CVE, 

84 PERL, 84 PER2). 

o + CD3CD=CD2 ~ products 

Oxygen atom + 1-Propene-d6 
84 PERL 

o atoms from F2 excimer laser photolysis 

<at 157 nm) of O2 and NO; {OJ monitored 

by NO + 0 chemiluminescence. 

Curved Arrhenius plot: 

k(298K)-2.88(12) Cealed. from Arrhs. Eq.) 

Recommended value of k 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data 11K 

type 

EX 293 

EX aSS-SSl 

EX 298 

EX 197-367 

RN 298 

RN 298:1:5 

RN 296±2 

RE 298 

RE 290-450 

EX 285 

EX 285-817 

RE 298 

k,k/k(ref), 

A,A/A(ref) 

(2. 69±0. 27)( 12) 

4.420(11) 

(2.11±0.09)(12) 

(4. 52±1. 81) (12) 

2..35(12) 

(2.04±0.51)(12) 

(2. 30±0 .13)( 12) 

(2.4±0.3)(12) 

6.1(12) 

(2. 77±0 .28)( 12) 

S.73(11) 

2.4(12) 

n B, k,A kerr. 

B-B~ref) units factor 

2.56 -SSQ 

216±36 

>'r) 280±100 

2.53 -609 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.2 

1.5 

1.2 
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Table 4.1.. Data for O(3P) Reactions with Alkanes -- Continued 

Reaction, Reference Code, Notes 

o + CH2=CBCB=CB2 ~ products 

Oxygen atom + l,3-Butadiene 

60 CVE/DOY 

k/kref from products in competing.expts.: 

299K: 0.810±0.018; 400K: 0.884±0.011. 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized values (86 CVE): 

k(298);1.03(16), A;1.63(13), B=143 

73 HER/HUI 

74 MCC 

Ref. Rn: 0 + Isobutene ~ products 

k/kref obtained from ratios of NO+O chemi­

luminescence signals with different olefins. 

o from 02 photolysis at 184.9 nm. 

Current normalized value (86 CVE): k=9.79(12) 

77 ATK/PIT2 

Flash-photolysis. N02 chemiluminescence. 

Error in B is "estimated overall" error. 

79 NIP/SIN 

Modulated Hg-sensitizedN20 

decomposition. Phase-shift technique. 

80 SUG/ISH 

Pulse-radiolysis. Resonance­

absorption. P = 50-950 torr. 

86 CVE 

Derived from relative k data (60 CVE/DOY) 

using for Cyclopentene k=1.27(13). 

Derived from relative k's (60 CVE/DOY) using 

£Q~ CyclQpen~ene A·l.43(13), ~=40. 

Derived from relative k data (74 MCC) 

uein6 fo~ Ieobu~ene k-l.02(13) 

Roeommondod valuo of k 

Recommended values of Arrhenius A and B 

Data T/K 

type 

RL 299-400 

SE 298 

SE 298-400 

RL 298±5 

EX 297 

EX 297-439 

EX 299 

EX 296±2 

RN 299 

RN 299-400 

RN 298:1:5 

RE 208 

RE 290-500 

k,k/k(r.ef) , 

A,A/A(ref) 

1.14 

1.2(13) 

3 _ 4(12) 

0.96:1:0.35 

( 1. 17:1:0 . 11 )( 13 ) 

1. 36(13) 

(1.31±0.04)(13) 

(1.2±0.1)(13) 

(1.03±0.02)(13) 

1.63(13) 

(9. 79±3. 57)(12) 

(1.19:0.10)(13) 

1. 4 (13) 

n B, k,A kerr. 

B-B(ref) units factor 

103 

-380 

53±100 

143 

40:1:150 

2/2 

2 

2 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

1.3 

1.3 

1.Z 

1.5 
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Table 4.1. Data for O(3P) Reac~ipns with Alkanes -- Continued 

Reaction, Reference Code, Notes Data T/K! k,k/k(ref), n B, k,A kerr. 

type A,A/A(ref) B-B(ref) units factor 

o + CB3CB2CB=CB2 .. products 

OXygen atom + 1-Butene 

60 CVE2 RL 299-399 0.74 404 2/2 

k/kref from products in competing expts.: 

299K: O.19l±O.OO6; 399K: 0.268±O.Oll. 

Ref. Rn: a + Cyclopentene ~ products 

Current normalized values (86 CVE): 

k(298)=2.43(l2) , A=1.06(13), BE 444 

71 BUI/HER EX 298 (2. 41±O .19 )(12) 2 

Flash'photolysis-Resonance fluorescence. 

71 HUI/HER EX 259-493 (8.79±O.90)(12) 382±30 2 

Flash photolysis-Resonance fluorescence. 

72 BUI/HERl EX 190-491 *) *) *) 2 

Flash photolysis-Resonance fluorescence. 

*) Curved Arrhenius plot. Values of kxlO-12 

increase from 1.95(190K) to 3.57(491K).· 

Authors assume two simultaneous processes: 

a-addition (A-(2.2±1.1)(12); B~25±106) and 

H-abstraction (A-9.6±5.4)(12); B=990±216) 

73 HER/BUI SE 298 2.3(12) 2 1.2 

SE 180-500 *) *) *) 2 1.2 

*) Selected expression for kQf(T): 

k=2.3(12)exp(-25/T) + 9.6(12)exp(-990/T) 

(The 1st term is assumed to be addition and 

the 2nd H-abstraction by a atoms. For con-

trary views see 84 CVE/SIN). 

74 FUR/ATK EX 298 (2.40±0.32)(12) 2 

Phase snlt~-OTNO cnem1~um1nescence. 

p = 30-50 torr. 

74 M::C RL 298±5 0.18±O.O7 2/2 
Re£. :an; 0 + IeoLut.t:tut:t - iI.t"oduct.& 

k/kref obtained from ratios of NO+O chemi-

luminescence signals with different olefins. 

o from Oz pho~olyaia e~ 184. G :run. 

Current normalized value (86 CVE): k=1.84(12) 

76 SIN/CVE EX 298 (2.38±O.O6)(12) 2 

EX 208- 1,91. (7.21 .. 0. 1,1,) (12) 332=23 2 

Phase shift-O+Na chemiluminescence. 

77 ATK/PITl EX 298 (2.73±O.28)(12) 2 

EX 29B-4:.JQ Po 37(12) 334",=100 2 

Flash photolysis-Chemilumdnescence. 

Error in B is "estimated overall" error. 
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Table 4.1. Dat.a for Oe3p) Reactli:ons with Alkenes -- Continued 

Reaction, Reference Code, Notes Data TIK k,k/k(ref) , n B, k,A kerr. 

type A,A/A(ref) B-B(ref) units factor 

o + CB3CBZCB=CBZ .. product.s -- Continued 

80 SUG/ISH EX 296±2 (2.8±0.3)(12) 2 

Pulse-radiolysis. Resonance-absorption 

P "" 50-950 torr. 

84 CVE/SIN SE 298 (2. 55±0 .07)( 12) 2 

Selected as the mean of a chosen data set. 

84 PER2 EX 260-860 4.45(11) 2.34 -528 2 

o atoms from F2 excimer laser photolysis 

(1~7 nm) or O2 « NO; mon1tqred by NOTa 

chemiluminescence. Cu~ed Arrhenius plot. 

k(298K)-2.62(12) (calcd. from Arrhs. Eq.') 

84 BRO/STU EX 298 (2.43±0.07)(12) 2 

EX 197-372 (5.54±1.81)(12) 241±60 2 

o atoms from H2 laser photolysis of NO, 

mnnitn?~n hy O+NO eh~m~luminA~cAncA_ 

Curved Arrhenius plot. For T<273K B=186. 

For T>273K B-403. 

86 CVE RN 298 (2. 43±0. 08)(12) 2 

Derived from relative k data (60 CVE2) 

using for Cyclop~ntene k-1.27(13). 

RN 299-399 1.06(13) 444 2 
Derived from relative k data (60 CVE2) 

using for Cyclopentene A-l.43(13), B-40. 

RN 298±5 {1.84±0.71)(12) 2 

Derived from relative k data (74 MeC) 

using for Isobutene k-1.02(13) 

Recommended value of k RE 298 (2. 50:!:0.19) (12) 2 1.2 
Recommended values of Arrhenius A and B RE 290-450 8.1(12) *) 350:!:100 2 1.5 

*) Assumed linear Arrhs. plot for 290-450K. 

Slightly curved plots are observed (see 

for e.g. 73 HER/HUI, 76 SIN/evE, 84 BRO/STU) 

o + cia-cB3CB-<:BCB.3 .. product.s 

Oxygen at.om + cis-2-Butene 

60 CVE1 RL 300 0.00101.0.011, 2/2-

k/kref from products in competing expts. 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized value (86 evE): k=1.02(13) 

73 DAV/HUI EX 298 (1.03±0.O4)(13) 2 

EX 268-443 (5.84±O.58)(12) -161±32 2 
Flash photolysis-RAsonancA fluorAscAncA_ 

73 HER/HUI SE 298 1.0(13) 2 

SE 200-500 5.9(12) -165 2 1.2 
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Table 4.1. Da~a for O(3P) Reac~iop$ with Alkanes -- Continued 

Reaction, Reference Code, Notes 

74 FUR/ATK 

Phaoo ch1£t-o+NO ohom1~um1nocoonoo. 

P 0: 30-50 torr. 

74 fCC 

Ref. Rn: 0 + Isobutene ~ products 

k/kref obtained from ratios of NO+O chemi­

luminescence signals with different olefins. 

o from'02 photolysis at 184.9 nm. 

Current normalized value (86 tvE): k=8.06(l2) 

76 SIN/CVE 

Phase shift-O+NO chemiluminescence. 

77 ATK/PITl 

Flash photolysis-Chemiluminescence. 

Error in B is "estimated overall" error. 

80 SUG/ISH 

Pulse-radiolysis. Resonance-absorption. 

p - 50-950 torr. 

84 CVE/SIN 

Selected as the mean of a chosen set of 

data. 

84 PER2 

o o.t.omD £:z:om t'2exc.imel: ~CleeL phut.ul-y:.illo 

(157 nm) of O2 « NO; monitored by NO+O 

chemiluminescence. Curved Arrhenius plot. 

lc:(2Q810-1_nQC13) Cealed. :from .Arrhc. Eq.) 

86 CVE 

Derived from relative k data (60 CVEl) 

using for Cyclopentene k-1.27(13). 

Derived from relative k data (74 MCC) 

using for Isobutene k=L02(13) 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Assumed linear Arrha. plot for 290-500K. 

Slightly curved plots are observed (see 

for e.g. 76 SIN/CVE, 84 PER2) 
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Data T/K I 

type 

EX 298 

RL 298::!:5 

EX 298 

EX 298-484 

EX 298 

EX 298-439 

EX 296:2 

SE 298 

EX 260-860 

RN 300 

RN 298:5 

RE 298 

RE 290-500 

k,k/k(ref) , 

A,A/A(ref) 

(9.00:t1.76)(12) 

0.79:tO.25 

(1. 015::!:0. 04)( 13) 

(15. 68:t0. 23) (12) 

< 1. 09:t0. 11) (13) 

7.29(12) 

(1.2:t0 .2}{13) 

(1. 06:0.02)( 13) 

5.156(11) 

(1.02:0.02)(13) 

(8.06:2.55) (12) 

(1.06::!:0.03)(13) 

6.6(12) 

n B, k,A kerr. 

B-B{ref) units factor 

-135:13 

-118::!:100 

2.07 -881 

*) -140:1:40 

2 

2/2 

2 

2 

2 

2 

2 

2. 

2. 

2 

2-

Z 

1.1 

1.5 
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Table 4.1. Data for O(3P) ReactiOns with Alkenes -- Continued 

Reaction, Reference Code, Notes 

o + tr8Ds-ca3CB=CBCB3~ products 

Oxygen atom + trans-2-Butene 

60 CVEl 

k/kref from products in competing expts. 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized value (86 CVE): k=1.21(13) 

73 HER/HUI 

74 MCC 

Ref. Rn: 0 + Isobutene ~ products 

k/kret ob~ained f~om ra~ios, of NO*O chemi­

luminescence signals ~ith different olefins. 

o from O2 photolysis at 184.9, nm. 

Current normalized value (8S CVE), k=1 ?8(13) 

'7 ATK/PITl 

Flash photolysis-Chemiluminescence. 

Error in B is "estimated overall" error. 

,0 SUG/ISH 

Pulse-radiolysis. Resonance-abso'rption 

P = 50-950 torr. 

84 CVE/SIN 

Selected as the mean of a chosen set of 

data. 

84 PER2 

o atoms from F2 excimer laser photolysis 

(157 nm) of O2 & NO; monitored by NO+O 

chemiluminescence. Curved,Arrhenius plot. 

k(298K)=1.21(13) (ealed. from Arrhs. Eq.) 

86 CVE 

Derived from relative k data (60 CVE1) 

using for Cyelopentene k=1.27(13). 

Derived from relative k data (74 MeC) 

using for Isobutene k=1.02(13) 

Recommended value of k 

Recommended values ofAxrheniu= A end D 

*) Assumed linear Arrhs. plot for 290-450K. 

Slightly curved plots are observed (see 

for e.g. 76 SIN/CVE, 84 PER2) 

Data T/K 

type 

RL 300 

SE 298 

RL 298±5 

EX 298 

EX , 29,8-439 

EX 296±2 

SE 298 

EX 260-860 

RN 300 

RN 298±5 

RE 298 

BE 290-450 

k,k/k(ref) , 

A,A/A(ref) 

0.9S1±0.042 

1. 4(13) 

1.25±0.3 

(1.42±O.14)(13) 

1.36(13) 

,(1. 4±0. 2)( 13) 

(1. 34±0. 08) (13) 

5.78(11) 

(1.21±0.OS)(13) 

(1.28±O.36)(13) 

(1. 31±O . 12) (13 ) 

1. 3(13) 

n B, k,A kerr. 

B-B(ref) units factor 

-10±lOO 

2.17 -906 

*) -10:t100 

2/2 

2 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

1.3 

1.2 

l.5 
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Table 4.1. Data for O(3P) ReactipD& with Alkanes -- Continued 

Reaction, Reference Code, Notes 

o + (CB3 )2C=CB2 .. products 

Oxygen atom + 1-Propene, 2-methyl- (Isobutene) 

60 CVE2 

k/kref from products in competing expts.: 

299K: 0.838:0.020; 403K: 0.792:0.011., 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized values (86 CVE): 

k(298)K1.06(13), ~-9.58(12), B--25 

73 HER/HUI 

Selected value 1973. 

,74 FUR/ATK 

Phase shift-O+NO chemiluminescence. 

p = 30-50 torr. 

76 SIN/CVE 

Phase shift-O+NO chemiluminescence. 

77 ATK/PIT1 

Flash photolysis-Chemiluminescen~e., 

Error in B is "estimated overall" error. 

80 SUG/ISH 

Pulse-radiolysis. Resonance-absorption. 

P - 50-950 torr. 

84 CVE/SIN 

Selected as the mean of a chosen set of 

data. 

84 PER2 

o atoms from F2 excimer laser photolysis 

(157 nm) of O2 & NO; monitored by NO+O 

chemiluminescence. Curved Arrhenius plot. 

k(298K)~1.06(13) (calcd. from Arrhs. Eq.) 

Curved Arrhenius plot. 

86 evE 

Derived from relative k data (60 evE2) 

using for Cyclopentene k-1.27(13). 

Derived from relative k data (60 CVE2) using 

for Cyclopentene A=1.43(13), B-40. 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Assumed linear Arrhs. plot for 290-450K. 

Slightly curved plots are observed (see 

for e.8. 76 SIN/evE, 84 PER2) 
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Data T/K 

type 

RL 299-403 

SE 298 

EX 298 

EX 298 

EX 298-484 

EX 298 

EX 298-439 

EX 296±2 

SE 298 

Ex 260-860 

RN 299 

RN 299-403 

RE 298 

RE 290-450 

k,k/k(ref), 

A,AlA(ref) 

0.67 

1.2(13) 

(9.85±1.34)(12) 

(1.04±0.03)(13) 

(8.74±0.53)(12) 

(9.22±0.90)(12) 

1.06(13) 

(1. O±O . 1)( 13 ) 

(1. 03±0. 06)(13) 

7.11{11) 

(1. 06:1:0.03) (13) 

9.58(12) 

(1. 02±0. 06) (13) 

9.6(12) 

n B, k,A kerr. 

B-B(ref) units factor 

-'65 

-51:1:22 

43:1:100 

2.11 -805 

-25 

1r) -13:1:100 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.3 

1.2 

1.5 
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Table 4.1. Data for O(3P) Reactions with Alkenes -- Continued 

Reaction, Reference Code, Notes Data T/K k,k/k(ref) , n B, k,A kerr. 

type A,A/ACref) B-B(ref) units factor 

a + CB3CB2CB2CB-CB2 ~ products 

Oxygen atom + 1-Pentene 

57 FOR/END RN 300:1:3 (2.85:1:0.71) (12) 2 

Relative rate placed by the authors 'on 

absolute scale using k(0+02+M) ,of 55 BEN/AXW. 

a-atoms from N02 photolysis at 366 nm. 

73 HER/BUI SE, 298 2.8(12) 2 1.3 

82 BIE/HAR EX 298 (2.83:1:0.30 )(12' 2 

DiscQarge-flow system. Photoionization 

mass-spectrometry. F(Tot) -.z torr. 

Recommended value of k RE 298 2.8(12) 2 1.2 

a + cis-CB3CB=CBCB2CB3 ~ products 

Oxygen atom + cis-2-Pentene 

57 FOR/END RN 300:1:3 (1. 09:1:0 .10)( 13) 2 

Relative rate placed by the authors on 

absolute scale using k(0+02+M) of 55 BEN/AXW. 

O-atoms from N02 photolysis a£ 366 nm. 

59 CVE RL 298 0.75 2/2 
k/kref : from products in competing expts~ 

Ref. Rn: 0 + Cvclopentene ~ products 

Current normalized value (86 CVE): k=9.5(12) 

73 HER/BUI SE 298 1.1(13) 2 1.3 
86 CVE RN 298 9.5(12) 2 

Derived from relative k data (59 CVE) 

using for Cyclopentene k=1.27(13). 

Recc:.. ... ,n:lnded value of k RE 298 1. 0(13) 2 1.3 

o + (CB3) 2CBCB==CBa ~ products 

Oxygen atom + l-Butene, 3-methyl-

74 M::C RL 298:1:5 0.22:1:0.05 2/2 
Ref. Rn: 0 + Isobutene ~ products 

k/kref obtained from ratios of NO+O chemi-

luminescence signals with different olefins. 

o from O2 photolysis at 184.9 nm. 

Current normalized value (86 CVE): k=2.24(12) 

76 SIN/eVE EX 298 (2.53:1:0.04)(1.2) 2 

EX 298-484 (6.0.2:1:0.44)(12) 266:1:26 2 
.Phase shift-O+NO chemiluminescence . 

86 CVE RN 298:1:5 (2.24:1:0.51)(12) 2 
Derived from relative k data (74 M::C) 

using for Isobutene k=1.02(13) 

J. Phys. Chem. Ref. Data, Vot.16, No.2, 1987 
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1~Lh ~,1. n.t. for 0(31') Reactions with Alkenes --Continued 

)h.~t;l.jOfJ. kot.r.nce Code. Not.a 

o + (CBa)2CIICB=CB2 .. products -- Continued 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Assumed linear Arrhs. plot for 290-450K. 

Slightly curved plots are observed (see 

for e.g. 76 SIN/CVE) 

o + (CBa)2C=CBCBa .. products 

Oxygen atom + 2-;Butene, 2-methyl-

60 CVE2 

k/kref from products in competing expts. : 

299K: 2.66:1:0.07; 400K: 2.19:1:0.09. 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized values (86 CVE): 

k(298)""3.38(13), A=1.69(13), B~-200 

73 HER/BUI 

74 FUR/ATK 

Phase shift-O+NO chemiluminescence. 

P = 30-50 torr. 

80 SUG/ISH 

Pulse-radiolysis. Resonance-absorption. 

P = 50-950 torr. 

84 CVE/SIN 

SAlcu'!t.Ad ~R thA moan of a chocon sot of 

data. 

86 CVE 

Derived from relative k data (60 CVE2) 

using for Cyclopentene k-l.27(13). 

Derived from relative k data (60 CVE2) using 

for Cyclopentene A=1.43(13), B-40. 

Recommended value of k 

Recommended values of Arrhenius A and B 

assuming linear Arrhenius plot for 29,0-450K. 

o + CB3CBZCB2CB2CB=CB2 .. products 

Oxygen atom + 1-Hexene 

60 CVE1 

k/kref from products in competing expts.: 

Ref. Rn: 0 + Cyclopentene ~ products 

Current normalized value (86 CVE): k=2.77(12) 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data T/K I k,k/k(ref), n B, 

type A,A/A(ref) B-B(ref) 

RE 298 2.5(12) 

RE 290-500 6.0(12) *) 266 

RL 298-400 1.18 -240 

SE 298 3.8(13) 

SE 298-400 3.9(12) -680 

EX 298 ( 3 . 1±0 . 3 ) (13 ) 

EX 296:1:2 (3.3:1:0.3)(13) 

SE 298 (3.32:1:0.22) (13) 

RN 299 (3.38:1:0.09)( 13) 

RN 298-400 1.69(13) -200 

RE 298 3.4(13) 

RE 290-400 1. 7(13) -200:1:200 

RL 299 0.218:1:0.004 

k,A kerr'. 

units fae'tor 

2 1.2 

2 1.5 

2/2 

2 1.3 

2 1.3 

2 

2 

2 

2 

2 

2 1.2 

2 1.5 

2/2 
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Table 4.1. pata for O(3P) ReactiQDs with Alkenes -- Continued 

Reaction, Reference Code, Notes 

73 HER/HUI 

86 CVE 

Continued 

Derived from relative k data (60 CVE'l) 

using for Cyclopentene k=1.27(13). 

Recommended value of k 

o + (CH3 )ZC=C(CH3 )Z -. p'rodt1~t-.s 

Oxygen atom + 2-Butene, 1,2-Dimethyl­

(Tetramethylethylene) 

60 CVE2 

k/kref from products in competing expts.: 

300K: 3.41:0.02; 393K: 2.69:0~14. 

Ref. Rn: 0+ Cyclopentene ~ products 

Current normalized values (86 CVE): 

k(298)=4.33(13), A=1.79(13), B=-260 

73 HER/HUI 

73 DAV/HUI 

Flash photolysis-Resonance fluorescence. 

74 FUR/ATK 

Phase shift-O+NO chemiluminescence. 

P = 30-50 torr. 

75 SIN/FUR 

Phase shift-O+NO chemiluminescence. 

84 CVE/SIN 

Selected as the mean of a chosen set of 

det.a. 

86 CVE 

Derived from relative k data (60 CVE2) 

u£ins for Cyclopentene k-l.27(10). 

Derived from relative k data (60 CVE2) using 

for CyclopontQnG A=1.43(13), B=40. 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Assumed linear Arrhs. plot for 290-450K. 

Slightly curved plots are observed (see 

for e.g. 76 SIN/CVE) 

Data T/K I 

type 

SE 298 

RN 299 

RE 298 

RL 300-393 

SE 298 

SE 298-400 

EX 298 

EX 290-355 

EX 298 

EX 298 

EX 298-481 

SE 298 

RN 300 

RN 300-393 

RE 298 

RE 290-550 

k,k/k(ref) , 

A,A/A(ref) 

3.1(12) 

(2.77:0.05)(12) 

2.8(12) 

1.25 

4.8(13) 

3.4(12) 

(4.77:0. 18) (13 ) 

(3.36:0.64)(12) 

(4.44:0.41)(13) 

(4.58:0.10)(13) 

( 1 .24:0 . 12)( 13 ) 

(4.63:0.07)(13) 

(4.33:0.03)(13) 

1. 79(13) 

4.6(13) 

1.5(13) 

n 

*) 

B, k,A kerr. 

B-B(ref) units factor 

-300 

-790 

-790:60 

-390:38 

-260 

-330:100 

2 

2 

2 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.3 

1.3 

1.2 

1.2 

1.2 

1.5 
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Table 4.1. Data for O(3P) Reactions with Alkenes -- Continued 

Reaction, Reference Code, Notes Data 11K k,k/k(ref), n B, k,A 'k err. 

type A,A/ACref) B-B"(ref) units factor 

0+ CY-cB'-=CBCBaCBaCBa .. products 

Oxygen atom + Cyclopentene 

60 CVE2 RL 299-403 1.49 65 2/2 

k/kr~f from products in competing expts.: 

299K: 1. 19:t:0 . 028; 403K: 1.26::t0.018. 

Ref. Rn: 0 + Isobutene ~ products 

Current normalized values (86 CVE): 

k(298)cl, 21( 13), A=1. 43(13) J B=52 

73 HER/HUI SE 298 1. 4(13) 2 1.3 

SE 298-400 3.3(12) -430 2 1.3 

75 GAF/ATK2 RL 296-423 2.33 -2.52::t40 2/2 

k/kref from products in,competing expts. : 

296K: 5.52::t0.31; 333K: 4.93::t0.63; 

373K: 4.44::1:0.38; 423K: 4.33::1:0.22. 

Ref. Rn: o + I-Propene ~ products 

See also 75 GAF I ATKl. Normalized values: 

A=:;. t)( 12) J l:I=-Zlti:t:40; updates (80 eVE): 

A=l. 4 (13), B-28 , k(298)=1.3(13) (86 'CVE) 

86 CVE RN 298 (1.21::1:0.03)(13) 2 

Derived from relative k data (60 cVE2) 

using kiso-Butene = 1.02(13) 

RN 299-403 1.43(13) 52 2. 

Derived from relative k data (60 CVE2) 

using for iso-Butene A=9.6(12), B=-13. 

RN 296 (1.32::1:0.07)(13) 2 

Derived from relative k data (75 GAF/ATK2) 

using kpropene = 2.4(12) 

RN 296-423 (1.42::1:0.47) (13) 28::t14 0 2 

Derived from relative k data (75 GAF/ATK2). 

using for Propene A~6.1(12), B=280. 

Recommended value of k RE 298 1.27(13) 2 1.2 

Recommended values of Arrhenius A and B RE 290-450 1.43(13) 40::t100 2 1.5 

assuming linear Arrhenius plot for 290-450K. 

o + cY-cB=CBCH2CBZCH2CBZ .. products 

Oxygen atom + Cyclohexene 

60 CVE2 RL 298-400 0.89 -7 2/Z 

k/kref from products in competing expts.: 

299K: 0.907::1:0.044; 399K: 0.902:1:0.064. 

Ref. Rn: 0 + Cyclopentene ... products 

Current norma~lzea va~ues (l:lti (;Vl:;): 

k(298)=1.1S(13), A=1.3(13), B=33 

73 HER/HUI SE 298 1. 3 (13) Z 1.3 

SE 298-400 2.8(12) -460 2 1.3 

J. Phys. Chem. Aef. Data, Vol. 16, No.2, 1987 
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Table 4.1. Data for O(3P) Reactions with Alkanes -- Cont.inued 

React.ion, Reference Code, Not.es 

o + cy-CB=CBCB2CB2CB2CB2 ~ products -- Continued 

82 WAS/TAY. 

Reaction of Cyclohexene with 0 atoms 

in a fast-flow reactor. 0 atoms gene­

rated by a microwave-discharge in a 

He-02 mixture. Mass-spectrometry. 

P(Tot) = 3.7 torr. 

P(Cyclohexene) = 0.004-0.012 mtorr. 

P(02)o ~ O.ZOO-O.'OO m~o~~, 

86 CVE 

Derived from relative k dat.a (60 CVE2) 

uains for Cycl.opent.ene k-l.27(13) .. 

Derived from relative k data (60 CVE2) 

Recommended value of k 

Recommended values of Arrhenius A and B 

assuming linear Arrhenius plot for 290-450K. 

o + cy-CB=C(CB3)CB2CB2CB2~ .. products 

Oxygen atom + Cyclohexene, l-methyl-

75 GAF/ATK2 

k/kref from products in competing expts.: 

296K: 4.21±0.17; 333K: 3.93±0.25; 

373K: 3.22±0.32; 423K: 2.71±0.27. 

Ref. Rn: 0 + Cyclopentene .. products 

Normalized A-5.3(12), B--669±111; updates: 

A=1.36(13), B--413, k(298)-5.4(13) (86 CVE) 

86 CVE 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene k-1.27(13). 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene AE 1.43(13), B-40. 

Recommended values of Arrhenius A and B 

assuming linear Arrhenius plot for 290-450K. 

Dat.a TIK 

t.ype 

EX 298 

RN 298 

RN 298-400 

RE 298 

RE 290-500 

RL 296-423 

RN 296 

RN 296-423 

RE Z96 

RE 290-450 

k,k/k(ref) , 

A,A/A(ref) 

(1.20±0.03)(13) 

(1.15±O.06)(13) 

1.27(13) 

1.2(13) 

1.3(13) 

0.95 

(5.35±O.22)(13) 

1.36(13) 

'.4(13) 

1. 4(13) 

n k,A kerr. 

B-B(ref) unit.s factor 

33 

30±200 

-453±70 

-413 

-400±200 

2 

2 

2 

2 

2 

2/2 

2 

2. 

2 

2 

1.2 

1.5 

1.2 

1.5 
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Table 4.1. Data for O(3P) Reactions .ith Alkenes -- Continued 

Reaction, Reference Code, Notes 

o +cy-CB=CB::B=CBC2~ .. products 

Oxygen atom + 1,3-Cyclohexadiene 

75 GAF I ATK.Z 

k/kref from products in competing expts.: 

296K: 4.33:0.20; 333K: 3.43:0.24; 

373K: 3.05:0.31; 423K: 2.74:0.27. 

Ref. Rn: 0 + Cyclopentene ~ products 

Normalized A-5.1(12)! Bz-664±91; updates: 

As 1.32(13), BD-408, k(298)-5.5(13) (86 CVE) 

86 CVE 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene k-1.27(13). 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene A-l.43(13); B=40. 

Recommended value of k 

Recommended values of Arrhenius A and B 

assuming linear Arrhenius plot for2~0~450K. 

o + C1OB16 .. products 

Oxygen atom + d-Limonene 

(Cyclohexene, 1-~ethyl-4-(1-methylethenyl)-,(R» 

75 GAF/ATK2 

k/kref from products in competing expts.: 

296K: 5~61:0.45; 333K: 6.74:0.50; 

373K: 7.45:0.45; 423K: 8.16:0.57. 

Ref. Rn: 0 + Cyclopentene ~ products 

Normalized A=1.1(14), B=151:75; updates: 

A-2.81(14). B-402, k(298)=7.1(13) (86 CVE) 

86 CVE 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene k=1.27(13). 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene A=1.43(13), B-40. 

Recommended value of k 

Recommended values of Arrhenius A 8~d B 

assuming linear Arrhenius plot for 290-450K. 

J. Phys. Chern. Ref. Data, Vol. 1-6, No.2, 1987 

Data IlK 

type 

RL 296-423 

RN 296 

RN 2QS-423 

RE 298 

RE 290-450 

RL 296-423 

RN 296 

RN 296-423 

RE 298 

RE 290-450 

k,k/k(ref) , 

A,A/A(ref) 

0.92 

(5.50:0.25)(13) 

L32(13) 

5.5(13) 

1. 4 (13) 

19.63 

(7.12:0.57)(13) 

2.81(14) 

7.1(13) 

2.7(14) 

n B, k,A kerr. 

B-B(ref) units factor 

-448±55 

-408 

-400±200 

362±35 

402 

400±200 

2/2 

2. 

2. 

2 

2. 

2/2 

2 

2 

2 

1.2 

1.5 

1.2 

1 .. 5 
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Table 4.1. Data for O(3P) Reactions with Alkenes -- Continued 

Reaction, Reference Code, Notes 

o + CIOHl6 ~ products 

Oxygen atom + 2-Pinene 

(Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl-) 

75 GAF I ATK.2 

k/kref from products in competing 'expts. : 

29eK: 1. 38±O. 05; 333K: 1. 84±0. 09; 

373K: 2.22±0.15; 423K: 2.73±0.27. 

Ref. Rn: 0 + Cyclopentene ~ products 

Normalized A=7.5(13), B=458±70; updates: 

A-l.02(14), B-714 , k(208)-~.75(13) (86 CVE) 

86 CVE 

Derived from relative' k data (75 GAF/Am) 

lUling f'or Cy~lopont.';mo k-L27(13). 

Derived from relative k data (75 GAF/ATK2) 

using for Cyclopentene A-l.43(13). Bc 40. 

Recommended value of k 

Recommended values of AIrhenius ,A 

assuming linear AIrhenius plot 

o + CIOHl6 ~ products 

Oxygen atom + Nopinene 

and B 

for 290-450K. 

(Bicyclo(3.1.1]heptene, 6,6-dimethyl-methylene-) 

75 GAF/ATK2 

k/kref from products in competing expts.: 

296K: 1.30±0.05; 333K: 1.64±0.11; 

373K: 2.07±0.20; 423K: 2.41±O.12. 

Ref. Rn: 0 + Cyclopentene ~ products 

Normalized A-6.0(13), B-413±70; updates: 

A=1.54(14), B=659, k(298)=1.65(14) (86 CVE) 

86 CVE 

Derived from relative k data (75 GAF/ATK2) 

using ror Cyclopen~ene k=1.2/(13). 

Derived from relative k data (75 GAF/ATK2) 

uGins for Cyclopent.ene A-l.43(13), :5-40. 

Recommended value of k 

Recommended values of Arrhenius A and B 

assuming linear Arrhenius plot for 290-450K. 

Data TIK 

type 

RL 296-423 

RN 296 

RN 296-423 

RE 298 

RE 290-450 

RL 299-423 

RN 296 

RN 296-423 

RE 298 

RE 290-450 

k,k/k{ref), 

A,A/A(ref) 

13.46 

(1.75±0.06)(13) 

1. 92(14) 

1. 7(13) 

1. 9(14) 

10.77 

(1.65±0.06)(13) 

1.54(14) 

1. 6(13) 

1.5(14) 

n B, 

B-B(ref) 

674±30 

714 

710±200 

619±30 

659 

660±200 

291 

k,A k ·err. 

units factor 

2/2 

2 

2 

2 

2 

2/2 

2 

2 

2 

2 

1.2 

1.5 

1.2 

1.5 
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Table 4.2. Data for 0(3p ) Reactions with ~a1oalkenes and Ketenes 

Reaction, Reference Code, Notes 

0+ CH2=CHF ~ products 

Oxygen atom + Ethene, fluoro-

71 MOS 

(Fluoroethylene) 

k/kref from products in competing expts.: 

Ref. Rn: 0 + CH2=CH2 ~ products 

o from Hg-photosensitized decompn'. of N20. 

Normalized absolute k=1.9(11) (73 HER/HUI). 

Current update (86 CVE) k=1.67(11) 

72 HUI/HER2 

Discharge flow-Mass spectrometry. 

73 HER/HUI 

74 JON/MOS 

k/kref from products in competing expts.: 

298K: 0.409; 420K: 0.516. 

Ref. Rn: ° + CH2=CH2 ~ products 

Measured: epoxide & aldehyde from Ref. Rn. 

o from Hg-photosensitized decompn. of N20. 

Current normalized values (86 CVE): 

k(298)=1.80(1l), A=6.02(12), B=1043 

75 SLA/GUT 

Discharge fast-flow reactor-Photoionization 

mass spec. Measured l'st order olefin concn. 

decay. k superseded by data in 84 PAR/SAWZ. 

76 ATK/PIT 

Phase shift-O+NO chemiluminescence. 

o f.om IlI!,-.l:Jhot.o:;eu:,j.t.i"eu decompn. o:t H20. 

81 SUG/OKA 

Pulse radiolysis-Resonance absorption. 

B4 PAR/SAW2 

Fast-flow reactor-Photoionization mass spec. 

Quoted error is 1u; estimd. accuracy: ±ZO%. 

At P-O.S-3.5 torr, k i~ P invariant (±20~). 

77 ATK/PIT3 

k(Z9BK): (1.59±0.16)(11). 

Flash photolysis-O+NO chemiluminescence. 

86 CVE 

Derived from relative k (71 MOS) using 

for CB2=CH2 k-4.40(11). 

Derived from relative k (74 JON/MOS) using 

for CH2=CHZ k=4.40(11). 

Derived from relative k's (74 JON/MOS) using 

for CH2=CH2 A=6.40(12), B=800. 

J. Phys. Chem. Ref. Data, Vol. 16, No.2, 1987 

Data I/K 

type 

RL 296 

EX 307 

SE 307 

RL 298-420 

EX 302±2 

EX 298±2 

EX 298±2 

EX 300.01.3 

EX 298-442 

RN 296 

RN 298 

RN 298-420 

k ,k/k{ref) , 

A,A/A(ref) 

0.38 

(2.63±0.38)(11) 

2.6(11) 

0.94 

2.47(11) 

(1. 61±0. 20)( 11) 

3.13(11) 

(2.07.01.0.11) (11) 

4.84(12) 

1.67(11) 

1. 80(11) 

6.02(12) 

n B, k,A kerr. 

B-B·(ref) units factor 

2/2 

2 

2 1.3 

243 2/2 

2 

2 

2 

1. 

1019±100 2 

2 

2 

1043 2 
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Table 4.2. Data for O(3P) Reactions 1fi~, ;aaloal.kenes and Ketenes -- Continued 

Reaction, Reference Code, Notes 

o + CH2-cBF ~ products -- Continued 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CIIF==CBF ~ products 

Oxygen atom + Ethene, 1,2-difluoro-

72 HUI/HER2 

Discharge flow-Mass spectrometry. 

73 HER/HUI 

Recommended value of k 

o + cis-cBF-CBF ~ products 

Oxygen atom + E~hene, 1,2-dlfluoro-,(Z)-

71 HOS 

k/kref from products in competing expts.: 

Ref. Rn: 0 + CH2mCH2 ~ products 

o from Hg-photosensitized d~c,omI:>n. of N20. 

Normalized absolute ke 1.5(11) (73 HER/HUI). 

Current update (86 CVE) k=1.41(11) 

74 JON/HOS 

k/kref from products in competing expts.: 

298K: 0.309; 420K: 0.452. 

Ref. Rn: ° + CH2=CH2 ~ products 

Measured: epoxide & aldehyde from Ref. Rn. 

° from Hg-photosensitized decompn. of N20. 

Current normalized values (86 CVE): 

k(298)=1.36(11), A=7.17(12), B=1173 

76 GIL/SLA 

Discharge fast-flow reactor-Photoionization 

mass spse. k's from 1st order decay of o~Qfin 

concn. Estimated accuracy: %20%. 

86 CVE 

Derived from relative k (71 HOS) usine 

for CH2=CH2 k=4.40(11). 

Derived from relative k's (74 JON/HOS) using 

for CH2=CH2 k(298)=4.40(11), A=6.40(12), B=800. 

Recommended value of k 

Recommended values of Arrhenius A and B 

Data TJ.K 

type 

RE 298 

RE 290-450 

EX 307 

SE 307 

RE 298 

RL 296 

RL 298-420 

EX 300±2 

RN 296 

RN 298 

RN 298-420 

RE 298 

RE 290-450 

k,k/k{ref) , 

A,A/A(ref) 

(1.96±0. 46)(11) 

5.4(12) 

(2. 70±0. 34) (11) 

2.7(11) 

2.7(11) 

0.32 

1.12 

2.22(11) 

1. 41(11) 

1. 36(11) 

7.17(12) 

(1.66±0.48)(11) 

7.2(12) 

n B, k,A' kerr. 

B-B(ref) units factor 

1030±100 

373 

1173 

1170±150 

2 

2 

2 

2 

2 

2/2 

2/2 

2 

2 

2 

2 

2 

2 

1.2 

1.5 

1.3 

1.3 

l.2 

l.5 
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Table 4.2. Data for O(3P ) Reactions with Balpalkenes and Ketenes -- Continued 

Reaction, Reference Code, Notes 

o + trans-cBF=CBF ~ products 

Oxygen atom + Ethene, l,2-difluoro-,(E)-

71 HOS 

k/kref from products in competing expts.: 

Ref. Rn: 0 +CH2=CH2 ~ products 

o from Hg-photo'sensitized decompn. of N20. 

Normalized absolute k=Z.6(11) (73 HER/HUI). 

Current update (86 CVE) k=Z.38(11) 

74 JON/HOS 

Z98K: 0.564; 4Z0K: 0.713. 
I 

Ref. Rn: ° + CHz=CHz ~ products 

Heaaurcd: cpcxidc & aldohyde from Ref. Rn. 

° from Hg-photosensitized decompn. of NZO. 

Current normalized values (86 CVE): 

k(29B)=2.4B(11). A=B.l(12). B=1037 

76 GIL/SLA 

Discharge fast-flow' reactor-Photoionization i' ' 

mass spec. k's from 1st order decay'of olefin 

concn. Estimated accuracy: ±20%. 

86 CVE 

Derived from relativek (71 MOS) using 

for CHZ=CHZ k=4.40(11). 

Derived from relative k (74 JON/HOS) using 

for CHZ=CHZ k=4.40(11). 

Derived from relative k's (74 JON/HOS) using 

for CHZ=CH2 A=6.40(12), B=800. 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CBZ=CFZ ~ products 

Oxygen atom T ~thene. l,l-di!luoro-

71 HOS 

k/kref from products in competing expts.: 

Ref. Rn: 0 T CH2~H2 ~ product~ 

° from Hg-photosensitized decompn. of N20. 

Normalized absolute k=1.1(11) (73 HER/HUI). 

Current update (86 CVE) k=9.68(10) 

72 BUI/HER2 

Discharge flow-Mass spectrometry. 

73 HER/BUI 

J. P~ys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data T/K 

type 

RL 296 

RL 298-420 

EX 300±2 

RN 296 

RN 298 

RN 298-420 

RE 298 

RE 290-450 

RL 296 

EX 307 

SE 307 

k,k/k(ref) , 

A,A/A(ref) 

0.54 

1.27 

3.49(11) 

2.38'(11) 

2.48(11) 

8.1(12) 

(2. 78±0. 61) (11) 

8.1(12) 

0.22 

(2.19±0 .18)'(11) 

2.2(11) 

n B, k,A kerr. 

B-B(ref) units factor 

237 

1037 

1037±150 

2/2 

2/2 

2 

2 

2 

2 

2 

2 

2/2 

2 

2 

l.2 

1.5 

1.3 
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Table 4.2. Data for O(3p ) Reactioaa with ~aloalk8Des and Ketenes -- Continued 

Reaction, Reference Code, Notes 

o + CB2=CF2 ~ products -- Continued 

74 JON/HOS 

k/kref trom produc~s in compe~1ng exp~s.: 

298K: 0.215; 420K: 0.299. 

Ref. Rn: ° + CH2=CH2 ~ products 

Measured: epoxide & aldehyde from Ref. Rn. 

a from Hg-photosensitized decompn. of N20. 

Current no~alized values (86 evE): 

k(20S)-O. 46(10), A-I, .16(12)" B-1121 

76 GIL/SLA 

Discharge fast-flow re~ctor-Photoionizati'on 
mass spec. k's from 1st order decay of olefin 

concn. Estimated accuracy: ±20Z. 

81SUG/OKA 

Pulse radiolysis-Resonance absorption. 

86 CVE 

Derived from relative k (71 ~S) using 

forCH2=CH2 k-4.40(11). 

Derived from relative k (74 JON/HOS) usiQg 

for CH2=CH2 k-4.40(11). 

Derived from relative k's (74 JON/HOS) using 

for CH2=CH2 A-6.40(12), B=800. 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CIIF=CF 2 ~ prodUcts 

Oxygen atom + Ethene, trifluoro-

71 HOS 

k/kref from products in competing expts.: 

Ref. Rn: a + CH2=CH2 ~ products 

° from Hg-photosensitized decompn. of N20. 

Normalized absolute k=2.7(11) (73 HER/HUI). 

Current update (86 CVE) k=2.51(11) 

74 JON/MOS 

k/kref from products in competing expts.: 

298K: 0.569; 420K: 0.569. 

Ref. Rn: ° + CH2=CH2 ~ products 

Measured: epoxide& aldehyde from Ref. Rn . 

. 0 from Hg-photosensitized decompn. of N20. 

Current no~alized values (86 evE): 

k(298)=2.50(11), A=6.14(12), B=947 

Data T/~ 

type 

RL 298-420 

EX 300±2 

EX 298±2 

RN 296 

RN 298 

RN 290-450 

RE 298 

RE 290-450 

RL 296 

RL 208-420 

k,k/k(ref) , 

A,A/A(ref) 

0.65 

1.87(11) 

1.20(11) 

9.68(10) 

9.46(10) 

4.16(12) 

(1. 41±0. 59)( 11) 

4.2(12) 

0.57 

0.06 

n B, k,A kerr. 

B-B(ref) units factor 

321 

1121 

1120±150 

147 

2/2 

2 

2 

2 

2 

2 

2 

2 

2/2 

Z/Z 

1.2 

1.5 
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Table 4.2. Data for O(3P) Reactions with B~lpalkenes and Ketenes --Continued 

Reaction, Reference Code, Notes 

76 GIL/SLA 

Discharge fast-flow reactor-Photoionization 

mass spec. k's from 1st order decay of olefin 

concn. Estimated accuracy: ±20Z. 

81 SUG/OKA 

Pulse radiolysis-Resonance absorption. 

86 CVE 

Derived 'from relative k (71 HOS) using 

for CB2=Cfi2 k=4.40(11). 

Derived from relative k (74 JON/HOS) using 

for CHZ=CH2 k-4.40(11). 

Derived from relative k's (74 JON/HOS) using 

for CHZ=CH2 A-6.40(12), Be 800. 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CF2=CF2 ~ products 

Oxygen atom + Ethene, tetrafluoro-

65 SAU/HEll 

k/kref from products in competing expts. 

Ref. Rn: ° + CH2=CH2 ~ products 

° from Hg-photosensitized decompn. of N20. 

Normalized absolute k=S.O(ll) (73 HER/HUI). 

Current update (86 CVE) k=4.S4(11) 

66 SAU/HEI 

*) k/kref from products in competing expts: 

1.10(2Q7K). O.85S(343K), O.735(30SK) 

Ref. Rn: ° + CH2=CH2 ~ products 

° from fig-photosensitized decompn. of N20. 

Normd. k(298)=5.3(1l) (73 HER/HUT); Ul""lAt ... "" 

k(298)-4.84(11), A=1.43(12), B=322 (86 eVE). 

69 TYE 

k/kref from products in competing exPts.: 

Ref. Rn: ° + CH2=CH2 ~ products 

° from flash photolysis of N02 . CF2 
monitored by kinetic spectroscopy. 

Normalized absolute k=5.0(11) (73 HER/HUI). 

Current update (86 CVE) k=4.62(11) 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data T/K 

type 

EX 300±2 

EX 298±2 

RN 296 

RN 298 

RN 298-420 

RE 298 

RE 290-450 

RL 297 

RL 297-398 

RL 296 

k,k/k(ref) , 

A,A/A(ref) 

5.00(11) 

3.79(11) 

2.51(11) 

2.50(11) 

,6.14(12) 

(3.45±1.20)(11) 

6.1(12) 

1.031 

*) 

1. 05±0. 05 

n B, k,A kerr. 

B-B(ref) units factor 

947 

950±150 

*) 

2 

2 

2 

2 

2 

2 

2 

2/2 

2/2 

2/2 

1.2 

1.5 
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Table 4.2. Data for O(3P) Reactions witb 'BaloaIkanes and Ketenes-- Continued 

Reaction, Reference Code, Notes 

o + CF2=CF2 ~ products -- Continued 

71 MOS 

k/kref from products in competing expts.: 

Ref. Rn: ° + CH2=CH2 ~ produc~s ° from Hg-photosensitized decompn. of N20. 

Normalized absolute k=9.1(11) (73 HER/HUI). 

Current update' (86 CVE) k=7. 04 (11) 

73 HER/HUI 

74 JON/MOS 

k/kref from products in competing expts. 

298K: 1.707: 420K: 1.338. 

Ref. Rn: ° + CH2=CH2 ~ products 

Measured: epoxide « aldehyde from Ref. Rn. 

° from Hg-photosensitized decompn. of N20. 

Current normalized yalues (86 CVE): 

k(298)=7.51(11), AE 4.99(12)" Bz 555 

75 GER/MOI 

k/kref from products in competing expts. 

using a inodified ,"diffUSion flame" method: 

Ref. Rn: ° + CaECH ~ products 

Taken kref=2(13)exp(-1610/T) « obtained 

k(298K)=7.02(11); A=2.29(12); B=352. 

79 KOD 

From decay of CF2 (3B1 ) emission. 

° from fig-photosensitized decompn. of N20. 

81 SUG/OKA 

Pulse radiolysis-Resonance absorption. 

86 evE 

Derived from relative k (65 SAU/HEll) using 

for CH2=CH2 k=4.40(11). 

Derived from relative k (66 SAU/HEI) using 

for CH2=CH2 k R 4.40(11). 

Derived from relative k's (66 SAU/HE!) using 

ror Cft2=CH2 A-6.40(lZ), H=~OU. 

Derived from relative k (69 TYE) using 

£0. CDZ-cn2 k-4.40(11). 

Derived from relative k (71 MOS) using 

£o~ CHZ-CHZ k-4.40(11). 

Data T/K 

type 

RL 296 

SE 298, 

SE 298-StlO 

RL 298-420 

RL 300-406 

EX 298:1:5 

EX 298:1:2 

RN 297 

RN 297 

RN 297-398 

RN 296 

RN 296 

k,k/k(ref) I 

A,A/A(ref) 

1.60 

5(11) 

7.7(11) 

0.78 

0.11:1:0.06 

(4.28:1:0.12) (11) 

4.88(11) 

4.54(11) 

4.84(11) 

1.43(12) 

4.62(11) 

7.04(11) 

n B, k,A kerr. 

B-B(ref) units factor 

100 

-245 

-1258:1:20 

322:1:100 

2/2 

2 

2 

2/2 

2/2 

2 

2 

2 

2 

2 

2 

2 

1.4 

1.4 
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Table 4.2. Data for O(3P ) Reactions with Balo'allanes and Katanes -- Continued 

Reaction, Reference Code, Notes 

o + CF2=CF2 ~ products -- Continued 

86 CVE 

Derived from relative k's (74JON/MOS)' using 

for CH2=CH2 k(298)=4.40(11), A=6.40(12), B=800. 

Derived from relative k's (75 GER/MOI) using 

for Ace~y~ene k(208)-8.6(10), 4-1.55(13), 

B=155Q. 

Roeommondod valuo of k 

Recommended values of Arrhenius A and B 

o + CB2 =CBCl ~ products 

Oxygen atom + Ethene, chloro-

72 HUI/HER2 

(Chloroethylene) 

Discharge flow-Mass spectrometry.' 

73 HER/HUI 

75 SLA/GUT 

Discharge fast-flow reactor coupled to a 

photoionization mass spectrometer. Measured 

the 1st order decay of olefin concentration. 

76 ATK/PIT 

Phase shift-O+NO chemiluminescence. 

° from Hg-photosensitized decompri. of N20. 

77 WES/DEH 

Flash photolysis-Resonance fluorescence. 

77 ATK/PIT3 

K(298K): (3.6Q±0.36)(11). 

Flash photolysis-O+NO chemiluminescence. 

Recommended value of k 

Recommended values or Arrhen1us A and H 

o + CB2=CC12~ products 

Oxysen e.~omf E~hene,. 1,1 dichloJ;o-

75 SAN/HEI 

k/kref from products in competing expts.: 

Ref. Rn: ° + CF2=CF2 ~ products 

Measured: CO and CF20 from Ref. Rn. 

° from Hg-photosensitized decompn. of N20. 

Current normalized k=5.88(11) (86 CVE). 

J. Phys. Chem. Ref. Data, Vol. 16, No.2, 1987 

Data T/K 

type 

RN 298 

RN 298-420 

RN 298 

RN 3.0.0-406 

RE 298 

RE 29.0-400 

EX 307 

SE 307 

EX 3D2±2 

EX 298±2 

EX 297 

EX 298-442 

RE 298 

RL 298 

k,k/k{ref) , 

A,A/A(ref) 

7.51(11) 

4.99(11) 

6.7.0(11) 

1. 71(12) 

(5.88"'1.35)(11) 

1. 6(12) 

(5.22±Q. 24)( 11) 

5.2(11) 

3.79(11) 

(2.54±0.26)(11) 

( 4 . HD . 1)( 11 ) 

3.36(12) 

(3. 85±0. 96)( 11) 

3.4(12) 

1..0 

n B, k,A k ~rr. 

B-B(ref) units factor 

555 

-292 

31.0::1:1.0.0 

667±lDO 

670±15D 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2/2 

1.2 

1.5 

1.3 

1.2 

1.5 
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Table 4.2. Data for O(3P) Reactions with, Baloanenes and Ketenes -- Continuetl 

Reaction, Reference Code, Notes Data TPK k,k/k{ref) , n B, k,A kerr. 

type A,A/A(ref) B-B(ref) units 'factor 

o + CBZ-CCIZ ~ products -- Continued 

86 CVE RN 298 5.88(11) 2 

Derived from relative k (75 SAN/BEl) using 

for CF2=CF2 k=5.88(l1). 

Recommended value of k ~ 298 5.9(11) 2 1.2 

o + CF Z:o:CP'Cl ~ Pr'ndu",t-•• 

Oxygen atom + Ethene, 1-chloro-1,2,2-trifluoro-

69 TYE RL 296-419 14.4 989 2/2 

k/kre£ from products in competing expts.: 

0.51 (296K) , 1.36(419K) 

Ref. Rn: 0 + CF2=CF2 ~ products 

o from flash photolysis of NO?. CF? 

monitored by kinetic spectroscopy. 

Current normalized values (~6 CVE): 

k(298)=3 .00(11), A=2.26(12), B=1296. 

86 CVE RN 296 3.00(11) 2 

RN 296-419 2.26(13) 1296 2 

Derived from relative k's (69 TYE) using for 

CF2=CF2 k(298)=5. 88(11), A=1.57(12), B=307. 

Recommended value of k RE 298 3.0(11) 2 1.2 

Recommended values of Arrhenius A and B RE 290-450 2.3(13) 1300±200 2 1.5 

o + CFZ=<X:IZ ~ products 

Oxygen atom + Ethene, 1,1-dichloro-2,2-difluoro-

69 TYE RL 296-419 2.20 352 2/2 

k/kref ~rom products in competing expts. : 

0.67(296K) , 0.95(419K) 

Ref. Rn: 0 + CF2=CF2 ~ products 

° from £~Dah pho~o~yaio of N02' CF2 

monitored by kinetic spectroscopy. 

Current normalized values (86 CVE): 

k(2gS)=3 g4(11), A=3.45(12), B=S5Q. 

86 CVE RN 296 3.94(11) 2 

RN 296-419 3.45(12)- 659 2 

Derived from relative k's (69 TYE) using for 

CF2~F2 k(298)=5.88(11), A=1.57(12), B=307. 

Recommended value of k RE 298 3.9(11) 2 1.2 

Recommended values of Arrhenius A and B RE 290-450 3.5(12) 660±lOO 2 1.5 
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Table 4.2. Data for O(3P) Reactions with Baloalkenes and Ketenes -- Continued 

Reaction, Reference Code, Notes Data T/K I k,k/k(ref) , n B, k,A kerr. 

type A,A/A(re!) B-B(ref) units factor 

o + CBC1=OC1z ~ pzoduc~. 
Oxygen atom + Ethene, trichloro-

74 SAN/HEI IU. 298 0.10 2/2 

k/kref from CO yields in competing expts. , 

o from Hg-photosensitized decompn. of NZO. 

Ref. Rn: ° + CFZ=CFZ ~ products 

Current normalized k=5.88(11) (86 CVE). 

86 CVE RN 298 5.88(10) Z 

Derived from relat! ve k (74 SAN/HEI) using 

for CF2=CF2 k-5.88(10). 

Recommended value of k RE 298 5.9(10 ) 2 1.2 

o + CBZ=CBBr ~ products 

Oxygen atom + Ethene, bromo- (Bromoethylene) 

72 HUI/HERZ EX 307 (4. 90±O. 34)( 11) 2 

Discharge flow-Mass spectrometry. 

73 HER/HUI SE 307 4.9(11) 2. 1.3 

75 SLA/GUT EX 302:1:2 3.98(11) 2. 

Discharge fast-flow reactor coupled to a 

photoionization mass spectrometer. Measured 

the 1st order decay 'of olefin concentration. 

lb AT1o./PIT EX 298:1:Z (Z. 45:1:0.25)( 11) 2 

Phase sh!ft-O+NO chemiluminescence. 

o from Hg-photosensitized decompn. of NZO. 

77 ATK/PIT3 EX Z98-44Z 5.63(12) 835:1:100 2 
k(298K) : (3.40:1:0.34) (11). 

Flash photolysis-O+NO chemiluminescence. 

Recommended value of k RE 298 (3.78:1:1.24)(11) 2. 1.3 
Recommended values of Arrhenius A and B RE 230-449 5.6(12) 835:1:150 2 1.5 

o + CBSCF=CB2 ~ products 

Oxygen atom + 1-Propene, 2-fluoro-

69 MOS/JEN RL 296 0.46 2/2 
k/kref from products in competing expts. : 

Ref. Rn: ° + 1-Butene ~ products 

° from Hg-photosensitized decompn. of HZO. 

Normalized absolute k-1.0(12) (73 HER/HUI). 

Current update (86 CVE) k=1.15(11) 

73 HER/HUI SE 307 2.6(11) 2 1.3 

86 CVE RN 296 1.15( i2) 2 

Derived from relative k (69 MOS/JEN) using 

for 1-Butene k=2.50(12). 

Recommended value of k RE 298 1.2(12) 2 1.2 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 
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Table 4.2. Data for O(3P) Reactions with' Haloalkenes and Ketenas -- Continued 

Reaction, Reference Code, Notes 

° + CBZFCH=CHZ .. products 

Oxygen atom + l-Propene, 3-fluoro.-

69 MaS/JEN 

k/kref from products in competing expts.: 

Ref. Rn: ° + l-Propene ~ products' 

° from Bg~photosensitized decompn. of N20. 

Normalized absolute k=4.4(11) (73 HER/HUI). 

Current update (86 CVE) k-5.1(11) 

73 HER/BUI 

8S CVE 

Derived from relative k (69 MaS/JEN) using 

for l-Propene k~2.4(12). 

Recommended value of k 

° + CB3C8=CF2 ~ products 

Oxygen atom + l-Fropene, l,l-dlfluoro-

69 MeS/JEN 

k/k~~~ from products in competing expts.: 

Ref. Rn,: ° + l-Propene ... products 

° from Hg-photos~nsitized decompn. of N20. 

Normalized absolute k=9.5(11) (73 HER/HUI). 

Current update (86 CVE) k~1.1(12) 

73 BER/mn 

86 CVE 

Derived from relative k (69 MaS/JEN) using 

for l-Propene k=2.4(12). 

Recommended value of k 

° + CFSCB=CBZ ~ products 

oxygen atom + l-Fropene, 3,3,3-trifluoro-

69 MaS/JEN 

k/kref from products in competing expts.: 

Ref. Rn: ° + CH2=CH2 ... products 

° from Hs-photosensitized decompn. of N20. 

Normalized absolute k-2.3(10) (73 HER/HUI). 

Curr.n~ updo~. (eo evE) k-2.G(10) 

73 HER/BUI 

86 CVE 

for CH2=CH2 k=4.40(11). 

Recommended value of k 

Data 1/K 

type 

RL 296 

SE 296 

RN 296 

RE 298 

RL 296 

SE 296 

Rtf 296 

RE 298 

RL 296 

SE 296 

RN 296 

RE 298 

k,k/k(re!), 

A,A/A(re!) 

0.21 

5.1(11) 

5.0(11) 

5.0(11) 

0.45 

1.1(12) 

1.08(12) 

1.1(12) 

0.057 

2.6(10) 

2.51(10) 

2.5(10) 

n B. k,A kerr. 

B-B{ref) units factor 

2/2 

2 

2 

2 

2/2 

2 

2 

2 

2/2 

2 

2. 

2 

1.4 

1.2. 

1.4 

1.2 

1.4 

1.2 
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t.l.lh ,. z. nat.. ~o .. 0(3p) llaact.lons wlt.h BalolI1kanas and Katanas -- Continued 

o + CF.3CF-iCF 2 .. products 

Oxygen atom + 1-Propene, 1,1,2,3,3,3,-h~xafluoro­

(perfluoropropylene) 

S5 SAU/REI2 

k/kref from products in competing expts. 

Ref. Rn: 0 + CH2-CH2 .. products 

° from Hg-photosensitized decompn. of H20. 

Normalized absolute km1.7(10) (73 HER/BUI). 

For updated normalized k see 86 CVE. 

66 SAU/HEI 

*) k/kref from products in competing expts.: 

O.0357(297K), O.0385(343K),'O.0488(398K) 

Ref. Rn: 0+ CH2-CH2 .. products 

° from Hg-photosensitized decompn. of H20. 

Normd. k(298)-1.7(10) (73 HER/BUI)i updates: 

k(298)-1.57(10), A-7.8l(l1), Bz 1l66 (86 CVE). 

86 CVE 

Derived from relative k (65 SAU/HEI2) using 

for CH2-cH2 k-4.40(11). 

Derived from relative k (66 SAU/HEI) using 

for CH2-CH2 k-4.40(ll). 

Derived from relative k's (66 SAU/HEI) using 

for CH2aCH2 A-6.40(12), Bm800. 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CF2-crcr-cF2 .. products 

Oxygen atom + 1,3-Butadiene, 1,l,2,3,4,4-hexafluoro­

(1,3-Perfluorobutadiene) 

71 STO/HEI 

k/kref from products in competing expts. 

Ref. Rn: ° + CH2-CH2 .. products 

° from Hg-photosensitized decompn. of N20. 

Normalized absolute k-2.5(11) (73 HER/HUI). 

For updated normalized k see 86 CVE. 

73 HER/BUI 

86 CVE 

Derived from relative k (71 STO/HEI) using 

for Ethylene k-4.40(11). 

Recommended value of k 

J. Phys. Chem. Ref. Data, Vol. 16, No.2, 1987 

Data T/K 

type 

Rl. 20' 

RL 297-398 

RN 297 

1m 298 

RN 297-398 

RE 298 

RE 297-398 

RL 305 

SE 305 

RN 305 

RE 298 

k,k/k(ref) , 

A,A/A(ref) 

0.034 

*) 

1. 52.(10) 

1.57(10) 

7.81(11) 

1. 5(10) 

7.8(11) 

0.50 

2.5(11) 

2.20(11) 

2.2(11) 

n B, k,A kerr. 

B-B(ref) units factor 

*) 

1166 

1166:1:200 

2/2 

·2/2 

2 

2. 

2 

2 

2. 

2/2 

2 

2. 

2 

1.2 

1.5 

1.4 

l.2 
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Table 4.2. Data for O(3P) Reactions with,Baloalkenes and Ketenes --~ontinued 

Reaction, Reference Code, Notes 

o + CB2=CBCH2Cl ~ products 

Oxygen atom + i-Propene, 3-chloro-

84 PAR/SAWi 

Fast-flow reactor-Photoionization mass spec. 

Quoted error is iu; estimd. accur~cy: ±20Z. 

At P=0.6-3.5 torr, k is P invariant (±20%). 

Recommended value of k 

o + CB3C(CF3 )=CB2 ~ products 

Oxygen atom + i-Propene, 2-trifluoromethyl-

68 MOS/JEN 

k/kref from products in competing expts.: 

Ref. Rn: ° + i-Butene ~ products 

° from Hg-photosensitized decompn. of N20. 

Normalized absolute k=1.7(11) (73 HER/HUI). 

For updated normalized k see 86 CVE. 

71 MOS 

k/kref from products in compl7ti~g expts:': 

Ref. Rn: ° + CB2zCB2 ~ products 

° from Hg-photosensitized decompn. of N?O. 

Normalized absolute k=2.6(11) (73 HER/HUI). 

For updated normalized k see 86 CVE. 

73 HER/Bu! 

74 JON/MOS 

k/kref from products in competing expts.: 

298K: 0.552; 423K: 0.637. 

Ref. Rn: 0 + CB2=CH2 ~ products 

° from Hg-photosensitized decompn. of N20. 

Current normalized values (86 CVE): 

k(298)=2.43(11), A=5.82(12), B=942 

86 CVE 

Derived from relative k (68 MOS/JEN) using 

for i-Butene k=2.50(12). 

Derived from relative k (71 MOS) using 

for Ethylene k=4.4(11). 

Derived from relative k (74 JON/MOS) using 

for Ethylene k=4.4(11). 

Derived from relative k's (74 JON/MOS) using 

for Ethylene A=6.40(12), B=800. 

Recommended value of k 

Recommended values of Arrhenius A and B 

Data TIK 

type 

EX 299±4 

RE 298 

RL 296 

RL 296 

SE 296 

RL 298-423 

RN 206 

RN 296 

RN 298 

RN 298-423 

RE 298 

RE 200-450 

k,k/k(ref) , 

A,A/A(ref) 

(6.i4±0. 36) (11) 

6.1(11) 

0.077 

0.55 

2.0(11) 

0.909 

1. Q3(l1} 

2.43(11) 

5.82(12) 

(2.26±0.29){11) 

5.8(12) 

n B, k,A kerr. 

B-B(ref) units factor 

142 

942 

942±200 

2 

2/2 

2/2 

2 

2/2 

2 

2 

2 

2 

2 

1.2 

1.4 

l.2 

l.5 
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Table 4.2. Dat.a for O(3P) React.iona with B~oalkenes and 'Ket.enes -- Continued 

Reaction, Reference Code, Notes Data T/K I k,k/k<ref) , n B, k,A kerr. 

type A,A/A(ref) B-B-{ref) units factor 

o + C82FCB2CII=CB2 ... product.s 

Oxygen atom + 1-Butene, 4-fluoro-

69 MOS/JEN RL 296 0.575 2/2 

k/kreL from produo~c in compo~:i..n& oxp~c. , 

Ref. Rn: ° + I-Butene ~ products 

° from Hg-photosensitized decompn. of N2O. 

Normalized absolute k=l.3(12) (73 HER/HUI). 

Current update: ~-l.44(l2) (86 CVE) 

73 HER/BUI SE 296 1. 5(12) 2 1.4 

86 CVE RN 296 1.44(12) 2 

Derived from relative k (69 M)S/JEN) using 

for l-Butene k=2. 50 (12) . I 

Recommended value of k RE 298 1.4(12) 2 1.2 

o + CB3CB2CP==CF 2 ... product.s 

Oxygen atom + I-Butene, 1,1,2-trifluoro-

69 MOS/JEN RL 296 1.00 2/2 

k/kref from products in competin,g ~xpts. : 

Ref. Rn: 0 + l-Propene ~ products 

° from Hg-photosensitized decompn. of N20. , 

Normalized absolute'k=2.1(12) (73 HER/HUI). 

Current update: k=2.4(12) (86 CVE) 

69 MOS/JEN RL 296 11.0 2/2 

k/kref from products in competing axpts.: 

Ref. Rn: 0 + CH3C(CF3 )mCH2 ~ products 

° from Hg-photosensitized decompn. of N2O. 

Normalized absolute k=I.9(12) (73 HER/HUI). 

CUJ:'J:'on~ updat.e; k-2.49(12) (86 evE) 

73 HER/BUI SE 296 2.0(12) 2 1.4 
86 CVE RN 296 2.4(12) 2 

Derived from relative k (69 MOS/JEN) using 

for l-Propene k=2.4(12). 

RN 296 2.49(12) 2 

Derived from relative k (69 MOS/JEN) using 

for CH3C(CF3 )-CH2 k~2.26(11). 

Recommended value of k RE 298 (2. 45±0. 05H 12) 2 1.2 

o + C82-CO ... adduct.(EXV) 

Oxygen atom + Ethenone (Ketene) 

Initial adduct ~ HC(O)C(O)H(EXV) ~ 2HCO (mainly): 

(see 74 MAC/THR) 

68 CAR/GAY EX 298 5.30(11) 2 
Discharge flow. Time of flight mass spec. 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 
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Table 4.2. Data for O(3P) Reactions ~itb Baloalkenes and Ketenes -- Continued 

Reaction, Reference Code, Notes 

o + CB2=CO 1 adduct(EXV) -- Continued 

73 JON/BAY 

Flow system with 0.5-4 torr N2 as, principal 

flow gas. Photoionizn. mass spec. analysis. 

o atoms from N + NO ~ N2 + 0 
74 MAC/THR 

Discharge flqw system-ESR spectroscopy. 

or O+NO chemiluminescence. Quoted error is 

one standard deviation. 

83 WAS/HAT 

Discharge flow-photo'ionization mass spectr. 

Pulse radiolysis-Resonance absorption. 

k(298K)=1.80(11) (calcd. from Arrh. Eq.) 

k(296K)=(1.90±0.28)(11) (measured) 

Recommended value of k 

Recommended values of Arrheniu~ A, and B 

o + CBaCB=CO 1 adduct(EXV) 

Oxygen atom + 1-Propen-1-one 

83 WAS/HAT 

Discharge flow-photoionization mass spectr. 

Pulse radiolysis-Resonance absorption. 

k(298K)=6.65(12) (calcd. from Arrh. Eq.) 

k(296K)E(6.26±1.02)(12) (measured) 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CB3CB2CB=CO 1 aciduct(EXV) 

Oxygen atom + l-Buten-l-one 

83 WAS/HAT 

Discharge flow-photoionization mass spectr. 

Pulse radiolysis-Resonanee absorption. 

k(298K)=6.84(12) (caled. from Arrh. Eq.) 

k(296K)=(6.50±1.33)(12) (measured) 

Recommended value of k 

Recommended values of Arrhenius A and B 

Data f/K 

type 

EX 296±2 

EX 293 

EX 298 

EX 230-449 

RE 298 

RE 230-449 

EX 298 

EX 230-449 

RE 298 

RE 230-449 

EX 230-449 

RE 298 

RE 230-449 

k,k/k(ref) , 

A,A/A(ref) 

( 1. HO . 4 ) ( 11 ) 

( 3 . 4±0 . 3 )( 11) . 

(2. 59±2. 41)( 11) 

(1. 76±0 . 47) (12) 

(2.37±0.79)(11) 

1. 8(12) 

(6.99±0.78)(12) 

(2.89±0. 79) (12) 

(6.8±0.2)(12) 

2.9(12) 

( A . HI±O f\fi) (12) 

(3.23±0.50)(12) 

(7. 34±0. 84) (12) 

3.2(12) 

n B, k,'A kerr. 

B-B(ref) units factor 

679±76 

680±200 

-249±82 

-250±100 

-224±47 

-220±100 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

? 

2 

2 

2 

1.2 

1.5 

1.2 

1.5· 

1.2 

1.5 
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Table 4.2. Data for O(3P ) Reactions with Baloalkenes and Ketenes -- Continued 

Reaction, Reference Code, Notes 

o + (CB3 )ZC=a) .. adciuct(EXV) 

Oxygen atom + 1-Propen-1-one, 2-methyl-

83 WAS/HAT 

Discharge flow-photoionization mass spectr. 

Pulse radiolysis-Resonance absorption. 

k(298K)=2.40(13) (ealcd. from Arrh. Eq.) 

Recommended value of k 

Recommended values of Arrhenius A and B 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data I/K 

type 

EX 298 

EX 296 

I k,k/k(ref), 

A,A/A(ref) 

(3. 64±O. 39){ 13) 

(2. 42±0. 28)( 13) 

EX 230-449 (3.57±0.S7)(12) 

RE 298 (3.0±0.6)(13) 

RE 230-449 3.6(12) 

n B, k,A kerr. 

B-B~ref) units factor 

-S69±43 

-570±100 

2 

2 

2 

2 

2 

1.2 

1.5 
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Reaction, Reference Code, Notes 

o + CH=CB ~ products 

Oxygen atom + Ethyne (Acetylene) 

Main rn. products are: CO + CHl and H + .CHCO 

65 ARR/BRE1 

A brief announcement in a Comment., 

Discharge flow. Time-of-flight mass spec. 

*)Temp. probably close to 198K. P=l-l torr. 

E(Arrhs.) less, than 1 kcal/mol (B<500). 

65 ARR/BREl 

Moderately fast flow system. Time-of-flight. 

mass spect.rometer and pho~ometry. 

"')"Room temperature" (probably approx. 298K). 

E(Arrhs.) less than 1 kcal/mol (B<500). 

65 SUL/WAR 

"')Temp. probably close to 198K. 

Discharge fast flow. Mass spectrometer. 

65 AVR/KOL 

k(298K)z9.3(8) (extrapoln. of Arrhs. Eq.). 

° from high-voltage discharge, in, 02' 

k derived from rates of product formation. 

66 SAU/HEl 

*) k/kref from products in competing expt.s: 

0.193(297K), 0.296(343K), 0.566(398K) 

Ref. Rn: ° + CF2=CFl ~ products 

° from Hg-photosensitized decompn. of N20. 

Normalized k(297K)=1.0(11) (73 HER/HUI). 

Current update: k(297K)=1.1(11). 

67 NIK 

Fast flow system-Time of flight mass spec. 

° from N+NO rn. 

67 BRO/THR 

Faet.,-fl.ow recct.or. ESR. N2 CCU;J;ieL /SiiSlii. 

o from N+NO Rn. Total P about 2 torr. 

69 HOY/WAG 

1c(?!:IR'K)=7.6(10) (caJ.cd. from Arrh. Eq.)., 

Flow system with continuous ESR and mass 

spec. analysis. k derived from O-decays. 

69 WES/DEH1 

Curved Arrhenius plot for T=195-616K. It is 

approx. linear for T~230-450K, where 

k(298K)=9.0(10) (calcd. from Arrh. Eq.). 

Fast-flow reactor with ESR detection. 

o by microwave discharge of trace O2 in He. 

Data T/·K 

type 

EX "') 

EX *) 

EX *) 

EX 393-563 

RL 297-398 

EX 300 

EX 298 

EX 243-673 

EX 208 

EX 230-450 

k,k/k(ref), . 

A,A/A(ref) 

1.2(11) 

(5. 4±1. 7)(10) 

(9.0±1.8)(lO) 

1.75(11) 

*) 

( 1. 1±0 . 2)( 11 ) 

(9 .2±0. 4 )(10) 

1.2(13) 

(8. g:O. 3)(10) 

2.0(13) 

n B, k,A kerr. 

B-B(ref) units factor 

"') 2 

*) 2. 

2 

1560 2 

1310 2/2 

2 

2 

1510 

1610 2 
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Table 4.3. Data for O(3P) Reactio~s with Alkynes -- Continued 

Reaction, Reference Code, Notes 

o + CB=CH ~ products -- Continued 

69 BRA/TSE 

Discharge flow. ESR. 0 from N+NO Rn. 

69 JM1/GLA 

Fast flow system-CH* chemiluminescence. 

k(298K)=7.01(10) (calcd. from Arrh. Eq.). 

11 STU/NIK 

*) Uncertainty limits given as +5%,-10%. 

o by vacuum uv flash photolysis of NO, 

monitored by O+NO chemiluminescence. 

73 PEE/MAR 

k(298K)=1.0(11) (caled. from Arrh. Eq.). 

Composition profiles of unidimensional ethy­

lene flames obtained by molecular beam samp­

ling and mass spectr. analysis. k derived 

from the mole flux gradients. 

73 JON/BAY 

Flow system with 0.5-4 torr Ni ,as princip~i 

flow gas. Photoionizn. mass spec. analysis. 

o atoms from N+ NO ~ N2 + 0 

73 HER/HUI 

77 VAN/VAN 

Study of CH5CH/02 flame front structure. 

Molecular beam sampling coupled with mass 

spectrometer. 

k(298K)=7.8(10) (calcd. from Arrh. Eq.). 

77 WES/DEH 

Flash photolysis. Resonance fluorescence. 

k from [0] decay. (k from the decay of the 

chemiluminescent background is (8.2:t0.2)(10». 

81 WEL 

k(298K)=8.7(10) (caled. from Arrh. Eq.). 

Discharge flow system. Mass spec. analysis. 

83 HOM/WEL 

k(298K)=8.8(10) (ealed. from Arrh. Eq.). 

High temp. low pressure discharge flow. 

Nozzle beam sampling-Quadrupole mass spec. 

P=2 torr. 0 from N + NO ~ NZ + 0 Rn. 

Recommended value of k 

Recommended values of Arrhenius A and B 

Provisional recommendations. 

J. Phys. Chem. Ref. Data, Vol. 16, No.2, 1987 

Data T/K, 

type 

EX 298 

EX 273-729 

EX 300 

EX 1200-1700 

EX 296±2 

SE 298 

k,k/k·(ref) , 

A,A/A(ref) 

( 1. 1:t0 . 1)( 11 ) 

(1. 43±0. 50)(13) 

(7.89± *) )(10) 

5.Z(13) 

(9.7:t1.5)(10) 

9.5.(10) 

SE 1000 8.3(12) 

SE 200-700 1.4(13) 

EX 700-1430 6.7(13) 

EX 297±1 (7. 2±0. 2)( 10) 

EX 295-1333 1.1(13) 

EX 300-1300 (1.6±0.5)(13) 

RE 298 

RE 250-1300 

9.0(10) 

1.6(13) 

n B, k,A 'k err. 

B-B(ref) units fa~tor 

1585±100 

1862 

1500 

2013 

1443 

1550±70 

1550±100 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.1 

1.4 

1.2 

1.2 

1.5 
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Table 4.3. Data for O(3P) Reactions with Alkynes -- Continued 

Reaction, Reference Code, Notes 

o + CB=CB .. CO + CBZ 
A path in the Rn. 0 + CBeeB ~ proqucts 

For "branching ratios" see 86 PEE/SCB and 

references quoted in 86 PEE/SCB. 

81 ALE/ARU 

k(298K)=7.7(10) (calcd. from Arrh. Eq.). 

Monitored (by resonance-fluorescence) 

[0] and [H] under jet conditions. 

81 LOB/ROT 

(Lo~e oxtrapoln. of Arrh. ~q.: k(208)=1.Q(0» 

Shock tube. Atomic resonance absorption 

spectroscopy (ARAS). (See also 82 ROT/LOB). 

82 ROT/LOB 

Data first reported in 81 LOB/ROT. 

o + CBseB Rn. behind reflected shock-waves in 

Ar. 0 from fast N?O decomposition. Atomic Re­

sonance Absorption Spectroscopy (ARAS). 

84 WAR 

Recommended values of Arrhenius A and B 

a + CII!=CB .. B + CB=C=O 

A path in the Rn. 0+ CHeeB ~ products 

For "branching ratios" see 86 PEE/SCB and 

references quoted in 86 PEE/SCB. 

81 ALE/ARU 

k(298K)=4.2(9) (calcd. from Arrh. Eq.). 

Monitored (by resonance-fluorescence) 

[0] and [B] under jet conditions. 

81 LOB/ROT 

(Long extrapoln. of Arrh. Eq.: k(298)=5.5(5» 

3111;1(;;11. tube. Atomic re:sonance absorpt,1on 

spectroscopy (ARAS). (See also 82 ROT/LOB). 

82 ROT/LOB 

Data fir~t report.ed in 61 LOB/ROT. 

Reaction of a atoms with casea behind 

reflected shock-waves, in Ar diluent. 

o atoms gonorated by faet HZO de­

composition. Atomic-resonance-absorp­

tion-spectrometry (ARAS). 

84 WAR 

Recommended values of Arrhenius A and B 

k(298K)-4.0(9) (ca1cd._ from Arrh. Eq.). 

Recommended values of Arrhenius A and B 

Data T/K 

type 

EX 298-608 

k,k/k(ref) , 

A,A/A(ref) 

(1.8±0.18)(13) 

EX 1500~2~70 1.2(14) 

EX 1500-2600 1.2(14) 

SE 300-2500 2.1(12) 

RE 300-2500 2.1(12) 

EX 298-608 (9. 0±2. 4 )(12) 

EX 1500-2570 4.3(14) 

EX 1500-2600 4.3(14) 

SE 1000-2500 4.3(14) 

RE 300-600 9.0(12) 

RE 1000-2500 4.3(14) 

n 

1.5 

1.5 

o 

B, k,A kerr. 

B-B(ref) units factor 

1625±1l0 2 

3300 2 

3300 2 

850 2 2 

850 2 2 

2285±220 2 

6100 2 

6100 2 

6100 2 

2300±300 2 1.5 

6100 2 3 
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Table 4.3. nata for O(3P) Reactions with Alkynes -- Continued 

Reaction, Reference Code, Notes 

o + CD=CD ... products 

Oxygen atom + Ethyne-d2 (Dideuteroa,cetylene) 

71 STU/NIK 

*) Uncertainty limits given as +5%,-10%. 

o by vacuum uv flash photolysis of NO, 

monitored by O+NO chemiluminescence. 

Recommended value ~f k 

o + CB3c=cB ... products 

Oxygen atom + 1-Propyne CMethylacetylene) 

Main reaction channel at lower Tis: 

o + CH3CECH ... CO + CHSCH: 

67 BRO/THR 

Fast-flow reactor. ESR. H2 carrier gas. 

o from N+NO Rn. Total P about 2 torr. 

73 HER/HUI 

74 HER/WAG 

k(298K)c4.4(11) (calcd. from Arrh. Eq.). 

Isothermal flow system. P=5 torr. Carrier gas 

He. 0 from microwave discharge in O2 or NO, 

monitored by time-of-flight mass spectromtr. 

75 ARR/COX 

k(298K)=5.2(11) (calcd. from Arrh. Eq.). 

Discharge-flow system. 0 from N+NO rn., 

monitored by chemiluminescence. Total 

P= 1-3 torr. Estimated 25% uncertainty in k. 

81 WEL 

k(298K)=4.3(11) (calcd. from Arrh. Eq.). 

Discharge flow system. Mass spec. analYSis. 

See also 83 HOM/WEL. 

81 ALE/DUB 

k(295K)=4.6(11) Ccalcd. from Arrh. Eq.). 

Monitored (by resonance-fluorescence) 

[0] and [8] under jet conditions. 

83 HOM/WEL 

k(298K)=4.3(11) (calcd. from Arrh. Eq.). 

High temp. low pressure discharge flow; 

Nozzle beam sampling-Quadrupole mass spec. 

P=2 torr. 0 from N + NO ... NZ + 0 Rn. 
84 WAR 

k(298K)=4.3 (11) Ccalcd. from Arrh. Eq.). 

Recommended value of k 

Recommended values of Arrhenius A and B 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data T/K 

type 

EX 300 

RE 298 

EX 298 

SE 298 

EX 298 

EX 290-360 

EX 298-600 

EX 295-1333 

EX 295-545 

k,k/k(ref) , 

A,A/A(ref) 

C7.89±*) )(10) 

8.6(10) 

(4:t1)(1l) 

4(11) 

4.4(11) 

1.3(13) 

(1. 39±0. 36) (13) 

1.5(13) 

(8.4±2.4)(12) 

EX 300-1300 (1.5±0.4)(13) 

SE 300-2000 1.5(13) 

RE 298 (4.47±0.41)(11) 

RE 290-1300 1.31(13) 

n B, k,A kerr. 

B-B(ref) units factor 

1007±200 

981±352 

1058 

866±llO 

1060±140 

1058 

1000±100 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.2 

2 

1.1 

1.2 
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Table 4.3 .. Data for O(3P) Reactions with Altynes -- Continued 

Reaction, Reference Code, Notes 

° + CB3caca ~ B + [C3B30)' 

A path in the Rn. ° + CH3CECH ~ prpducts 

81 ALE/DUB 

Monitored ° and H atoms under jet 

conditions. Resonance-fluorescence; 

. Arrhs. Eqn. gives upper limit of k, eg. 

k(298K) S 4.3(10) (calcd. from Arrh. Eq.). 

Recommended upper limit value of k 

Pzovisiona1 zeoommGnda~ion. 

Recommended values of Arrhenius A and B 

defining upper limit ~f k. 

Provisional recommendationB_ 

o + CJIIiiCOICII .... products 

Oxygen atom + l,3-Butadiyna (Diacetylene) 

66 NIK/WEI 

Discharge-flow system. Masa ~pectrometert 

67 NIK 

Fast flow system-Time of flight mass spectr. 

o from N+NO rn. 

73 JON/BAY 

Flow system with 0.5-4 torr N2 aa principal 

flow gas. Photoionizn. mas a spec. analysis. 

o atoms from N + NO ~ N2 + 0 RD. 

73 HER/HUI 

75 HOH/SCH 

k(298K)-1.3(12) Ccalcd. from Arrh. Eq.). 

Isothermal low pressure flow system. Quadru­

pole mass spectrometer. 0 from microwave dis­

charge in 02/He mixtures or from N+NO rn. 

al WEL 

k(298K)-1.S(12) (ealcd. from Arrh. Eq.). 

Discharge flow system. Mass spec. analysis. 

83 BOH/WEI. 

k(298K)-1.5{12) (ealed. from Arrh. Eq.). 

Biah temp. low pressure discharge flow. 

N0221e beam samp1ins-Quadzupole maaa opec. 

P=2 torr. 0 from N + NO ... N2 + 0 Rn. 

84 WAR 

k(298K)=1.S(12) (ealed. from Arrh. Eq.). 

Recommended value of k 

Recommended values of Arrhenius A and B 

Data T/K 

type 

k,k/k.(ref) , 

A,A/A(ref) 

EX 295-545 (3.6±1.2)(12) 

RE 298 

RE 295-545 

EX 300 

EX 300 

EX 296±2 

SE 300 

EX 297-343 

s 4.3(10) 

3.6(12) 

(3. 98±0. 48)(11) 

(9.0±1.2)(11) 

.( 1. 6±0 . 5 )( 12 ) 

9(11) 

8.0(13) 

~ 295-1000 2.7(13) 

~ 300-13UU (Z.5±O.6)(13) 

SE 300-1000 2.7(13) 

RE 298 1. 4(12) 

RE 298-1300 4.5(13) 

n B, k,A kerr. 

B-B(ref) units factor 

1320±~20 

1320±400 

866 

870±80 

866 

990±300 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.2 

1.5 

1.4 

1.2 

1.2 
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i.bh to,:3. D.1.o for O(3J» R8acti~~. with Alkynes -- Continued 

~ •• ction, Reference Code, Notes 

o + CB2=CBCaCB .. products 

Oxygen atom + 1-Butene-3-yne (Vinylacetylene) 

83 BOM/WEL 

k(2Q8K)=1_4(12) (ea~ed_ from Arrh_ Eq_'_ 

Bigh temp. low pressure discharge flow. 

Nozzle beam sampling-Quadrupole mass spec. 

P=2 torr. 0 from N + NO ~ NZ + 0 Rn. 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CBSCB2C5C1i .. CO + CB3CJM:B2 
Oxygen atom + 1-Butyne (Ethylacetylene) 

75 HER/WAGl 

k(298K)-1.2(12) (ealed. from Arrh; Eq.). 

Isothermal flow system. P=5 torr. Carrier gas 

Be. 0 from microwave discharge in O2 or NO, 

monitored by time-of-flight mass speetromtr. 

77 UMS/LIN 

N02 Flash-photolysis-CO laser resonah~ 

absorption. Ref .m.: O+propyne ~ products. 

k/k(ref) from computer modeling of CO forron. 

ra~es, norma~1zed by ~ak1ng k(re~)=4.Z(ll). 

83 BOM/WEL 

k(298K)=l.2(12) (ealed. from Arrh. Eq.). 

Bigh temp. low pressure discharge flow. 

Nozzle beam sampling-Quadrupole mass spec. 

P=2 torr. 0 from N + NO ~ NZ + 0 Rn. 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + CB3c=ccB3 ... CO + CB
3

CB=CH
2 

Oxygen atom + 2-Butyne (Dimethylacetylene) 

75 BER/WAG2 

Estimated error limits approx. ±25%. 

Isothermal flow system. P=5 torr. Carrier gas 

Be. 0 from microwave discharge in O2 or NO, 

monitored by time-of-flight mass spectromtr. 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data T/K, 

type 

k,k/k(ref) , 

A,A/A<ref) 

EX 300-1300 (3.0±1.1)(13) 

RE 298 1.4(12) 

RE 298-1300 3.0(13) 

EX 290-357 1. 7(13) 

RN 298 5.0(11) 

EX 300-1300 (2.3±0.7)(13) 

RE 298 1.2(12) 

RE 298-1300 2.0(13) 

EX 298 

EX 290-360 

2.9(12) 

6(13) 

n B, k,A kerr. 

B-B(ref) units factor 

910±100 

910±200 

800 

870±80 

835±100 

900 

2 

2 

2 

2 

2 

2. 

2 

2. 

2. 

2. 

1.2 

1.5 

1.2 

1.5 
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Table 4.3 .. Data for O(3P ) React-ions with Alkynes -- Continued 

Reaction, Reference Code, Notes Data WK. k,k/k(ref), n B, k,A kerr. 

type A,A/A(ref) B-B(ref) units factor 

o ... CB3c=a:I1S - co ... CBSCB~Z -- Ccnt.lnued 

77 UMS/LIN RN 298 1. 6(12) 2 

N02 Flash-photolysis-CO laser res~nant 

absorption. Ref. rn.: O+propyne ~,products. 

k/k(ref) from computer modeling of CO formn. 

rates, normalized by taking k(ref)~4.2(11). 

Recommended value of k RE 298 2.9(12) 2 1.2 

(choson ~h. moro dirQct 75 HER/WAG2 va1uo) 

Recommended values of Arrhenius A and B RE 290-360 6(13) 900:1:300 2 1.5 

(chosen the more direct 75 HER/WAG2 values) 

o + CBSCBZCBZC5CB .. CO(EXV) + CB3CBZCBZCB: 

Oxygen atom + 1-Pentyne (n-Propylacetylene) 

80 SRA/BUR RN 300 (4.9:1:0.6) (11) 2 

N02 Flash-photolysis-CO laser resonant 

absorption. Ref. rn.: 0 + ~ecH ~ produ?ts. 

k/k(ref) from computer modeling, of CO forron. 

rates, normalized by taking k(ref)=9.4(10). 

Recommended value of k RE 298 4.5(11) 2 1.5 

(80 SHA/BUR value using k(ref)=8.6(10». 

Provisional recommendation. 

o + CH3CBZCBZCBZc=ca ... CO(:a:v) 

+ CB3CBZCBZCBZCB: 

Oxygen atom + l-Hexyne (n-Butylacetylene) 

80 5HAIBUR RN 300 ( 3 . 6:1:0 . 4 )( 11 ) 2 
NOZ Flash-photolysis-CO laser resonant 

absorption. Ref. rn.: 0 + CH5CH" products. 

k(k(ret) ~rom comput.er mode~lng ot CO torron. 

rates, normalized by taking k(ref)=9.4(10). 

Recommended value of k RE 298 3.3(11) 2 1.5 
(80 SHA/BUR value using k(ref)=8.6(10». 

Provisional recommendation. 

J. Phys. Chem. Ref. Data, Vol. 16, No.2, 1987 
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Table 4.4. Data for O(3P) Reactions w~~, Aromat.ic Hydrocarbons 

Reaction, Reference Code, Notes 

o + CsBs .. products 

Oxygen atom + Benzene 

Sl BOO/CVE 

k/kref from products in competing expts. : 

393K: 6.55(-3); 494K: 1.84(-2) . 

kref : ° + Cyclopentene ~ products 

Normalized A=1. 49(13), B=2033 (86' CVE) 

68 MAN/SAU 

*)T probably -298K. ° from pulse radiolysis 

of CO2 or N20. k from absorpti~n tracings 

of (not positively identified) transients. 

72 BON/KIM 

Discharge fast flow (02 in He)-Mass spec­

trometer. k(298K): (2.8:0.70)(10). 

(Same k'S obtained using ° from N+NO rn.) 

73 HER/BUI 

74 ATK/PIT2 

Phase shift-O+NO chemiluminescen~e., 

° from Hg-photosensitized decomp. of N20. 

Quoted errors are estimated overall limits. 

75 ATK/PIT 

(See Notes in preceding entry, 74 ATK/PIT2) 

75 COL/SIN 

Phase shift-O+NO chemiluminescence. 

° from Hg-photosensitized decomp. of N20. 

Quoted errors are 95% confidence limits. 

k(298K)=(9.3:0.5)(9) (calcd. from Arrhs. Eq.) 

79 ATK/PIT 

Flash photolysis-O+NO chemiluminescence. 

o from vacuum uv phot,nly!;i!; of Oz and NO. 

Quoted errors are estimated overall, limits. 

82 NIC/GUMl 

Flash photolysis-Resonance fluorescence. 

o from vacuum uv photolysis of O2 , 

Quoted errors are 2 standard deviations. 

86 CVE 

Derived from relative k data (61 BOO/CVE) 

using 'for Cyclopentene A=l.43(l3), B=40. 

k(298K)-1.62(10) (calcd. from Arrhs. Eq.) 

Recommended value of k 

Recommended values of Arrhenius A and B 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 

Data T/K 

type 

RL 393-494 

EX *) 

EX 255-305 

SE 298 

SE 250-500 

EX 300 

EX 299-392 

EX 298-462 

EX 298 

EX 299-440 

EX 298 

'F.X 2QS-867 

RN 393-494 

RE 298 

RE 298-600 

k,k/k(ref) , 

A,A/A(ref) 

1.04 

(3 . 6:0. 7 )( 10 ) 

(3.8:1. 5)(13) 

2.4(10) 

2.0(13) 

(1. 44:0 .2) (10) 

1.11(13) 

(1.09±0.64)(13) 

(1.20±0.12)(10) 

1. 01(13) 

(9. 52±2. 35)(9) 

1.49(13) 

(1.22±0.29)(10) 

1.52(13) 

n B, 

B-B(ref) 

1993 

2214:252 

2000 

2003±200 

2115±216 

2011%100 

2410;1;.80 

2033 

'2130±200 

k,A kerr. 

units factor 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1.3 

2 
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Table 4.4. Data for O(3P) Reactions with Aromatic Hydrocarbons -- Continued 

Reaction, Reference Code, Notes 

o + C6D6 ~ products 

Oxygen atom + Benzene-d6 

72 BON/KIM 

Ref. Rn.: 0+ C6H6 ~ products 

k/kref : from ratio of the benzenes used. 

82 NIC/GUM1 

Flash photolysis-Resonance fluorescence. 

° from vacuum uv photolysis of 02' 

Quoted errors are 2 standard deviations. 

k(298K)=7.12(9) (ealcd. from Arrhs. Eq.) 

Recommended value of k 

Recommended values of Arrhenius A and B 

*) Same as for ° + C6B6 

o + C6B5CH3 ~ products 

Oxygen atom + Benzene, methyl-

61 JON/CVE 

k/kref from products in competing expts. 

393.4K: 1.74(-2); 495.3K: 4.02(-2). 

k ref : ,0 + Cyclopentene ~ products 

Normalized A=1.45(13), B=1640 (86 CVE) 

68 MAN/SAU 

*)T probably -298K. ° from pulse rad!olysis 

of CO2 or NZO. k from absorption tracings 

ot (not positiveLY identified) transients. 

70 GRO/M)S 

k/kref : from ratio of the phenols formed. 

Ref. Rll.; 0 + Bl:luzene ..,. product.:> 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

No~a~i=Qd k(2QQ)~5.33(lO) (86 CVE) 

73 HER/HUI 

74 ATK/PIT2 

Phase shift-O+NO chl'lmilnmi"o;>!"c09"cC'. 

° from Hg-photosensitized decomp. of N20. 

Quoted errors are estimated overall limits. 

75 ATK/PIT 

(See Notes in preceding entry, 74 ATK/PIT2) 

Data I/K 

t.ype 

RL 298 

EX 376-944 

RE 298 

RE 376'-944 

RL 393-495 

EX *) 

RL 303 

SE 298 

EX 300 

EX 299-392 

k,klk(ref) , 

A,A/A{ref) 

1. 03±0. 02 

.(2.65±O.66)(13) 

*) 

*) 

1.02 

( 1. 4±0 . 3 )( 11) 

4.37 

1.4(11) 

(4. 50±O. 45)(10) 

B.2(12) 

n B, k,A kerr. 

B-B{ref) unit.s fact.or 

2450±130 

*) 

1600 

15flO+l "i0 

2/2' 

2 

2 

Z/Z 

2 

2/2 

2 

2 

2 

1.3 

2. 

2 
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Table 4.4. Dat.a £or O(3P) React.iOBs with Aromatic Hydrocarbons -- Continued 

Reaction, Reference Code, Notes Data T/K k,k/k(ref) , n B, k,A kerr. 

type A,A/A<ref) B-B(ref) units factor 

o + CSBSCB3 ~ product.s - - Continued 

75 COL/SIN EX 298-462 (2. 30±0 .11)( 13) 1940±20 2 

Phase shift-O+NO chemiluminescence. 

o from Hg-photosendtized decomp. of N2O. 
Quoted errors are 95% confidence limits. 

k(298K)m(3.4±0.2)(lO) Ccalcd. from Arrhs. Eg. ) 

75 FUR/EBA EX 373-510 (5 . 24±1. 47) (12) 1350±100 2 

Microwave,discharge-fast-flow reactor. GLC. 

o from N+NO Rn. Quoted error-lu. 

k(298K)-=5.64(lO) (calcd. frpm Arrh. Eg. ) 

79 ATK/PIT EX 298 (5.79±0.58)(10) 2 

EX 299-440 9.88(12) 1535±100 2 

Flash photolysls-O+NO chemiluminescence. 

o from vacuum uv photolysis of O2 and NO. 

Quoted errors are estimated overall limits. 

82 NIC/GUM1 EX 298 (4. 30±0 . 54)( 10) 2 

EX 298-932 (2.57±0.35)(13) 1910±70 2 

Flash photolysis-Resonance fluorescence. 

o from vac. uv photol. of O2 , Errorc 2u. 

86 CVE RN 393-495 1.45(13) 1640 2 
Derived from relative k data (61 JON/CVE) 

using for Cyclopentene A-l.43(13), 8-40. 

k(298K)-S.90(10) Cealed. from Arrhs. Eq.) 

RN 303 5.33(10) 2 
Derived from relative k data (70 GRO/MOS) 

using for Benzene k(298K)=1.22(10). 

Recommended value of k RE 298 5.0(10) 2 1.4 
Recommended values of Arrhenius A and B RE 298-932 1.63(13) 1720±200 2 2 

o + C6BSCD3 ~ product.s 

Oxygen atom + 1, 1, 1-trideuterotoluene 

82 NIC/GUM1 EX 298 (5.18±0. 56) (10) 2 

EX 298-944 (2.23±O.46)(13) 1880±100 2 
.f' .l.ash photolysis-Resonance fluorescence. 

o from vec. uv photol. of O2 , Error=2u. 

Recommended value ot k HE 298 5.2(10) 2 1.5 
Recommended values of Arrhenius A and 8 RE 298-944 2.2(13) 1800±200 2 2 

J. Phys. Chern. Ref. Data, Vol. 16, No.2, 1987 



CHEMICAL KINETIC DATA FOR REACTIONSOF'OXYGEN WITH HYDROCARBONS 317 

Table 4.4. Data for O(3P) Reactions with Aromatic Hydrocarbons -- Continued 

Reaction,Reference Code, Notes 

o + CSBSCB2CB3 ~ products 

Oxygen atom + Benzene, ethyl-

68 MAN/SAU 

*)T probably -298K. 0 from pulse radiolysis 

of CO2 or NZO. k from absorption tracings 

of (not positively identified) transients. 

70 GRO/OOS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: 0+ Benzene ~ products 

(Tor formed in the reovtion ~zzumed not 

to affect phenol ratios). 

Normalized k(298)=6.03('lO) (86 CVE) 

73 HER/BUI 

86 CVE 

Derived from relative k data (70 GRO/MOS) 

using for Benzene k(298K)=1.ZZC10). 

Recommended value of k 

o + o-cB3CSB4CB3 ~ products 

Oxygen atom + a-Xylene 

68 MAN/SAll 

*)T probably -Z98K. 0 from pulse radiolysis 

of CO2 or NZO. k from absorption tracings 

of (not positively identified) transients. 

70 GRO/OOS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: 0+ Benzene ~ products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

Normalized k(Z98)=1.22(11) (86 CVE) 

73 HER/BUI 

74 ATh/:E'I'rZ 

Phase shift-O+NO chemiluminescence. 

o from Hg-photosensitized decomp. of N20. 

Quoted eLLOL~ aLe e~timated overa~~ ~lmlts. 

75 ATK/PIT 

(See Notes in preceding entry, 74 ATK/PIT2) 

82 NIC/GUM2 

Flash photolysis-Resonance fluorescence. 

o from vac. uv photol. of 02. Error=2u. 

Data T/K' 

type 

EX *) 

RL 303 

SE 2ge 

RN 303 

RE 298 

EX *) 

RL 303 

SE 298 

EX 299 

EX 299-392 

EX 298 

EX 298-600 

k,k/k(ref) , 

A,A/A(ref) 

(3 . 2±0 . 8)( 11 ) 

4.95 

3.2(11) 

6.03(10) 

6(10) 

(6. 7±1. 6)( 11) 

10.0 

6.7(10) 

(1. 05::0.11)( 11) 

6.25(12) 

( 1. 33::0 . 12) (11 ) 

(2.33±0.51)(13) 

n B, k,A kerr. 

B-B.(ref) units factor 

1223::150 

1540::80 

2 

2/2 

2 

2 

2 

2 

2/2 

2 

2 

2 

2 

2 

2. 

2 

2 
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Table 4.4. Data for O(3P) .ReactiODS with Aramabic Hydrocarbons -- Continued 

Reaction, Reference Code, Notes 

86 CVE 

Derived from relative k data (70 GaO/HOS). 

using for Benzene k(298K)-1.22(10). 

Recommended value of k 

Recommended values of Arrhenius A and 1 

o + o-cD3C&D.CD3 ~ products 

Oxygen atom + o-Xylene-dlO 

82 NIC/GUH2 

Flash photolysis-Resonance fluorescence. 

° from vec. uv photol. of 02- Error-?'"_ 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + mrCB3C&B.CB3 ~ products 

Oxysen atom + m-Xylene 

68 MAN/SAU 

*)T probably -298K. ° from pulse radiolysis 

of CO2 or N20. k from absorption tracinss 

of (not positively identified) transients. 

70 GaO/HOS 

k/kref : ~rom ratio of the phenola formed. 

Ref. Rn.: ° + Benzene .. products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

Normalized k(298)=2;81(11) (86 CVE) 

73 HER/HUI 

74 ATK/PIT2 

Phase shift-O+NO chemiluminescence. 

° from Hg-photosensitized decomp. of N20. 

QuotAd ArrOr$ ero ostimated ovorall limit •. 

7S ATK/PIT 

(See Notes in preceding entry, 74 ATK/PIT2) 

82 NIC/GUM2 

Flash photolysis-Resonance fluorescence. 

° from vac. uv photol. of 02' Error=2q. 
86 CVE 

Derived from relative k data (70 GaO/HOS) 

using for Benzene k(298K)""1.22(10). 

J. Phys. Chem. Ref. Data, Vo'. 16, No.2, 1987 

Data T/K 

tyPe 

RN 303 

RE 298. 

'k,k/k(ref), 

A,A/ACref) 

1.22(11) 

1.2(11) 

RE 298-600 (1.5±1.2)(13) 

.f:X ze6 
EX 298-600 

RE 298 

RE 298-600 

EX *) 

RL 303 

SE 298 

EX 299 

EX 299-392 

EX 2D8 

EX 298-600 

RN 303 

(1.ZO:tO.13){ll) 

(2. 06±0 .37 )(13) 

1.2(11) 

2.1(13) 

(7 • 7:t2 • 0)( 11 ) 

23.0 

7.7(11) 

(2. 12:tO . 21)( 11) 

7.7(12) 

(2.37;&;0.26)(11) 

(2.28:!:O. 51)(13) 

2.81(11) 

n B, k,A kerr. 

B-B(ref) units factor 

1382%300 

1550:t70 

1550 

1082:tl50 

1350±90 

2 

2 

2 

2 

2 

2 

2 

2 

2/2 

2 

2 

2 

z 

2 

2 

1.3 

2 

1.3 

2 

2 
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Table 4.4. Data forO(3p) Reactions with I Aromatic Hydrocarbons -- C~ntinued 

Reaction, Reference Code, Notes 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + m-cD3C6D4CD3 ~ products 

Oxygen atom + m-Xylene-dlO 

82 NIC/GUM2 

Flash photolysis-Resonance fluorescen~~. 

o from vec. uv photol.' of O2 , ,Error=2u. 

k(298K)=2.20(11) (calcd. from Arrh. Eq.) 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + P~3C6B4CB3 ~ products 

Oxygen atom + p-Xylene 

68 MAN/SAU 

*)T probably -Z98K. 0 from pulse radiolysis 

of COZ or N20. k from absorption tracings 

of (not positively identified) transients. 

70 GRO/MOS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: 0+ Benzene ~ products 

Normalized k(Z98)=1.19(11) (86 CVE) 

73 HER/HUI 

74 ATK/PIT2 

Phase shift-O+NO chemiluminescence. 

o from Bs-photosensitized decomp. of N20 . 

Quoted errors are estimated overall limits. 

75 ATK/PIT 

(S&& Nnt~~ in procodins ontry, 7~ ATK/PIT2) 

82 NIC/GUM2 

Flash photolysis-Resonanc& flnorasc(lnc@. 

° from vac. uv photol. of Oz. Error=2u. 

86 CVE 

Derived from relative k data (70 GRO/HOS) 

using for Benzene k(Z98K)=1.22(10). 

Recommended value of k 

Recommended values of Arrhenius A and B 

Data T/K 

type 

RE 298 

RE 298-600 

EX 298 

EX 29B-600 

RE 298 

RE 298-600 

EX *) 

RL 303 

SE 298 

EX 300 

EX 299-392 

EX 298 

EX 298-600 

RN 303 

RE 298 

RE 298-600 

k,k/k(ref) , 

A,A/A(ref) 

2.4U1) 

( l. 5±l. 1) (13 ) 

(2. 40±0. 24)( 11) 

(1 67±0 35)(13) 

2.4(11) 

(1.7±O.4)(13) 

(4. 5±1. 4) (11) 

9.77 

4.5(11) 

n.09±O.11)(1l) 

7.9(12) 

( 1. 32±0 . 13) ( 11 ) 

(2. 3S±0. 46) (13) 

1.19(11) 

1.2(11) 

(1. 57±1.10)( 13) 

n B, k,A kerr. 

B-B(ref) units factor 

1216±200 

1290+BO 

1290±80 

1278±IS0 

1540±90 

1409±185 

2 

2 

2 

2 

2 

2 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

l.3 

2 

1.3 

2 

2 

1.2 

2 
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Table 4.4. Data for O(3P) Reactions with,~pmatic Hydrocarbons -- Continued 

Reaction, Reference Code, Notes 

o + C6B5C(CBa>3 ~ p~oduo~G 

Oxygen atom + Benzene, t-butyl-

70 GRO/MOS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: 0+ Benzene ~ products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

86 CVE 

Derived fxom relative k data (70 GRO/HOS) 

using for Benzene k(298K)=1.22(10). 

Recommended value of k 

Provisional recommendation. 

o + 1.2.3-(CB3)3C6B3-~ products 

Oxygen atom + Benzene, 1,2,3-trimethyl-

70 GRO/HOS 

k/kref : from ratio of the pheno~s ~ormed. 

Ref. Rn.: 0+ Benzene ~ products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

74 ATK/PIT2 

Phase shift-o+NO chemiluminescence. 

° from Hg-photosensitized decomp. of N20. 

Quoted errors are estimated overall limits. 

75 ATK/PIT 

(See Notes in preceding entry, 74 ATK/PIT2) 

e6 evE 

Derived from relative k data (70 GRO/HOS) 

using for Benzene k(298K)=1.22(10). 

Recommended value of k 

Recommended values of Arrhenius A and B 

o + 1,2.4-(CB3>3CSB3 ~ products 

Oxygen atom + Benzene. 1.2.4-trimAthyl-

74 ATK/PIT2 

Phase shift-O+NO chemiluminescence. 

° from Hg-photosensitized decomp. of NaO. 

Quoted errors are estimated overall limits. 

75 ATK/PIT 

(See Notes in preceding entry, 74 ATK/PIT2) 

Recommended value of k 

Recommended values of Arrhenius A and B 

J. Phys. Chem. Ref. Data, Vol. 16, No. 2,1987 

Data T/K I 

type 

RL 303 

RN 303 

RE 298 

RL 303 

EX 300 

EX 299-392 

RN 303 

RE 298 

RE 298-400 

EX 300 

EX 299-392 

RE 298 

RE 298-400 

k,k/k(ref) , 

A,A/A(ref) 

3.60 

4.39(10) 

4(10) 

25.0 

(6 . 9±0 . 7)( 11 ) 

1. 03 (13) 

3.0:>~.1l) 

6.9(11) 

1.0(13 ) 

(6. 0%0 . 6) ( 11 ) 

9.35(12) 

6(11) 

9(12) 

n B, k,A k'err 

B-H(ref) units facto: 

805±150 

800±300 

830±150 

800±300 

U2 

2 

2 

2/2 

2 

2 

z 

2 

2 

2 

2 

2 

2 

2 

1.3 

2 

1.3 

2 
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Table 4.4. Data for.0(3p ) Reactions with~Aromatic Hydrocarbons -- Continued 

Reaction, Reference Code, Notes 

a + 1.3.S-(CB3)3CSB3 ~ products 

Oxygen atom + Benzene, 1,3,5-trimethyl-

70 GRO/MoS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: a + Benzene .. products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

Normalized k(298)-9.76(11) (86 CVE) 

74 ATK/~IT2 

Phace chi£t-O+NO chemilumdnQscence. 

o from Hg-photosensiti,zed decomp. of N20. 

Quoted errors are estimated overall limits. 

75 AT'K/PTT 

(See Notes in preceding entry, 74 ATK/PIT2) 

86 CVE 

Derived from relative k data (70 GRO/MeS) 

using for Benzene k(Z98K)=1.2Z(10). 

Recommended value of k 

Recommended values of Arrhenius A and B 

a + CSBSR ~ products 

Oxygen atom + Pyridine 

68 MAN/SAU 

*)T probably -298K. 0 from pulse radiolysis 

of COZ or NZO. k from absorption tracings 

of (not positively identified) transients. 

73 HER/HUI 

83 TAB/GON 

Modula~ed microwave diScharge (in Ar/N2U) 

fast flow system. O+NO chemiluminescence. 

k(298K)=4.26(10) (calcd. from Arrh. Eq.) 

Recommended value of k 

Provisional recommendation. 

RQcommondod val~oc of Arrhenius A and B 

Provisional recommendation. 

Data T/K 

type 

RL 303 

EX 300 

RN 303 

RE 298 

RE 298-600 

EX *) 

SE 298 

EX 323-473 

RE 298 

BE 300-500 

k,k/k(ref) , 

A,A/A(ref) 

80.0 

(1. 158±0 .20) (lZ) 

B 0'H1?) 

9.76(11) 

1. 6( 12) 

6.0(12) 

( 1. O±O . 3) ( 11 ) 

1.0(11) 

(2.9±0.3){l2) 

4.3(10) 

2.0(12) 

n B, k,A kerr. 

B-B(ref) units fa~tor 

388±15D 

400±200 

1258±150 

1260;1;300 

2/2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Table 4.4. Dat.a for O(3P) Reactions with Aromat.iF' Hydrocarbons -- Continued 

Reaction, Reference Code, Notes 

° + C6BS:;1 .. product.s 

Oxygen atom + Benzene, chloro-

68 MAN/SAU 

*)T probably -298K. ° from pulse radiolysis 

of CO2 or N20. k from absorption tracings 

of (not positively identified) transients. 

Recommended value of k 

Provisional recommendation. 

o + CsB5F .. products 

Oxygen atom + Benzene, fluoro-

68 MAN/SAU 

*)T probably -298K. ° from pulse 

of CO2 or N20. k from absorption 

radiolysis 

tracings 

of (not positively identified) transients. 

70 GRO/MOS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: ° + Benzene ~ products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

86 CVE 

Derived from relative k data (70 GRO/MOS) 

using for Benzene k(298K)=1.22(10). 

Recommended value of k 

Provisional recommendation. 

° + CsBsCFa .. products 

Oxygen atom + Benzene, trifluoromethyl-

70 GRO/MOS 

k/kref : from ratio of the phenols formed. 

Ref. Rn.: ° + Benzene ~ products 

(Tar formed in the reaction assumed not 

to affect phenol ratios). 

86 CVE 

Derived from relative k data (70 GRO/MOS) 

using for Benzene k(298K)=1.22(10). 

Recommended value of k 

Provisional recommendation. 

J. Phys. Chem. Ref. Data, Vol.1S, No.2, 1987 

Data T/K 

type 

EX *) 

RE 298 

EX if) 

RL 303 

RN 303 

RE 298 

ru. 303 

RN 303 

RE 298 

kl,k/k(ref) , 

A,A/A(ref) 

(3 . 1±0 . 8) ( 11 ) 

3(11) 

(2.7;1.:0.6)(10) 

0.67 

8.17(9) 

8(9) 

0.20 

3.53(9) 

3.5(9) 

n B, k,A kerr. 

B-B(ref) units factor 

2 

2 

2 

2/2 

2 

2 3 

liZ 

2 

2 
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