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Evaluated Kinetic Data for High-Temperature Reactions

Volume 5. Part 1. Homogeneous Gas Phase Reactions of the Hydroxyl Radical with Alkanes

D. L. Baulch, M. Bowers, D. G. Malcolm, and R. T. Tuckerman

Department of Physical Chemisiry, University of Leeds, Leeds, LS2 9JT, England

The available kinetic data for the homogeneous gas phase reactions of the hydroxyl
radical with alkanes have been compiled and critically evaluated. For each reaction, rel-
evant thermodynamic data, a table of measured rate constants, a discussion of the data,
and a comprehensive bibliography are presented. Wherever possible the preferred rate
parameters are given with their associated error limits and temperature ranges.

Key words: chemical kinetics; critical evaluation; gas phase; hydroxyl radical; alkanes; rate con-
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1. Introduction

The work presented here is output from the kinetics
data evaluation project in the Department of Physical
Chemistry, University of Leeds. The aims of this project are
to (a} select specific homogeneous reactions of importance
in high-temperature systems, (b) prepare for each reaction a
comprehensive tabulation of the available reaction rate data,
(c) evaluate critically the existing data and, wherever possi-
ble, recommend reliable values for the rate parameters, and
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(d) produce the material in a format convenient for use by
both specialist and nonspecialist.

High-temperature systems of greatest practical impor-
tance involve reactions of atoms, small radicals, and mole-
cules, composed of the elements hydrogen, carbon, nitrogen,
oxygen, sulphur, fluorine, and chlorine. Even restricting our
interest to the homogeneous gas phase reactions of these
leaves a formidable number of possible reactions; selection is
unavoidable. We have concentrated our attention on those
reactions for which sufficient rate data exist to allow some
critical assessment. However, we have included other reac-
tions which are related to those critically assessed or which
may be important in either high-temperature processes or
related low-temperature systems. No doubt some reactions
of interest will have been overlooked and we hope that users

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986



466 BAULCH ET AL.

of these tables will not hesitate to inform us of such omis-
sions.

The present work is the first part of Vol. 5 in a series
planned to cover all the major areas of high-temperature gas
phase kinetics. The previous four volumes in the series deal
with the systems H,~O, (Vol. I, Butterworth and Co.,
1972), N,~N,~O, (Vol. 2, Butterworth and Co., 1974), O,~
O;, CO-0,-H,, and sulphur-containing species (Vol. 3,
Butterworth and Co., 1976), halogen- and cyanide-contain-
ing species (Vol. 4, J. Phys. Chem. Ref. Data 10, Suppl. 1.
1981), and were all published as separate books. The deci~
sion to fragment Vol. 5 and publish the parts separately was
taken because the material being evaluated in this volume
(reactions of H, OH, O, and HO, with alkanes) is complex,
the rate of evaluation is relatively slow, and some of the eval-
nated material is likely to date more rapidly than many of
our previous evaluations. All of these factors point out the
need for a more rapid form of publication than could be
achieved by accumulating enough material for a complete
volume.

In the production of this work we acknowledge the as-
sistance of many associated with the evaluation project, in

particular, the Science and Engineering Research Council
for the provision of funds.

1.1. Presentation of Material

This paper contains critical evaluations of the rate data
for elementary reactions between the hydroxyl radical and
alkanes. A separate section is devoted to each reaction or
group of reactions, and within each section the material is
presented in the following order: (a) thermodynamic data,
(b) recommended values of the rate parameters and their
range of validity, (c) graphical presentation of rate data, (d)
table of rate data, (e) discussion, and (f) references.

a. Thermodynamic Data

Thermodynamic data were calculated from a variety of
sources.'™ For the reaction between OH and methane, val-
ues of AH", AS®, and log K, are given at intervals over the
temperature range 2985000 K. For other alkanes, AH 5, is
given where thermodynamic data are available.

b. Recommended Values of the Rate Parameters and their Range
of Validity

Throughout this paper the rate constant for the elemen-
tary reaction,

aA + bB + «s>mM 4 nN + -,

is defined by the relation
1diAl_ _1d[B]_  _ a[B]P...
R
m dt n dt ’

and is given in (¢cm mol s) and (cm molecule s) units.

The recommended value of the rate constant denotes
the value which, in the opinion of the authors, is most consis-
tent with the available experimental rate determinations and
the thermodynamic data.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

‘Whenever possible the recommended rate expression is
given in the simple Arrhenius form,

k=Aexp(C/T), (1

where 4 (the pre-exponential or “4 ” factor) and C are con-
stants. Alternatively, where the accuracy of the data merits
it, they have been expressed as

k=A'T"exp(C'/T), (2)

whereA ', n, and C ' are constants. In the case of the hydroxyl
radical reacting with an alkane, several reaction channels
may be operative corresponding to the abstraction of hydro-
gens from different sites in the molecule. In such cases the
overall abstraction rate constant has also been given the
form of Eq. (2), but it must be appreciated that the usual
physical interpretation of C' in terms of the energy barrier,
and the pre-exponential factor in terms of the entropy of
activation can no longer simply be made since these con-
stants are now complex composite functions of the physical
properties of several channels.

‘When the data fit Eq. (1), the recommended values of
the pre-exponential factor (4) and the activation energy
(E = CR) for each reaction were obtained from the best
straight line which could be drawn through the data plotted
on an Arrhenius diagraimn (log &k vs T 1), taking into ac-
count the differing reliabilities of the various experimental
determinations. Where it has been necessary to use an
expression for k involving a pre-exponential temperature de-
pendence, Eq. (2), values of 4’ and C’ have been obtained
from the best straight line drawn through the data on a plot
oflog(kT —™) vs T ~'. The energy of activation (k) is relat-
ed to C' by the relationship E = C'R 4 nRT. Fitting of a
straight line to the data has been purely visual; application of
a least-squares calculation involves the assignment of
weighting factors, which is difficult to do on a rational basis,
and in many cases any atiempt to improve the accuracy of
the fit is not justified by the quality of the data.

The error limits for 4 and £ were obtained by examin-
ing the extreme lines that could reasonably be drawn
through the experimental points. There is no simple means
of relating the errorsin 4 and E to the error in kX when calcu-
lated from the recommended expression, and there is a dan-
ger of grossly overestimating errors in k by simple substitu-
tion of errors in 4 and E into the expression for £. To avoid
this we have chosen to specify errors in log & estimated from
the scatter of data over the entire investigated temperature
range. These errors should be used when values of k are
calculated from the recommended expression.

Fach rate canstant expression has been recommended
for use in the limited temperature range dependent on the
extent of the available data, The recommended expression
can be used outside that range, but the error is likely to be
large and is difficult to specify.

c. Graphical Presentation of Rate Data

If there are sufficient experimental data on a specific
reaction, the available data are presented on a graph usuaily
aslog k vs T —*. Wherever possible the original rate constant
data have been recorded as points on the diagram rather
than as the rate constant expressions derived from them by
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the original authors. In some cases, where the original data
are only presented as points on a graph, they have been trans-
ferred to our own diagram by measuring the coordinates of
each point in the original paper. Only when the experimental
results are given solely in the form of a temperature-depen-
dent expression, e.g., Eqs. (1) and (2), do we record it as a
line on our diagram.

There have been previous evaluations for many of the
reactions in this volume. All such recommendations for &
are also presented, sometimes on a separate diagram, so that
they may be conveniently compared with those derived here.

Where there is a large body of data to be displayed it has
been presented, for clarity, on two diagrams, one recording
values of rate constants derived [om relative rate measure-
ments, and the other recording absotute values.

d. Table of Rate Data

For each entry in these tables the following features are
recorded: (a) measured values of the rate constant; (b) the
temperature of each measurement; and (c) a brief outline of
the experimental method used and the reference, and any
pertinent comments on special features of the work, Wher-
ever necessary the rate constant recorded in the first column
has been converted (o the system of units used throughout
this volume (cm mol s). In a few cases, which are noted in
the text, a different definition of & has been used from that in
the original paper (see Sec. 1.1.b for definition of k) and the
appropriate changes to the values for £ have been made. In
the third column the intention has been to record sufficient
details of the technique for the specialist to be able to under-
stand how the determination was made and pertinent com-
ments on the technique and other aspects of the work. Also
recorded are references to all the work in which that particu-
lar determination of the rate constant has been subsequently
discussed or used. By use of this feature of the tables, in
conjunction with the references, it is possible to trace any
quoted value of a rate constant to its source.

The entrics in the tables are in chronological order but
the tables themselves are divided into at least two sections.
The first contains details of original experimental and theo-
retical determinations while the second comprises other
work, i.e., recommended expressions from review articles,
compilations, and evaluations. A third section has been add-
ed in a few cases to record the available data on isotopic
reactions.

Our evaluations are based on experimental data with
theoretical and empirical estimates being used only for gen-
eral guidance. No attempt has been made therefore to record
all of the theoretical estimates available; the few that have
been tabulated have been placed in the tables of experimental
values, rather than introduce a separate section for them.

One of the difficulties associated with recording the val-
ues of rate constants derived from measurements of rate con-
stant ratios is that the rate constants so obtained depend
upon the value of the reference rate constant used. In tabu-
lating such measurements no entry has been placed in col-
umn 1 of the table, but in column 3 the measured rate con-
stant ratio is recorded, together with the value of the rate
constant derived from it in the original paper, and also the
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value derived using the value of the reference rate constant
which, in the opinion of the evaluators, is the best value cur-
rently available.

e. Discussion

The principal aim of this section is to present concisely
the reasons leading to the recommended rate expression. In
some cases it is possibie to state specifically why some results
are rejected in favor of others, but often it is not possible to be
so specific. The data are subjected to a variety of compara-
tive tests; their relation to the work of others, to theory, and
to the results on other reactions are considered, and as far as
is reasonably possible the conclusions from each comparison
are recorded. However, in all of this there is an element of
personal judgment on the part of the evaluator, which is
difficult to record, but which is an essential feature of the
evaluation process.

{. References

The bibliographies are largely the result of literature
searches by the authors which were terminated in October
1984. There were a number of reviews which were helpful in
both the collection of bibliography and the evaluation.>°

1.2. Symbols and Units

A list of symbols used in this work is presented below.
A Pre-exponential factor in the Arrhenius expression,
Eq. (1).
A'  Temperature-independent part of the pre-exponen-
tial factor in non-Arrhenius expression, Eq. (2).
C Constant in the exponential term of the Arrhenius
equation C = E /R.
Constant in the exponential term of the non-Arrhen-

ius expression C = (E — nRT)/R
Actlvatxon energy. E = 2.303R{d log k/8(1/T)}.

E' E'=E-—nRT=C'R.
T Temperature in kelvins (K).
Rate constant, defined in Sec. 1.1.b.
K,  Equilibrium constant (standard state 101.325 kPa).
log K, = — 2.303(AH" — TAS")/RT.
n Constant in non-Arrhenius expression, Eq. (2).
[X] Concentration of X.
R Ideal gas constant,
R =8314JK 'mol™!
= 1.987 cal K~ ! mol™!
= §2.05 cm?® atm K~! mol ™%,

AH°  Standard enthalpy change (standard state 101.325
kPa).

AS®  Standard entropy change (standard state 101.325
kPa).

TABLE 1. Conversion factors

1cal = 4.184)
1 mm Hg =133.3 Pa
1atm =101.3kPa

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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TABLE 2. Conversion factors for second order reactions

A cmamol._le'l L mol_la-l mol”ls_l ¢m3molccu1e;—la_1 {mm Hg)_].;—l
B
en’mo1 171 103 108 6,023x1023 62.40x10%7
L mo1™ls7! 1073 10 6.023x10%0 62,40 T
wnot bs! 1676 1073 6.023x1017 62.40x10737

3

cnmolecule ts™l 0.1660x10°%3  0.1660x10720

(mm Hg) 17 16.03x1070171  16.03x1073771

0.1660x10717

16.03 T}

10.36x10~ 207
96,5310t 771

Throughout this work the symbol log refers to logarithm to
the base 10.

Mainly, SI units have been used throughout, but for
those more familiar with other units, a list of conversion
factors is chown in Table 1.

Rate constants have been expressed in (¢m mol s) units
and, to assist conversion between these and other units, con-
version factors are given in Table 2.!
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2. Summary of Rate Data

Evaluated Kinetic Data For High Temperature Reactions, Volume 5.

Part 1. Homogeneous Gaé Phase Reactions of the Hydroxyl Radical With Alkanes.

Alkane k298 dlog k298 Temperature dependence Temp. Alog k

«:rn3u101"15“l of k/cm3mol_ls“1 range/K

Normal and Branched Alkanes

Methane 4.7x107 4041 1.5x1007%* 1 3axp(~1230/T)  230-2000 0.1 below 500 K
trising to 0.3
above 1000 X

Ethane 1.8x10l1 £N.1 1.ax108305ni-1300/7) 250-1200 20.1 at 300 ¥ rieing
to +0.3 above 1000 K
Propane 7.9x10%1 +0.12  1.1x10%72+93exp(390/T) 290-1200 +0.12 at 300 K rising
to +0.3 above 1000 K
n-Butane 1.6x10%2 +0.11  1.0x10971+3 300750 40,11 at 300 K rising
to $0.3 at 750 K
Isobutane 1.6x1012 $0.12 1.9x10%73+ lexp(860/T) 290-750  +0.12 at 300 K rising
to 3.3 ar 750 K
Neopentane 5.4x1011 40,12 4.8x10%72+08exp(-70/T) 300-1000 40,12 at 300 K rising
to 0.3 at 1000 K
n~Pentane 2.5x104 0.2 - - -
2-Methylbutane 2.4x1012 +0.2 - - -
n-Hexane 1.5x1012 £0.15 - - -
2-Methylpentane 3.4x1012 +0.2 - - -
3-Methylpentane 3.7x1012 +0.2 - - -
2,2-Dimethylbutane 1.6x1012 +0.2 - - -
2,3-Dimethylbutane 3.5x1012 £0.2 - - -
n-Heptane 4.5x1012 0.2 - - -
2,2,3~Trimethylbutane 2.6x1012 +0.15 - - -
2,4~Dimethylpentane 3,3x1012 +0.2 - - -
n=-Qctane 5.5x1012 +0.2 - - -
2,2,3,3~Tetramethylbutane  6.6x1011 40.15  1,0x10712*Oexp(-90/T) 300-700  #0.15 ar 300 K rising
to 0.3 at 700 ¥
2,2,4~Trimethylpentane 2.3x1012 +0.2 - - -
n=Nonane 6.6x1012 40,2 - - -
n-Decane 7.1x1012 +0.3 - - -

Cycloalkanes

Cyclobutane 7.0x101! +0.3 - - -
Cyclopentane 3.0x1|012 +0.2 - - -
Cyclohexane 4.5x1012 +0.15 - - -
Methyleyclohexane 6.6x1012 +0.2 - - -

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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3. OH + CH4 — CH3 + Hzo

THERMODYNAMIC DATA

T AHC 4s° log X
(X) (kJ mo1™h) @kt meah

298 ~60.982 13.037 11.364
100 ~60.969 13,075 11.297
500 ~59.794 16.175 7.089
1000 -59.430 16.936 3,989
1500 -61.216 15.518 2,942
2000 -63.467 14.217 2.399
2500 -65.706 13.221 2,064
3000 -67.839 12,447 1.831
3500 ~69.864 11.816 1.659
4000 -71.810 11.301 1.528
4500 ~73.689 10,862 1.422
5000 -75.521 10.473 1.336

RECOMMENDED RATF CONSTANT

1.5 x 10072+13axp(~1230/T) emmo1~ts™!
= 2.5 x 10“18T2'13exp(—]230/T) emlmotecule~ls™!
Temperature Range: 230-2000 X.

=
L}

Suggested Error Limits for Calculated Rate Constant:
Olog K = ).l below 500 K, rising to alog Xk = +0.3 abhove 1000 K.
Rate Parameters: log(A'/cm3m01_ls'l) = (7,10 + 2.13 log T) +0.3
log (A'/emdmolecule™ls™1) = (=16.7 + 2.13 log T) +0.3
E'/J mol™! = (10 200 + 17.7 T) $1000
E'/cal mol™! = (2 440 + 4.2 T) +240

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CHy —» CH3 + H,0

T/K
2000 1000 500 300 250 200
14,0 ] T T ! 1
EXPERIMENTAL DATA
o [Avramenko. 19523
ol Avramenko and Kolesnikova 196427
20 © Fenimore and Jones 195111
'%Q p=e{ Westenberg and Fristrom 196114
( & Pratt 196217
13.0 b o Fristrom 10632
\ & Dixon-Lewis and Willians 196738
\ \ B Greiner 196741
"< “ - Horne -and Norrish 196745
: A Suzuki and Morinaga 1.95_7"'9
A A Wilson and Westenberg 196754
,‘ 4 \ Bl Serauskas and Keller 196954
f "\ @ Greiner 197070 300
Mo\ @ 7 Davis 197398:99 9.9 T
4 - {Peeters and Mghnen 1973107
12.0 | & ¢ ] Peeters 1974122
o A T
o 12
- 9.7 5\\\
i s &
b
o . ] ®
=4 \
= 110 B J'y )
5 %
S ©
38 9.5 L
142 . 3.4
10.0 F @ Davis et a1, 1974177
® Margitad et al, 197412
@ Gordon and Mulac 1975133
© Overend et ai, 1975138
Steinert and Zellner 1975142
© Bradiey et.al. 1976149
O Cox et al. 19761505151
- Eberius et al, 1976 (see Ref, 163)
- Howard and Evenson 1976156 'Y
9.0 [B Zellrer and Steinert _1976163 d\
X Ernst et al. 19781% o
B - Sworski et al, 1980240
& Tully and Ravishankara 1980241
A Hisain, Plane and Siater 1981245
€ Jeong and Kaufman 1982251
ween This evaluation
8.0 1 ! : ] 1
0 1.0 2.0 3,0 4.0 5.0

10°T /K71

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CH, — CH; + H0

EXPERIMENTAL DATA

Reference and Comments

Rate Constant Temperature
k/cmzmol"ls"l T/K
438-623
2.4x1014exp(—4200/T) unspecified
696-786

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

VAN TTGERLEN 1942}

Static photolysis of CH3COCH3(k.27-5.65 kPa) in the presence
of CH,(14.5~20.4 kPa) and 0,(49.4-70.2 kPa), [CO,] determined
by ahserption on KOH: [0,1, [H,]. [CH,1 and [CO1 by
fractionation of the products.

Author concluded that reaction 1 was the principal reaction
removing CH4 and was responsible for the observed activation
energy Ey = 35.6 kJ mol'l(&S kcal mol'lL

OH + CH, = CHy + Hy0 (n
OH radicals presumed formed by reaction of CH, radicals (from
acetone photolysis) with 02. ,
Quoted in Ref. 4, in which doubts expressed as to whether
activation energy measured does refer to reaction 1, the system
being so complex.

AVRAMENKO 19523
AVRAMENKO and KOLESNIKOVA 196442

Discharge flow system. HZO at about 4.0 kPa pressure. CH,
added downstream. [OH] measured by u.v. absorption along the
axis of the flow reactor.

Source of OH suspect.21

H and O atoms are also produced
in the discharge, giving rise to secondary reactions which
generate more OH., Consequently, the apparent rate of removal
of OH from the system is much lower than is compatible with
reaction 1.

Quoted by Kefs., 8,12,14,20,33,45,48,50,32,53,73 and 76.

Used by Refs. 28,78,79,85,127,147,148 and 176.

ENIKOLOPYAN 19599
KARMILOVA, ENIKOLOPYAN, NALBANDYAN and SEMENOV 19609

Static system. CH4(33.3—66.7Z)/02 mixtures at total
pressures of 13.3-50.0 kPa. Stable products analysed by
absorption chromatography.

Authors monitored appearance and decay of formaldehyde and
propoced a nine step oxidation mechanicm to acecount for this
and the rate of methane disappearance. Reproducible results
were obtained in aged vessels leading to the ratio,

[HcRo) . /{cH,] = (el p/legie, 3003 = awn(~3900/T)
over the quoted temperature range.

HO, + CH, — CHy + H,0, 2)
OH + HCHO — CHO + Hy0 (3)
HO, + HCHO — CHO + H,0, (4)

Quoted by Refs. 25 and 58.
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BAULCH £T AL.

OH + CH, — CH; + H,0

EXPERIMENTAL DATA - coNnTINUED

Reference and Commeuts

Rate Constant Temperature

l~:/cm3m|31"ls—1 T/K
1.0x10%3 1225
1.5x1013 1445
1.8x1013 1560
1.6x1043 1580
2.1x1042 1690
3.0x1013 1800
2x1013 1650-1840

673-923

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

FENIMORE and JONES 1961%1
Flame study. CH,(6.69~19.2%)/H,(0~20.1%)/N,0(8.19-38.42)/0,

mixtures at total pressures of (.40-1.87 kPa. [CH_,‘], [C02],
[N,0], [CO] monitored by mass spectrometry, [H] estimated from
[NZD] disappearance, assuming that under the conditions chosen,
H is lost exclusively through reaction 5.

K + NgO —-» N, + OH (5)
{OH]} was estimated from the kinetics of reaction 6, taking kg
from Ref. 5.

CO + OH —~ €O, + H (6)
Assuming that in fuel—~lean flames CH4 disappears only through
reaction 1, the authors obtained wvalues of kl and derived the
expression k; = 3.5x101£’exp(~4500/'1‘) em3mol~ls™L,
Quoted by Refs. 19,20,28,30,33,36,37,38,50,51,52,53,54,67,153.
Used by Refs. 23,48,69,71 and 73.
E| quoted by Ref. 75.

WESTENBERG and FRISTROM 19611%

Flame study. CH,(7.8%)/0, mixtures at 5.1-10.1 kPa (0,05~
0.} atm.) pressure. [CO], [co,l, [CHl’] monitored by mass
spectrometry.

Authors used their own value of kg determined in the same
study to give [OH] profiles and thus obtain a value for k.,
assuming reaction 1 to be the predominant path removing CH,.
Value of k; obtained in 0.1 atm. flame is a factor of three
higher than that in 0.05 atm. flame. Value quoted is average.
Quoted by Refs. 11,15,16,19,20,28,33,50,54,67 and 153.

Used by Refs. 23,48,71 and 73.

HOARE 196216

Flow system. H202 in excess He decomposed in the presence
uf CO and Cﬂq. 1Co]/ICH4] varled by factor of 50. Analysis by
gas chromatography. No further details.

Competitive rate kl/k6 determined from product analysis.
kl/k6 = 0.83(673 K), 1.10(723 KR), 2.1(798 K), 2.7(873 K) and
3.4(923 K). Author derives E|~E¢ = 29 kJ mol”}(7 keal mo1™1)
from which we obtain kl/kﬁ = l.5x102exp(—3500/T).

OH + CH, —» CHy + Hy0 ()

CO + OH = CO, + H (6)
Using our expression for ks(Vol. 3, p. 203) we obtain k1 =
1.03x10 ¢a73 ®y, 1.a3«10lli(793 ®), o.as«1nll(rog x),
4,03x1011(873 ) and 5.31x10!! cn3wo1™1s71(923 K), giving an
expression k) = 4.hx1013exp(-4100/'r) em3mo1™lg7 1,
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BAULCH ET AL.

OH + CH, — CH; + H,0

EXPERIMENTAL DATA - CONTINUED

Reference and Comments

Rate Constant Temperature
k/cmamnl_ls—l T/
2.71x1012 1160
1.41x1012 1175
8.7x10!! 1180
6.3x1011 1184
toosxigl? 1191
4.1x101! 1209
1.26x1012 1210
s.6x1011 1220
5.1x1011 1237

1.4x10 4exp(~3300/T) 1300-1680
673
773

J. Phye. Chom. Ref. Data, Vol. 15, No. 2, 1086

Quoted by Refs. 25,28,44,50,52,53,54 and 71.
Author also obtained kl/k3 = 0.030(798 K), 0.037(873 K) and
0.046(923 K).

OH + HCHO — CHO + Hy0 )

PRATT 196217

Flame study. CH,(<0.1%)/air mixtures at 101.3 kPa
pressure. [H2] analysed by gas chromatography, [CO], [CO,] and
[CHQ] by i.r. spectroscopy.

Author assumed reaction ! was the principal reaction
removing CHQ and deduced a rate constant on the basis of
species profiles through the flame. [OH] deduced from reaction
6 assumed to be the only reaction removing CU. kb taken rrom
Refs. 2,7 and 10. Mean value of k; = 1x10'2 cm3mo1~ts™! given
at about 1200 K.

CO + OH —» CO, + H (6)
In comment following Wilson and Westenberg's pzmer,sl+ Pratt

suggests his data unreliable.

FRISTROM 196320

Flame study. CH&(7.SZ)/02 flames at 5,07 kPa pressure.
(€0] and [€0,] determined by mass spectrometry.

Author assumed CO converted to CO, by reaction 6. [OH] was
derived from [CQ] and [COZ], taking k6 from Ref. 14. Thus
k, was obtained from [OH] disappearance. Results for k;
combined with those from Ref. 14 to give quoted expression.
Quoted by Refs. 15,19,25,28,33,39,41,50,52,53,100 and 153. .
Used by Refs. 48,69,71,163 and 218,

BLUNDELL, COOK, HOARE and MILNE 196523

Static system. CHA/OZ mixtures varied from 5:1 to 1:10, at
total pressures of 12,0-60.0 kPa. [CO], [N,], [CH,]l, [0,],
{€o,1, [H,0], [HCHO] monitored by gas chromatography.

Rate constant ratio kI/kﬁ obtained by comparing rate of
removal of CH, with the rate of production of CO,. Authors
deduced kl/k6 =1 (673 K) and 1.8 (773 K). Using our
expression for k(’(Vol. 3, p. 203) we obtain k= l.25x-10“(673
K) and 2.45x10'! cm?mollsT1(773 K).

Quoted by Refs. 37,38,40,50,54,67,71,100,107 and 110,
Used by Ref. 48.
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()fl‘F Cﬂi4-» ("*3 4"*2‘)

EXPERIMENTAL DATA ~ CONTINUED

Rate Constant

k/emomol 1s™!

Temperature

T/X

Reference and Comments

8.51x101210-Sexp(-3271/T)

1. 1x101410+ 6750 20 (~1100/T)

All

673-923

798

1000~5000

CHINITZ 196526
Theoretical estimate from collision theory. Results used

in analysis of non-equilibrium CHA/air combustion.

HOARE 196677
Flow system. Hy0, decomposed in excess He in the presence
of C€0(<0.01-4,9%) and CH4(0.68~13.1%). Total pressure 101.3
kPa. [coj, f[co,l, [0,1, [CH,] determined by gas
chromatography, [Hy0,] and [HCHO] by thiosulphate titration.
Extension of earlier work.16 From the product yields, the
ratio kllkﬁ given as U.85(b/3 K), 1.,25(723 KJ, 241(798 R),
2.8(873 K) and 3.6(923 K). The activation energy difference
E;-Eg again given as 29 kJ mol—1(7 kcal mol'l) giving k/kg =
1.59x10%exp(-3500/T) .
OH + CH, = CHy + Hy0 @)
CO + OH —» CO, + H 6)
Usiug vur value for kg(Vols 3, ps 203), we obtain k; =
1.07x10 (673 k), 1.63x1011¢723 k), 2.92x10ll(798 k),
4.18x1011(873 k) and 5.62x101! cm3mo171s71(923 K), giving the
expresaion k) - 4-88x1013axp(-4120/T) em3mo1~le"l
Author also obtained ky/k4 = 0.030 at 798 K.
OH + HCHO —» CHO + H,0 (3)
Quoted by Refs. 52,53,58,71,72 and 110.
Used by Ref. 48.

HOARE and PEACOCK 196634

Flow system. Decomposition of H202(1.27%) in He or N,
carrier, in presence of CO(18.0~26.2%) and CHA(S.OB—IS.GZ).
Total pressures 13.3-101.3 kPa. [(CO], [CO,1, [05}, (CHL], [H,]
determined by gas chromatography, [HCHO] by thiosulphate
titration.

Extension of the work in Ref. 33 to pressures <100 kPa. No
pressure effect observed, the authors obtaining the ratios
k1/k6 = 2.3 and kllk3 = 0.036. Using our expression for
kg(Vol. 3, p. 203), we obtain k, = 3.21x10}! cnlnor=ts™ L.
Quoted by Ref. 62.

Used by Ref. 48.

MAYER and SCHIELER 19663

Theoretical estimate from transition state theory.
Quoted by Refs. 51,52,53 and 153.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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BAULCH ET AL.

OH + CH4 - CH3 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cmsmol—ls'l /K Reference and Comments
- 773 BALDWIN, NORRIE and WALKER 106737
BALDWIN, EVERETT, HOPKINS and WALKER 196855

Static system. Hz(14-143%)/02(7—56%)/CH4(iIZ)/N2 mixtures at
a total pressure of 66.7 kPa. {C0,] determined by gas
chromatography; [H2] manometrically.

Reactions of hydrocarbons in slowly reacting H2/02 mixtures
observed. Oxidation products CO and HCHO converted to COZ for
analysis. From the rates of consumption of CH4 and H2, authors
obtained k; = ky, and taking ky from Ref. 21, derived k| =
1.4x101% cmdmo1~ts™! ar 773 k.

OH + CH, —-» CHy + H,0 (1
H2+0}1-—-—>H20+H (@)
Ratlo k,/k; rather insensitive to mechanism chosen.
Quoted by Refs. 38,52,53,54,89 and 100.
Used by Refs. 69,71 and 73.
Using value of k; from Ref. 215, we get k; = lo.lxlO“
em3mo1~ls™!.  This point plotted.
3x1012 1285 DIXON-LEWIS and WILLIAMS 196738

Flame study. CH,(5.03%)/0,(19.942)/N, flames at 101.3 kPa
pressure. [OH] monitored by u.v. absorption spectroscopy.

Assuming reaction 1 to be the dominant path for OH removal,
authors obtained the quoted rate constant, rejecting any
contribution from reaction 8 under 02 rich conditions and also
the slower reaction 9.

H + CH, —» CHy + H, (8)
0 + CHy CH3+OH (9)
Quoted by Refs. 40,52,53,67,72,100,153 and 163.
Used by Refs. 48,69,71,73 and 218.
Taking k6 from Ref. 31 and combining their value with those of
Refs. 17,25,37 and 54, authors obtain kl = 2.6xl.013exp(—2600/'1‘)
emImo1~ts™1,
5.3x109 301 GREINER 196741

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Flash phocolysis of H20(17;)/Ar mixtures in the presence of
CH,. Total pressure 2.67~13.3 kPa. [OH] menitored by u.v.
absorption spectroscopy at 306.4 nm.

Because [CH4]>>[0H], the effect of reaction 10 was assumed
to be insignificant.

OH + OH —» H,0 + 0 (10)
Quoted by Refs. 42,45,57,58,63,68,72,76,106 and 153.
Used by Refs. 69,71 and 73.
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OH + CH4 - CH3 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cm3mol—ls-l /K Reference and Comments
5.0x1013exp(~2500/T) 298-423  HORNE and NORRISH 196743

Flash photolysis of H,0(Z.5%)/Ar mixtures at total pressure
of 41.1 kPa. Trace amounts of CH, added. [OB] monitored by
u.v. absorption specxzroscopy at 309 nm.

Effect of OH recombination allowed for using an overall rate
constant for OH decay determined in the same study. Authors
admit to large error in kl as few experiments carried out.

OH + CH, — CH3 + Hy0 (1)
Quoted by Refs. 57,67,71,72,117,163 and 251.
Used by Ref., 69.
6.6x108 298 SUZUKI and MORTNAGA 196747

Static system. Discharge through CH4(15-20%)/02(30~—100%)/At
or He mixecures at a ctocal pressure of 33.3 kPa, (OH] nonitoured
by u.v. emission spectroscopy at 307 om.

Addition of HCHO found to have no effect on the rate of [OH]
decay and su authors concluded reaction 1 was the only onc
removing CHZ‘. No attempt was made, however, to consider
removal of OH at the vessel wall.

6.5x10% 300 WILSON and WESTENBERG 196774

Discharge flow system. H2(1~2%)/Ar mixtures at 100~-180 Pa
total presgure. OH produced by H + NOZ titration, CH,,’ added
downstream so that {CH,]>>[OH]. [H] and [OH] monitored by
2eSeTy SPRCLYOSCOPY.

Mass-spectrometric analysis of the reaction products led the
authors to believe that OH reacts further with CH, as well as
decaying through the fast reaction 10,

OH + OR i H20 + 0 (10)
Three separate mechanisms were postulated, giving
stoichiometries for OH ranging from 2 to 4. Taking kIO from
Ref. 27, a value of kI was obtained by averaging the results
from each mechanism. Taking ke from Ref, 27 and combining
their data with those of Refs. 11,14,16,17,25 and 37, they give
k, = 2.9x1013exp(—2500/T) emmol~1s™! gver the temperature
range 300-2000 K,
This expression recommended in Ref. 202.
Quoted by Refs. 38,41,46,49,52,53,59,62,63,66,67,68,81,84,100
117,123,153,163,189 and 251.
Used by Refs. 48,69,71,73 and 159.
El quoted by Ref, 75,

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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BAULCH ET AL.

OH + CH‘ — CH3 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cm3m01°ls“l /K Reference and Comments
- 773-873 GATLLARD-CUSIN and JAMES 196958
Static system. CO/CH, mixtures in the range 20:1 - 1000:1
in the presence of 02. No further details given.
Authors state experiments carried out at "high pressures”.
They obtained kl/k6 = 80 at 773 K and taking ke from Ref. 32,
gave l.9x1013<k1<2.4x1013 em3mo1™1s"! over the temperature
range 773-805 K.
CO + OH - CO, +'H (6)
Using our value of kg(Vol. 3, p. 203) we obtain ky = l1.x10l3
emdmo1™ts™1 ar 773 K. Not plotted on Arrhenius diagram.
- 734~798 HOARE and PATEL 19692
Static system. 'CHa(7.1-31.9%)/62H6(0~16.8%)/CZH4(0—
lS;l%)/Oz mixturess Total pressures 9.33-24.7 kPas {co],
{cu,l, [0,], [CyHl, [CO,1, [Hy0), [CyH,] analysed by gas
chromatography.
Rate congtant ratioe obtained k“/kl - 10.4(734 K),
10.0(773 K), 12.0 (798 K).
OH + CH, = CHq + Hy0 (n
OH + CZHG oo C2H5 + H20 (11)
Also kyp/k; = 7.4(734 X), 5.8(748 K), 4.9(773 K) and
4.3(798 K)» From these results, authors gave Ej-E;, = 33.6 kJ
mol™! (8 kecal mo1™h).
OH + CyH, — products (12)
Quoted by Ref. 72.
1.46x10° 298 SERAUSKAS and KELLER 1969%%
Discharge flow system. OH from H + RO, titration. Reaction
followed mass spectrometrically. No further details.
Quoted by Ref. 153.
- 1750-2000  WILSON, O'DONOVAN and FRISTROM 196997

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Flame study. CH4(8.92%)/02 flames at 5.05 kPa pressure.
fcH,1, [col, {CO,], [H,0] monitored by mass spectrometry.

[CH] profiles computed using reaction 6, taking kg from
Ref. 27,

C0+0H——>coz+n (6)

Rate constant ratio kl/k6 = 20-25 derived over given
temperature range but no attempt made to derive kl' Using our
expression for kﬁ(Vol. 3, pe 203), we obtain kl = (6.4-
9.3)x1012 cm3mo1™ls7! ar 1875 K.
Quoted by Refs. 73 and 100.
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OH 4+ CH, - CH3 + H,0

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 ] -] Reference and Comments
k/cm'mol” s T/K
- 773 BALDWIN, HOPKINS, NORRIS and WALKER 1970°7

Static system. Hz(1A—&BZ)/OZO-7171)/CH1‘(<12)/N2 mixtures at
33.3 or 66.7 kPa pressure. {C0,] determined by gas
chromatography.

Experimental method the same as in previous work.37 Authors
obtain ky/ky = 1.1 at 773 K. Taking ky from Ref. 27 they give
ky = 8.5x101! cmdmo1~ls™L, Combining this value with those in
Refs. 11,14,38,41 and 54 they obtain k; = 2.08x10!3exp(-2450/T)
cm3mo1™ls™! over the temperature range 300-2000 K.

Hy + OB —» H,0 + H (¢
Quoted by Refs. 68,80,89,91,191 and 231.
Used by Refs. 29 and 153,
Using value of k; from Ref. 215 we get k; = 4.5xl0l!
emmol *s™Y.. This point plotted.
5.86x10% 296 GREINER 197070
9.26x10° 333 Flash photolysis  of Hzo(lZ)IAr mixtures in the presence of
2.12x1010 370 CH, at 45.5,.Pa~12.98 kPa pressure. [OH] monitored by u.v.
3.68x1010 424 absorption spectroscopy at 306.4 nm.
7.29x1010 493 Method the same as in earlier work.*! Author uses data to
7.08x1010 498 derive expression k; = 3.31x10'2exp(-1898/1) cm’mo1™ls™l.
OH + CHj = CHy + H,0 (¢))
An attempt was made rO apply transition state theory to the
reaction and excellent agreement was obtained.
Quoted by Refs. 82,89,99,100,105,108,116,117,119,121,126,131,
133,145,153,156,157,162,163,189 and 251,
Used by ‘Refs. 130,168,188 and 250,
E; quoted by Refs. 75.and 95.
6.3x1012exp(-2520/T) All BAKER, BALDWIN and WALKER 197177

Theoretical value obtained from transition state theory.
Incorrect expression used.in Ref. 112.

- 548 SIMONAITIS, HEICKLEN, MAGUIRE and BERNHEIM 197184

Static photolysis system. Hg-photosencitised decomposition
of N20 in the presence of CQ(‘O—Z&.SZ)/CHA(1.2—88.51) mixtures
at total pressures of 17.76-109.6 kPa. [cO], [CO,], (N,1,
[Hy1, [0,] analysed by gas chramatography.

Under: 'the conditions ‘chosen, Co2 is also produced by
reaction 13 and only an:estimate. of the ratio kl/ks = l.0 could

be made.

J. Phys. Chem. Ref. Data, Vol 15, No. 2, 1986
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BAULCH ET AL.

OH + CH4 hand CH3 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature .
3 1 -1 ) Reference and Comments
k/em’mol” s T/K
CO + OH —» CO, + H (6)
CO+ O + M —» COy + M {13)
Due to the large scatter in their results, the authors place
little reliance on this ratio. Using our exression for kg(Vol,
3, p. 203), we obtain k; = 1.11x10'} em’mo1~ls™l.
Quoted by Refs. 89 ancd 105.
- - BALDWIN and WALKER 197392
Theoretical determination of the activation energy of E,
using the reaction exothermicity. Authors obtain E; = 13.4 «J
mo1~} (3.2 keal mol'i) lower than most experimental values.
- 443663 BAULCE, DRYSDALE, DIN and RICHARDSON 1973%6
Static photolysis system. Photolysis of H,0(2,39-3.59 kPa)
at 184.9 nm in the presence of CO/CHA mixtures. [COz]
determined by gas chromatography.
Suppression of lCOZJ by addition of CHA to ‘H20/CO mixtures
measured, hence obtaining the rate constant ratio kl/kﬁ =
0.39(443 K), 0.52(521 X), 0.89(553 K) and 1.70(663 K). Using
our own expression for K6(V01. 3, p. 203), we obtain ky =
3.94x1010¢443 ®), 5.64x1019¢521 K), 9.94x1010(553 x) and
2.10x101! em3mo171s™! at 663 K, giving an overall expression k;
= 6.lx1012exp(—2230/T) em3mo1 s,
6.03x 101 3exp(~3000/T) Flame CORDETIRO 1973°7
Temperatures Theoretical estimate obtained from computer simulation of
premixed CH,/0, flames.
Expression based on those in Refs. 48,92 and 107 and
modified to fit a 28 reaction echeme.
7.23x108 230 DAVIS 197398599
9.10x108 240 Flash phorolysis nf H,0(C1.S%)/CR,(1-4.52)/He mixtures of
4.34x10% 298 total pressures of 2.67-13.3 kPa. [OH] monitored by resonance
1.42¢1010 373 fluorescence at 307 nm.

J. Phys. Chem. Ref, Data, Vol. 15, No. 2, 1986

A sapphire window was used on the flash lamp with a cut off

at about 141 nm to prevent photolysis of CHA. Author derives

preliminary expression kl = l.SXlDIZexp(—167O/T) <:\'n3mczl-lsn1
over the temperature range 240-370 K.
OH + CH, —» CHy + Hy0 (1)
Data used in Ref. 119. The expression kl = l.SxIOIZexp
1

(-1160/T) em3mo1l™!s™! is attributed to this source in Ref. 115.
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OH + CH4 -3 CHg + H20

EXPERIMENTAL DATA - CONTINUED

Rajte3ConEtl:ai1§ Temp'erature Reference and Comments
k/co’mol s T/X
1.67x1012 1090 PRETERS and MAHNEN 1973107
1.50x10'2 1145 pEETERS 1974122
1.90x10%2 1190 Flame study. CHA(9.SZ)/02 flames at a total pressure of
2.20x1012 1242 5.33 kPa. [CH,1, [H,01, [0,1. [0}, [CO,l, (CB,0], [CH,],
2.54x1012 1281 (ciq0,], [cuq0u), (0], (0H], [H,], [H], [HO,] determined by
2.49x104% 1330 mass spectrometry.
2.70:41012 1372 Rate constants calculated from the rate of disappearance of
2.96x1012 1415 CH,. Under the prevailing conditions, reaction 8 was believed
3.38x1012 1446 to be insignificant while a value of k9 was taken from Ref. 60.
4.61x1012 1485 H+ CH, —> Cl, + H, (8)
5.20x10%2 1510 0 + CH, —» CHy + OH (9
5.43x1012 1542 Authors derived an overall expression k) = 3x1013exp(~3OOO/T)
5.47x1012 1595 em?mol”!s™! over the temperature range 1100-1900 K.
5.44x1012 1664 Quoted by xefs. 97,119,120,134,153,163 and 208.
5.15x10'2 1683 Used by Refs. 166,180 and 218.
4.98x1012 1717
4.48x1012 1750
4.38x1012 1817
4.28x10!2 1856
1.11x10° 240 DAVIS, FISCHER and SCHIFF 1974117
2.981(109 276 Flash photolysis of H20(<1%)/He mixtures with added
4.39x10° 298 CH4(<SZ). Total pressures 4.00-53.3 kPa. |OH| monitored by
1.42x1010 373 resonance fluorescence at 307 nm.
Extension of earlier work®? to higher pressures. Authors
derive expression k| = béleolgexp{—ITIOfT) em?mo1~'s™! over
the temperature range 240~373 K.
Quoted by Refs. 114,116,121,138,144,156,161,163,189 and 251.
Used by Refs. 146,193,194,204,209,218 and 250,
Recommended by Ref. 134, E, quoted by Refs. 152,158 and 177.
4.28x107 290 MARGITAN, KAUFMAN and ANDERSON 1974121
1.26x10%0 357 Discharge flow system. HZ/Ar mixtures at total pressures of
1.87x10%0 380 400-1330 Pa. OH produced by H + NO, titration. CH, added
2.47x1010 405 dounstream at 3-20 Pa pressure so rhat [CH,1>>[0H]. [OH]
3.07x1010 440 monitored by resonance fluorescence at 309 nm.

Authors derive expression ky = 2.31x10129xp(—18A0/T) ca?
mn1_1g'1 but note that activation energy may not be constant
over this temperature range.

OH + CH, —» CHy + Hy0 (13
Quoted by Refs. 136,146,189 and 251.
E; quoted by Ref. 158.

Used by Refs., 169,155 and 218.
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BAULCH ET AL.

()H +‘(“*4'—9 c'*g +"{2()

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cmBmol_ls"l /K Reference and Comments
3.1x10  2exp(-1900/T) 300-500 BENSON 1975128
Theoretical value derived from transition state theory.
Based on the value of SO(CH30H) calculated earlier in the same
study.
1.6x1010 381 GORDON and MULAC 1975133
3.3x1010 416 Pulse radiolysis of H,0 at 101.3 kPa pressure in the
presence of CH,(3.33-20 kPa). [OH] monitored by u.v.
absorption spectroscopy at 308.7 nm.
Quoted by Refs. 128,134 and 251.
- 653 HUCKNALL, BOOTH and SAMPSON 1975135
Static system. OH produced by H202 decomposition in
H202(3.332)/02(202)/N2 mixtures., CZHG/CHA mixtures (l:1, 1:3,
1:9) added in trace amounts (<1%). Total pressure 40 kPa.
Experiments performed in boric acid coated vessels. ICH4],
[C2H6], [CoH,] determined by gas chromatography. [HZO?.] by
permanganate titratien.
From the data on consumption of CH, and CZH(:’ authors
obtained the ratic k;y/k; = 9.6 at 653 K.
CH + CypHg —» CoHg + Hy0 (1D)
3.92x10% 295 UVEREND, PARASKEVOPOULUS and CVETANOVIC 1975138
Flash photolysis of H,0(about 0.5%)/He mixtures at 66.7 kPa
pressure in the presence of CH4(0-51.5 kPa). [OH] monitored.by
u.v. absorption spectroscopy.
Results confirmed using flash photolysis of NZO in cthe
presence of HZ to produce OH,
My0 + hv — ¥y + 0(1D)
Hy + 0(!D) —» H + On
A computer simulation showed the only cowmpeting reaction to be
reaction 14. Authore agsumed kl4 = gas kineties collision
frequency, possibly accounting for slightly low value of k.
OH + CHy — products (14)
Quoted by Refs. 134,182,189,225,247 and 251.
Preliminary value k1 = s.0x10° t::r|13mol—ls_1 quoted in Ref. 119.
2.8x10122xp(~1900/T) 300-480 STEINERT and ZELLNER 1975142

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Flash photolysis of H20(1-2%)/He mixtures at total pressures
of 1.33-3.33 kPa in the presence of trace amounts of CH,. [OH)
monitored by u.v. absorption spectroscopy at 308.2 am.

Experiments extended to 700 K but above 480 K the value of

kl appeared to increase more rapidly than described by the
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OH + CH, — CH; + H,0

EXPERIMENTAL DATA - conTINuED

Rate Constant Temperature _ .
3 -1 -1 Keference and Comments
k/cm’mol™ s T/K

Arrhenius expression. After a correction had been made for the
effect of reaction 14 (assuming k), = 1083 endwor ™! at 700K)
extrapolation of the high temperature results to flame

temperatures gave good agreement with the results of Peeters

and Mahnen,m7 suggesting non—-Arrhenius behaviour.
OH + CHy —> products (14)
OH + CH, — CHy + Hy0 (1)
Used by Ref. 250.
1.34x1012 1300 BRADLEY, CAPEY, FAIR and PRITCHARD 1976149

Shock tube study. H202(abouc 0.1%)/Ar mixtures at about 15
kPa pressure in the presence of CHA at 3.86-30.0 Pa pressure.
Incident shocks. [OH] monitored by u.v. absorption
spectroscopy at 309.2 nm.

Shock tube coated by epoxy resin to avold catalytic
decomposition of Hy0p. Temperature of 1300 K chosen as being
most convenient tor measurement of [QH). A 28 reaction
mechanism was formulated and a computer fit made to give the
quoted value of kl‘ Because of the assumptions necessary
regarding the facte of OH and ﬂzoz the authors do not considex
this value to be at all accurate, preferring the ratio
kgikygikytkytky otk = 0.18:0.19:0.59:1.00:2.33:2.88 obtained

in the same study using other substrates.

€O + OH —= €0, + H (6)

OH + GyHg —» Cylg + Hy0 (11)

OH + CyH, —» products (12}

OK + CF4H — CFy + Hy0 (15)

Using our value of kg(Vol. 3, p. 203), we obtain ky = 1.22x1012
em3ma1™le™l dicing RalAwin and Walker's valne of k215 ue

obtain k; = 3.3x10'2 emdmor"ts™l,

4.58x10° 298 COX, DERWENT and HOLT 1976150
COX, DERWENT, HOLT and KERR 197613}

Photolysis flow system. HN02(<0.017.)/N2'(662)/02 mixtures at
101.3 kPa pressure contalning trace quantities of NO and NO,,
photolysed at 330-380 nm. CH_4 added in large excess
([cH,):THNO,] = 20:1-2x10%:1). [NO,] determined by NO,
analyser; [CH30NO], [CH30NOZ], [CHAI by gas chromatography;
[HCHO] colorimetrically.

Authors took 20-step mechanism and assuming [OH] reduced
only slightly on addition of CH, obtained le/kl = 906 from a
complex kinetic analysis of the product yield data.

OH + HNO, — NO, + H,0 (16)

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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BAULCH ET AL.

OH + CH4 i d CHg + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cm3mol'ls'1 /K Reference and Comments
Using their own value of k,¢/ky determined earlier in the same
study, they obtained k) /k; = 1.04 at 298 K. They used a
consensus value for k7, slightly higher than our evaluation to
give the quoted value of kj.
H2+0H-—>H20+H (7)
Quoted by Ref. 197.
4.5x101&exp(-4400/T] 780-1200 EBERIUS, HOYERMANN and WAGNER, quoted by ZELLNER and STEINERT
1976163
No details available.
5.7x107 296 HOWARD and EVENSON 1976156
Discharge flow system. Hz/He mixtures at total pressures of
107-1300 Pa, OH radicals being produced by H + NO, titration.
CH, added downstream at <8% of total pressure. [OH] monitored
by laser magnetic resonance spectroscopy.
Very low concentrations of [OH] obtained (about 10715 or
10_14 mol cm'3). Authors also derive the theoretical
expression k, = leolzexp(~1700/'l‘) em3mo1~s~! from BEBO theory
and from the measurements of Refs. 117 and 121.
Quoted by Refs. 146,163,222 and 251.
Used by Ref. 210.
5.3x10% 298 ZELLNER and STEINERT 1976163
8.9):109 330 Flash photolysis of H20(1.79~1002)/He mixtures at 18.7 Pa~
1.2x1010 358 4.18 kPa pressure, in the presence of CH,(28.0 Pa-5.24 kPa).
1.7x1010 381 {OH] monitored by u.v. absaorption spectroscopy at 308.2 nm.
3.7x1010 444 Extension of work in Ref. 142, He added to photolysis cell
4.2x1010 453 above 381 K to suppress flash heating. A 7~step reaction
6.8x1010 498 mechanism was chosen and from a computer fit the authors
1.05x10ll 525 concluded that only reactions 1 and 14 were important in OH
1.55x1011 564 removal. Values of k; were obtained using the author's own
1.51x1011 576 value of k;, = 2x1013 cmamol"ls'l, determined in the same
1.66x1011 584 study. A strongly curved Arrhenius plot was obtained and they
2.02x10!1 622 derived the expression k; = 3.47x10373-08exp(~1010/T) cn’
3.32x101! 629 mol s over the temperature range 300-900 K.
4.95x1011 671 OH + CH, — CHy + Hy0 1)
5.00x10!! 680 OH + CHy — products (14)
6.76x1011 738 Used by Refs. 188,190,207,218,227,228,242 and 243.
7.31x101! 756 Curvature of Arrhenius plot cited by Refs. 140 and 226.
9.11x101} 776 E, quoted by Refs, 189,199 and 251.
1.63x1012 892

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CHq - CHa + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -1.~1 Reference and Comments

k/em”mol " s T/K
2.12x1012 1140 ERNST, WAGNER, and ZELLNER 1978196
2.12x1012 1160 Combined flash photolysis~shock tube study. Ar/HZO(about
2.18x1012 1165 0.5%) mixtures at a total pressure of about 40 kPa containing
2.09){1012 1188 0.6=16% CH,. Reflected shock. [OH] monitored by resonance
1.95x1012 1192 absorption at 308 nm.
l.97x1012 1203 Absorption by OH found not to obey Beer~Lambert law;
2.01x1012 1220 In{I /1) = e.¢e([OH].2)Y used. Calibration using partial
2,06x1012 1245 equilibrium OH concentrations in heated H,/0, mixtures gave
1.75x1012 1260 Y = 0.74 and € ;¢ = 1.6x10° cmzmol-l. Reaction 1 is only
1.86x1012 1260 reaction removing OH; first order kinetics obeyed.
1.82x10'2 1265
1.93x1012 1270
1.85¢1012 1270
1.91x1012 1275
1.86x1012 1275
1.90x1012 1303
1.80x1012 1313
1.65x1012 1335
1.53x1012 1404
2.23x1012 1410
1.77x1012 1415
1.52x1012 1500
1.35x1012 1505
4,2x10° 296 SWORSKI, HOCHANADEL and OGREN 1980240

Flash photolysis of NZ/CH4(16—97Z) mixtures saturated with
H,0, at a total pressure of 101 kPa. [CH3] monitored by
absorption at 216 nm.

[CH,] obtained using €(CHy) = 9x105 ¢m3mo1™! cn”! at a 0.6
nm band width. [CH3] profiles computer fitted to reaction
scheme.

HyO + DV~ H + OH

OH + CH; =——# CHy + Hy0 (1)

H + CH, —» CH,y + H, (8)

OH + OH =i H20 + 0 (10)

OH + CHy —> products (14)

H+ H+M—>H +H4 a7
0H+0H+M—>H202+M (18)
OH + H + M —» Hy0 + M (19)
CHy + CHy + M — C,H, + M (20)
W+ CHy + M —» CH, +M (21)

J. Phys. Chem. Ref. Data, Val. 15, No. 2, 1986
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BAULCH ET AL.

OH + CH4 — CH; + H,0

EXPERIMENTAL DATA - CONTINUED

Reference and Comments

Rate Constant Temperature
k/em’me1~s™! T/X
4.51x10° 298
2.84x1010 298
4.87x1040 448
8.73x1010 511
1.01x101! 529
1.89x10t! 600
1.66x10%1 619
3.48x1011 696
5.06x101! 772
9.03x101! 915
1.20x1012 1020
4.61x10° 300
3.35x10? 269
4.75x10% 297
1.07x1019 339
2,09x1010 389
3.30x1010 419
6.14x1010 473

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Values of kg, kg, X7, kig, kyg and k,, assumed, values of k;,
Kj4s kgp obtained. Sensitivity to assumed values tested and
incorporated in error limits of + 10%.

Used by Ref. 236.

TULLY and RAVISHANKARA 1980241

Flaeh photnlyeis af Av(h.7 kPa)/Cﬂa(O-G-ll kPa)/nZo(2o Pa)
mixtures. ([OH] monitored by resonance fluorescence and photon
counting.

Static system. First order decay af OH. Authars dervive
expression kl = 7.95x106T1‘32exp(~1355/T) crnsmol_ls'l which is
barely distinguishable from the expression suggested by
Zellner.229
Quoted by Ref. 251.
Used by Ref. 250.

HUSAIN, PLANE and SLATER 1981243

Flash photolysis study. [OH] monitored by time-resolved
resonance fluorescence at 307 nm. OH radicals generated by
vacuum u.v. photolysis of water vapour in He/CH4 mixture at a
total pressure of about 3.2 kPa. Flow system, kinetically
equivalent to a static system used.

Using observed first-order rate coefficients for decay of
OH, the absolute second-order rate constant k; was determined.
Variation of [H20] by a factor of 5 did not significantly
affect k. Reactions of OH with both CH, and CO were
investigated in order to test the kinetic system. Experimental
rate constants in good agreement with those given in Refs. 117
and 230.

JEONG and KAUFMAN 1981271

Discharge flow system. [OH] momnitored by resonance
fluorescence. Experiments carried out under pseudo-first—order
conditions [RH]>>[OH].

Two Arrhenius expressions derived, k; = 3.37x1012exp
(-1970/T) cn’mo1™!s™! and k; = 3.77x10872:00exp(-1260/T)

emmol~ts™ L, Fitting procedure used to give latter expression
faulty. Later corrected to k; = 0.77T4’32exp(—455/T)
emdmol~1g™1, 254

Used by Ref., 230.
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OH + CH, — CH; + H,0

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/em’mol s T/K
9.1x1077% * 3exp(~1370/T) 300-2000 COHEN 1982290
Theoretical expression derived using transition state theory
and experimental data of Refs. 70,117,142,241 and 251.
- 413-693 BAULCH, CRAVEN, DIN, DRYSDALE, GRANT, RICHARDSON, WALKER and

WATLING 1983233

Static photolysis system. Photolysis of H20(2.85—12.6 kPa)
at 184.% nm in the presence of CO/CH, mixtures. [COZ]
determined by gas chromatography.

Extension of previous work.96 Obtained rate constant:

ratios, k;/kg = 0.24(413 K), 0.34(417 K), 0-22(422 K),
0.46(471 K), 0.55(505 K), 0.58(517 K), 0.61(546 K), 1.38(603 K)
2.80(693 K).

C0+OH-—-’~C02+H (6)
Using our expression for k¢ {Vol, 3, p. 206) we obtain ky
%1071 /em3no17 s = 0.236(413 K), 0.334(417 K), 0.222(¢422 K),
0.477¢471 K), 0.391(303 K}, 0.623(517 K), 0.675(546 K),
1.61(603 K), 3.55(693 K).

REVIEW ARTICLES

1-2x1013 1750 FENIMORE 196423
Consensus value. Value based on k.llk6 ratios from Refs. 11
and 14, comhined with anuthor's own value for k¢ evaluated in
the same work. Author suspects that El as determined in
Ref. 11 is probably too high.

OH + GH, —» CHy + H,0 (1)
CO + OH —= €O, + H (6)
5.0x10! exp(-5000/T) 300-2500 FRISTROM and WESTENBERG 196528

Evaluation., Based on data from Refs. 3,11 and l4. Also
reported are the results of Pratt” (considered too low) and
the ratio given by Hoare.lf’
Quoted by Refs. 35,43 and 69.

Used by Ref. 47.
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2000 1000
14,0 ,

BAULCH ET AL.

OH + CH4——> CH3 + Hzo

T/K

500 300 250

200

\

15.0 RN

12.0 =

11.0 -

Los(k/comis™d)

10.0 +

9.0

REVIEW ARTICLES

o ~—— Fristrom and Westenberg 196528
—— —— Schofield 196748

—  —— MWilson 1967, 197252,92
————— Prysdale and Lloyd 197059

~— v — — Kondratiev 197071

= Garvin 1973}01

f———— Bowman 1974111

------------- Garvin and Hampson 1974,1975,1977,1980119,134,174,235

— 1 Engelman 1976153

Tsuboi 1976160

- NASA 1977,1979,1981,1982183,224,246,252

e e RotH 2nd Just 1977185
Jensen and Jones 1978202
shaw 1978211
- Baulch et al, 1980,19822305219
Cohen 1982250

e This evaluation
Also Zeliner 1972229

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CH, — CH; + H,0

REVIEW ARTICLES = CONTINUED

Rate Constant
k/emomo1 ls™!

Temperature

T/K

Reference and Comments

ol3

7.2x10"exp(~2970/T)

2.8x103exp(~2500/T)

2.9x10 3 exp(~2500/T)

7.94x10 3exp(~2910/7)

300~-1830

300~2000

300~-3000

300-1800

SCHOFIELD 19 67“‘ﬂ

Evaluation. Least-squares fit based on data from Refs. 11,
14,20,25,33,34,38,54. Also quotes Ref. 3 but notes criticism
of 50 discharge method by Kaufman et al.]‘3
Quoted by Refs. 61,113,146,153 and 202.

Used by Ref. 179.

WILSON 19679253

Suggested value. Quotes Refs. 20,35,38,41 and 54, The
expression k; flg = S.6x10 2axp(2200¢0.0033-1" 1)) derived using
the ratio kl/kb from Refs. 11,14 and 37. The quoted expression
for k; obtained from the expressions for kl/k6 and kg
{evaluated in the same study). The intermediate temperature
work of Hoare33»34 is rejected on the grounds of high [H02] in
his system.

CO + OH —» €0, + H (6)

Quoted by Ref. 153,
Used by Ref. 195.

KAUFMAN 196953
Review of elementary gas reactions. Quotes Refs. 41,54 and

57. Also mentions the ratios determined in Ref. 62.

DRYSDALE and LLOYD 1970%°

Evaluation. Based on data from Refs. 37,38,41,45,52,54 and
65. Also quoted are Refs, 3 and 17 but authors note criticism
of H,0 discharge method by Kaufman et a1.13
Quoted by Refs. 88,100 and 124.
Used by Ref. 153.
Misquoted by Refs. 83 and 102,

KONDRATIEY 197071

Evaluation. Least-squares fit to data of Refs. 11,14,20,37,
38,41 and 54. Also quoted are Refs. 1,3,16,17,25,33 and 45.
Notes doubts ot Steacie’ that the activation energy E; given in
Ref. 1 may not be accurate.
Quoted by Refs. 90,153,202 and 216.
Used by Ref. 173.
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OH + CH; — CH; + H,0

REVIEW ARTICLES - coNTINUED

Rate Constant Temperature

1

ke mol ts” TI%

Reference and Comments

(1.08+0.38)x101%exp(~2980/T)  300-1800

6.6x107 298
2.8x10 3exp(-2500/T) 300-2000
2.9x1013exp(-2500/T) 300-2000

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

SINGH and SAWYER 197073

Evaluation. Least-squares fit to data of Refs. 11,14,37,38,
41 and 54. The expression is suspect and is not plotted
because the value of ky calculated using k;/kyg from Ref. 37,

and ké from Ref. 56 is in error by one order of wmagnitude.

OH + CH, —» CHy + H,0 (1}
CO + OH -+ (O, + H (6)
Author also misquotes but does not use Ref. 3, noting the

21

objection of Kaufman et al. to the source of OH used and

quotes but does not use the ratio ky/k¢ from Ref. 65.

WILSON 197077

Review of activation energies of OH radical reactions.
Quotes Refs. 11,54 and 70. Author notes steady reduction in
value of El with progressively more recent determinations.
Suggests possible non—-Arrhenius behaviour to explain
discrepancies between values measured at high and low

temperatures.

ZAFONTE 197070
Preferred value. Quotes Refs. 3,54 and 70. Notes that
results from Ref. 3 may be suspect due to use of discharge in

HZO as OH source. Preferred value is that of Greiner.7o

CAMPBELL and BAULCH 197287

Review of atomic and bimolecular reactions. Quotes general
expression determined by Baker et al.66 Also refers to work in
Refo. 69 and 70.

wILsoN 1972%2

Evaluation. Updating of Refs. 87 and 53, Aunthar also
recommends the ratio ky/kg = 92 exp(2200/T) between 300-2000 K.
Quoted by Refs. 86,97,101,116,117,118,119,125,132,134,138,139
146 and 152.
Used by Refs. 104,153,159,187,201 and 217.

GARVIN 1973101

Recommended expression. Expression is taken from Ref. 92.
Recommendation superseded by Refs. 119 and 134.
Quoted by Ref. 141,
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OH + CH4 hcd CH3 + Hzo

REVIEW ARTICLES =~ cCONTINUED

Rate Constant Temperature
3 -] -l Reference and Comments
k/em’mol s T/K
- 443-923 BAULCH and DRYSDALE 1974110
Review of rate data for the €O + OH reaction. Quotes kllkﬁ
from Refs. 25,33,58,84 and 96. Good agreement noted between
thooe ratiocs and those derived from the work of Creiner.’C No
attempt made to deduce k; or kg from these ratios.
OH + CH, — CHqy + H,0 )
CO + OH —» CO, + H (6)
6x1014exp(~6290/T) 1875-2240  BOWMAN 1974111
Evaluation for use in the high temperature CHI'/OZ reactinn.
¥o further details given.
Quoted by Refs. 129 and 137.
Used by Refs. 165,167 and 212.
- - DAVIS 1974116
Review of OH reactions in the atmosphere. Quotes Refs, 92
and 117. HNotes the work of Greiner’? not reviewed by Hilson92
and points out that the activation energy is probably lower
than the 21 kJ mol”! (5 keal mol™)) given by the latter.
1.77x1012exp(~1770/T) 240-370 GARVIN and HAMPSON 1974119
Recommended expression. Expression calculated from data by
Davis.®? Also quoted are Refs. 70,92 and 107, and preliminary
work by Paraskevopoulos. Recommendation superceded by Ref. 134.
Quoted by Refs. 103,116,143 and 153,
1.42x10 2 exp(-1710/T) 240-373 HAMPSON and GARVIN 1975!34
Recommended expression is that of pavis.l17 Also quoted are
Refs. 70,92,107,133 and 138. Updates earlier work.“9
Used by Refs. 154,170,171,175,186,200,203,213 and 221.
Quoted by Ref. 202.
E, quoted by Ref. 177. Recommended by Ref. 183.
- - KAUFMAN 1975136
Review of hydrogen chemistry in the atmosphere. Quotes
Refs. 70 and 121; also the activation energy E, given by
Wilson.92
4.5x10° 298 ANDERSON 1976140

Selected value for use in atmospheric studies is that of
Davis.!}? Also quotes Refs. 48,92,121 and 156. Criteria for

selection not given.
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OH + CH, — CH; + H,0

REVIEW ARTICLES - cONTINUED

Rate Constant
k/emdmo1"Le™

Temperature

Reference and Comments
T/K

3.1x101 3exp(~2500/T)

2.5x1013exp(-2500/T)

1.42x10 2exp(~1710/T)

2.8x10! 3exp(~2500/T)

1.42x102exp(-1710/T)

3x1013exp(-2500/1)

1500-2500  ENGELMAN 1976133
Evaluation. Based on data of Refs. 67,69 and 92. Also
listed are Refs. 3,11,14,20,26,35,38,41,48,52,54,64,70,71,107
and 119, No details given as to how evaluation was arrived at.
Quoted by Ref. 164.

- KERR 1976157
70

Review of H atom transfer reactions. Quotes Greiner.
300-2000 TsuBo1 1976160
Evaluation for use in the CH,/0, system at high
temperatures.

Used in modeling shock tube studies of CH4/02/Ar mixtures.
Based on work in Refs. 11,14,21,22,25,38 and 54.

240-373  HAMPSON and GARVIN 1977174
Recommended value is that of Davis.!l
Refs. 70,107,121,133 and 138.
Used by Ref. 239,

7 Considers also

1500-2250  ROTH and JUST 1977183
Review. Used in shock tube study of CH,/N,0/Ar system.
Based on expressions in Refs. 67,107 and 112 in the temperature
range quoted, this expression gives values of ky 15-35% higher
than those given by the parent expressions.

240-373  Nasa 1977183
NasA 1979224
nASA 1981246

Evaluation. This 1s a continuing series of evaluations by

NASA Evaluation Panel. The value given by Davis“7 is accepted
over thce temperaturc rangce quoted in each of the evalustions.
Experimental results deviate from this expression at higher
temperatures.
Quotaed by Ref. 251.
Used by Refs. 178,192,198,205,206,220,223,232,234 and 244.

1000-3000  JENSEN and JONES 1978202
Recommended expression is that of Wilson.
Refs. 48,71 and 134.

54 Also quotes

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CH, — CH; + H,0

REVIEW ARTICLES - conTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/em’mol™ s T/K
8.5x108T%exp(~1485/T) 250-2000  SHaw 1978211
Evaluation subject to certain constraints of transition
state theory, Data better fitted using AC;‘;‘1E = 0 rather than
Acg* = constant. Uses datea of Refs, 11,14,20,25,33,37,328,45,
54,55,65,70,107,117,121,133,138,149,150,156 and 163.
- - ATKINEON, DARNALL, LLOYD, WINER, and PITTS 1979214
Review of kinetics of hydroxyl radical reactions with
organic compounds. No recommendation given. Lists work of
Rofe. 54,70,117,121,133,138,156 and 163.
Quoted by Ref. 219.
1.5x10872* 13exp(~1233/1) 250-2000 ZELLNER 1979229
Evaluation. Based on data from Refs. 20,38,67,70,107,117,
121,142,149 and 196, and data at 300 K from other unquoted
authors.
Used by Ref. 233.
1.42x10 2exp(~1710/T) 240-373 HAMPSON 1980233
Recommended value. Lists Refs. 70,107,117,121,133,138,150,
156,163,224 and 230. Accepts expression In Refs. 224 and 230.
1.42x1012exp(~1710/1) 200-300  CcopaTA 1 1980230
CODATA 2 1982249
Evaluation for atmospheric modeling. Value of Davis!l’
accepted for temperature range of interest in atmospheric
chemistry.
Quoted by Ref. 251,
- - WESTLEY 1981248
Compilation. Lists Refs. 107,117,121,133,138,142,150,151,156
and 163.
1.42x1012exp(-1710/T) 240-373 NASA 1982292
Evaluation. New data of Tully et a1.241 are in good
agreement with previously recommended expression.zzl"246
1.9x10°T2* 4exp(-1060/T) 300-2000  COHEN and WESTBERG 1983%5°

Evaluation. Based on data of Refs. 54,70,117,121,133,138,
149,151,156,163,196,241 and 251.
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OH + CH4 i cHg + Hzo

REVIEW ARTICLES - CONTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/em’mol™ s T/X
1.6x10872¢ Lexp(~1240/7) 300-2200  WARNATZ 198526

Evaluation. Considers data of Refs. 70,117,133,138,149,151,
156,196,240 and 241. Recommended expression is that of Tully

and Ravishankara. 241

ISOTOPIC REACTION 0D + CHy

4,8x10° 300 GREINER 1968°7

Flash photolysis of Dz() in the presence of 13.0 kPa CHye No
further details given.

Method reported to be the same as that used in other wc»rk.‘f|l
No isotope effect observed.

Yuoted by Refs. 63,69,72 and 1Ub.

ISOTOPIC REACTIONS OH + CDHz, CDoHo, CD3H anD CDy

2.2x10%0 (p1) 416 GORDON and MULAC 1975133

1.8x1010 (D2) 416 Pulse radiolysis of Hy0 at 101.3 kPa in the presence of CDH4
6.7x107 (D3) 416 (6.67-23.3 kPa}, CD,H, (6.67-26.7 kPa), CD3H (6.67-22.7 kPa) or
3.0x109 (D&) 416 CD4 (6.67-26.7 kPa). [OH] wmonitored by u.v. absorption

spectroscopy at 308.7 nm.
From the steady decrease in rate constant with increasing
deuterium content, the authors concluded that there is a marked

primary isotope effect.

OH + CDH3 —p= Products (D1)
OH + CDpH, —=# Products (b2)
OH + CDgH —» Products (D3)

OH + CD, == CBy + HDO (D4)
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OH + CH4 — CH3 -+ Hzo

ISOTOPIC REACTIONS

= CONTINUED

Rate Constant Temperature

k/emomol sl T/K

Reference and Comments

ISOTOPIC REACTION OH + 13cH,

- Unspecified

Static system.

RUST and STEVENS 1980238

OH from photolysis of H,0,(<1.0%) in the

presence of CH,{(<0.1%Z)/0,(about 3.5%) mixtures. made up to

total pressures of 80-90 kPa with He.

Samples irradiated by

filtered nigh pressure Hg lamp from 20-40 hours.

The carbon kinetic isotope effect, 12k/l?'k was calculated

from both the yield of photolytic oxidatiom products and yield

of €O, after combustion of unreacted CH,.

An average value of

12) /13 = 1,003 was measured.

Discussion

Hydroxyl radicals abstract hydrogen from alkanes ac-
cording to the general reaction (A}

OH + RH—R + H,0, (A)

where R is an alky] radical. This reaction is of fundamental
importance in hydrocarbon combustion systems where it is
generally accepted to constitute the principal attack on the
alkane molecule.!'*®% The reaction of OH with methane
has received the most attention, but many of the details dis-
cussed here with reference to reaction (1) are relevant to
other alkanes and will be referred to when considering their
reactions with OH:

OH + CII,—ClI, + H,0. (0

In addition, reaction (1) plays a significant role in at-
mospheric chemistry'® and in air pollution.""®¥3® It is there-
fore important that its rate constant be known accurately
over a wide temperature range. In recent times reaction (1)
has received added attention because sufficient good quality
data are now available to demonstrate that the rate constant
does not conform to a simple Arrhenius expression.

In combustion systems three possible alternatives to re-
action (1) have been considered for the removal of methane
in the presence of oxygen:

HO, + CH,—~CH, + H,0,, (2)
H + CH,—~CH, + H,, (8)
O + CH,—~CH, + OH. 9)

Of these, reaction (9) is slower than reaction (1) at all tem-
peratures; reaction (2) has received little study, but evidence
shows it to be too slow,”® while reaction (8}, of comparable
speed to reaction (1) at flame temperatures, is unimportant
in oxygen-rich conditions.

Until recently, reaction (1) had been investigated
mainly in the low- and high-temperature regions with little
data existing in between. New work, particularly that of Tul-
ly and Ravishankara,?*! has now bridged the gap.

-Below 500 K there is very good agreement among
the bulk of the low-temperature data, involving
flow  discharge?2346412L156251  flagh  photoly-
Sis,4l,45,70.9‘9.117,138,142,163,240,241,2&5 Static ph0t01y8i5,84 Sta‘ic
discharge,*® photolysis flow,'*>'*! and pulse radiolysis'*
methods. There are a few notable exceptions. We reject the
data of Avramenko,? who used a discharge through H,0O as
his source of OH. This has since been shown'® to produce H
and O atoms and molecular and radical species as well as
OH, which may lead to anomalies in the observed rate for
OH removal. Of the low values at room temperature we have
insufficient information to comment on the flow system of
Serauskas and Keller®* while we reject the data of Suzuki
and Morinaga,*® who made no attempt to correct for wall
loss of OH. Horne and Norrish*’ carried out very few experi-
ments and admit to the possibility of a large error in their
results.

In the remaining studies care was taken in discharge
flow work to reduce OH wall recombination to a minimum
by coating flow tube surfaces, and all of the flash photolysis
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studies used sufficiently low OH concentrations to ensure
first-order kinetics without interference from competitive
reactions. Steinert and Zellner'**'%* considered the fast re-
action (14) but concluded that the OH and CH, concentra-
tions were too low for it to have any significant effect:

OH + CH,—products. (14)

Many of the studies in the low-temperature region have
been made at or close to 298 K. On the basis of the absolute
rate measurements in Refs. 41, 54, 70, 99, 117, 121, 138, 156,
163,240, 241, 245, and 251 and a relative measurement from
Ref. 151 which are all in good agreement, we recommend a
value of

ky=47%10° cm*mol~'s™!

at 298 K with error limits of A log £ = +- 0.1.

It is clear from the data over the whole temperature
range that the Arrhenius plot is curved but over the restrict-
ed temperature range 230-500 K, the results can be fitted
within the experimental scatter to a simple Arrhenius
expression given by

ky = 3.4X 10" exp( — 1950/T) cm® mol~!s™",

with error limits of 4 40%. A number of recent evaluations
concerned with supplying data for atmospheric model-

ing!34183,230.235.249.252 recommend the expression,

ky=1.42X 10" exp( — 1710/T) cm® mol~! s,
for the range 240-373 K first suggested by Davis efal.}'” The
small differences between this and our recommended
expression merely reflect the effect of the curvature of the
Arrhenius plot for the different ranges of temperature to
which the two expressions apply.

There is less agreement among the high-temperature
data. A number of these results were obtained from CH,/0,
or air flames, in which determination of [OH] presents the
major problem. Fristrom'**® and Fenimore and Jones'! de-
termined concentration profiles for stable species from mass
spectrometry and then [OH] from the equilibrium in reac-
tion (6) assuming OH in equilibrium at the hot boundary.
We agree with Wilson* that this assumption is likely to be
incorrect and to lead to high values of k;; [OH] in the post-
flame cases of many flames has been found to be higher than
the equilibrium concentration. The value of Dixon-Lewis
and Williams,*® with {OH] monitored spectroscopically, is
more likely to be correct. Pratt’’ resolves the scatter on his
data by quoting an average k, at 1200 K to within an order of
magnitude.

Peeters and Mahnen'”-**2 also used mass spectrometry
to measure concentration profiles in a low-pressure CH,/0,
flame, but were able to monitor a much greater range of
species than previous workers, including atoms and radicals.
This increased amount of information provides a much bet-
ter basis for understanding the reaction mechanism and
hence to correct for minor pathways in competition with
reaction (1) for removal of OH and CH,. There is a fairly
large scatter in the results, refiecting the difficulty of such
measurements at these temperatures, but we feel that in es-
sence the results are reliable. They agree well with the more
recent shock-tube work of Ernst ez a/.,**® in which OH radi-
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cals were produced by flash photolysis rather than by using
the high temperatures generated by the shock wave as is
usual. The preparation of OH in this way makes the mea-
surement of &k, much more direct. The values of &, so ob-
tained over the range 1140-1505 K appear to decrease with
increase in temperature by about 35% over this range but
this is considered to be a measure of the experimental preci-
sion rather than indicative of a genuine negative temperature
coefficient.

There are two sets of direct determinations of k, cover-
ing the intermediate temperature range 1000 K > 7'> 500
K9324 and both extend to T < 500 K, where they agree well
with other measurements. Both employ flash photolysis.
The results from these studies are identical within experi-
mental error up to about 650 K but diverge slightly above
that temperature. We prefer the results of Tully and Ravi-
shankara,®! since they extrapolate extremely well to the
most reliable data at higher temperatures. This view is
shared by the senior author of the other study.??

A considerable number of data are available in the form
of ratc constant ratios, cspecially in the intcrmediate tem-
perature range,’%?5:33.3437.65.67.84.96,149.253 The reference re-
action has usually been (6) or (7):

CO 4+ OH—CO, + H, (6)
H, + OH—H,0 + H. 7

For values of k¢, we have used our own evaluation (Vol. 3, p.
203) but for k4, data which have been produced since our
original evalvation (Vol. 1, p. 77) suggest that £, would
better be fitted to a curved Arrhenius plot and we have used
the expression,

k, = 1.28X10°T"* exp( — 1480/7) cm®mol~'s™,

for the range 300-900 K as recommended by Baldwin and
Walker.2!

In the various studies of Baldwin et al.,*”*>% traces of
CH, were added to slowly reacting H,/O, mixtures. Thisis a
complex system but is now well understood and successive
refinements to the mechanism have brought the values of ,
calculated from the measurements of k,/k, into good agree-
ment with the more direct studies. Hoare et al. used two
systems to obtain values of k,/kg, a flow system producing
OH from H,0, decomposition,’®**>3* and a static thermal
system for CH, oxidation.?> Despite some mechanistic un-
certainties, the values of k; derived are in reasonable agree-
ment with other work at these temperatures, but appear to
give too large a temperature coefficient for k,. Values of k,/
k< were also obtained by Baulch et al. but using photolysis of
H,0 as the OH source. In this case the values of k, agree
closely with the work of Zellner and Steinert'®® and Tully
and Ravishankara,**! but slightly favoring the latter.

At high temperatures a shock tube study'“® gave values
of k,/k¢and k,/k,, and a flame study® gave an approximate
value of k,. At the temperature of the shock tube work (1300
K) values of k, derived from relative rate measurements
suffer from the added uncertainty in their reference rate con-
stants and it is not surprising that the values of &, derived
differ by a factor of more than 2; nevertheless, they are close
to other measurements in this region.
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The only other relative rate measurement considered is
that of Cox et al. at 298 K.'5®'! From the value of k,/k,
measured, a value of k, in good agreement with absolute data
at 298 K is obtained.

Values are also available for the ratios k,/ks, k,/k,y,
k,/k,,, and k,/k,s, but we make no use of them because of
lack of reliable data for the reference reactions:

OH + HCHO—H,0 + CHO, (3)
OH + C,Hs—C,H, + H,0, (11)
OH + C,H,—C,H, + H,0, (12)
OH + CF,H—CF, + H,0. (15)

From the experimental data it is clear that k, does not
follow a simple Arrhenius expression over a wide tempera-
ture range, although as mentioned earlier, a good fit can be
obtained over a limited range. Using all the data we have
indicated as reliable but giving particular weight to that of
Tully and Ravishankara®®' at intermediate temperatures
and that of Peeters and Mahnen,'%"'?? Ernst et l.,'®® and
Dixon-Lewis and Williams3® at high temperatures, we rec-
ommend

ky = 1.5X10°T> exp( — 1230/T) em® mol~™'s™",

over the temperature range 2302000 K, with ervor limits of
Alog k= -+ 0.1upto300K, increasing to an error in log &
of + 0.3 above 1000 K.

Rate of the Reverse Reaction

There are no experimental data available on the reverse
reaction ( — 1):

CH, + H,0—CH, + OH. (-1

Kondratiev?*”" and Skinner ef al.*! have calculated expres-
sions using data on reaction (1) and the equilibrium con-
stant.
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4. OH + C2H5 — C2H5 + H20

THERMODYNAMIC DATA

AHgg= 89,50 kJ mol™! (-21.39 keal mo1™))

RECOMMENDED RATE COMSTANT

1.4 x 101 3exp(~1340/T) emomol~1s™!
= 2,3 x 107 laxp(=1340/T) em>molecule ls™!
Temperature Range: 250~1200 X.

kg

Suggested Error Limits for Calculated Rate Constant:
Alog k = #0.1 at 300 K, rising to Alog k = +0.3 above 1000 K,
Rate Parameters: 1og{A/cm3mol“ls'1) = 13,15 +0.30
log(AlcmBmolecule"lsﬂl) = ~10.64 +0.30
E/J mol™! = 11 100 +2000

E/cal mol™} = 2 660 +500

EXPERIMENTAL DATA

Rate Conetant Temperature
3 -1 -1 Reference and Comments

k/em”mol™ s T/K
1.99x1010 338 AVRAMENKO and LORENTSO 19492
3.61x10!0 341 Discharge flow system. 100% H,0 at 293-573 Pa pressure.
9.34x1010 354 CoHg added downstream at ahout 0.5 Pa pressure. {OR] monitored
1.01x1011 357 by u.v. ahsorption spectroscopy.
1.54x1011 361 Source of OH now known to be suspect.m’15 H and O atoms
1.51x1011 365 are also produced in the discharge, giving rise to secondary
7.83x1010 367 reactions which generate more OH. Consequently, the apparent
6.02x1010 375 rate of removal of OH from the system is much lower than is
9.46x1010 379 compatible with reaction 1.
1.48x10M 390 OH + CyHy — CyHg + Hy0 '¢8)
1.47x10l1 403 Authors derive expression k; = 6x1012T0'5exp(—2800/T) -cm3
2.10x1011 414 mol~ls™!. Restated in Arrhenius form as k) = 1.3x10““exp
2.17x10!1 421 (-2800/T) cm3mol™!s™! in Ref. 16 and as k; = 2.4x10l%xp
1.09x1011 423 (~3000/T) em3mo1™!s™! in Ref. 22.
1.99x10l1 425 Ouoted by Refs. 31,32,33,34,43,45,47 and 48.
2,93x10!! 427 Used by Refs. 30,49,73 and R2.
2,35x104! 431
3.63x1011 439
2.47x10M1 449
1,75x10tt 461
3.28x10!! 471
5.24x10!!] 490
3.61x10!! 501
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OH + CZHG s C2H5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cm3mol_]s_l 7% Keterence and Comments
- 813 BALDWIN and STMMONS 1955%
BALDWIN, JACKSON, WALKER and WEBSTER 196519

Static system. Ho(7-562)/0,(7-56%)/N, mixtures at a total
pressure of 5.33-16.0 kPa in KCl-coated vessels. CyH(0.4-
0.8%) added. Products estimated by a vacuum condensation
method.1 Reaction followed manometrically.

Effect of CZHG on the second explosion limit of the H2/02
reaction investigated. Assuming that C2H6 interferes by
removing H atoms and OH radicals by reactions } and 2, authors
were able to derive a complex expression involving ky and kz
and used this in the later work to give kI/k3 =12 at 813 K,
assuming reaction 4 to have no effect.

H + CyH, —»C,Ho + H, (2)
Hy + OH — Ho0 + H (3)
0 + CyHlg —=»CyHg + OH (4)
Using his own value for k3,33 Schofield gives k1 = 1.5x1013
em®mol s 1. Using a value of k3 from Ref. 94 we get kl -
4,86x10!2 cnlmo1~lsL,
Quoted by Ref. 34.
Used by Refs. 40,45 and 60.
3,9x10!! 843 TIKHOMIROVA and VOEVODSKIT 1955°

Capacity flow system. H2(10 or BOZ)/02(90 or 20%) mixtures
at total pressures of 3.33-33.3 kPa, C2H6(0.3~0.7Z) added to
reaction vessel. Reaction followed manometrically.

Inhibition of upper explosion limit of H2/02 reaction
studied over temperature range 773-923 K. k, obtained from H,-
rich mixtures, where reaction | assumed absent, then used in
formula for lean mixtures to obtain k-

Quoted by Ref. 45,
- 793 BALDWIN and SIMMONS 19576

BALDWIN and WALKER [96417

Static system. 1!2(7—562)/02(14—562)/1‘32 mixtures at total
pressures of 0.53-2.67 kPa. C,H added up to 1.3% KCl-coated
vessels. Other experimental details as in Ref. 4.

Effect of C2H6 on first explosion limit of the H2/02
reaction studied. Results found to be compatible with those
in Ref. 4 and a number of expressions for kl put forward,
dependent on reaction mechanism.

OH + CoHg — CoHg + Ho0 (1

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + Csz haed c2H5 + Hgo

EXPERIMENTAL DATA - CONTINUED

Ratae Congstant Temperature
k/cmSmol'ls-l /R Reference and Comments
In the later study, authors determined rate constants on the
basis that all CyHg radicals formed underwent chain termination
reactions. They give k)/ky = 13 at 793 K and take kj from
Refs. 9 and 15 to derive k;. Using our value of kg (Vol. 1
p. 77) we obtain k| = 1.09x10!3 cndmo1™le™! ar 793 k.
Hy + O — Hy0 + H (3)
However, authors warn that the ratio k;/k; may include a
contribution from ka/k5.
0 + Collg —> CoHg + OH %)
0 + Hy —» H + OH (5)
Quoted by Ref. 34.
Used by Refs. 20,38,45 and 47.
Superseded by later work (Refs, 43,52,84,94) -~ not plotted on
graph.
8.4x1013 1050 FENIMORE and JONES 196313
s.1x10%? 1260 Flame study. Hy(0-70%)/0,(18.0~58.0%)/CHg(1.50~11.4%)/Ar
4.7x1013 1350 flames at 267-667 Pa pressure. Stable species wonitored by
1.7x1013 1420 mass spectrometry.
2.0x1013 1440 [H] estimated from 0, consumption in the early stages of the
3.0x10!3 1600 flame (before the equilibrium in reaction 5 was established)
3.6x1013 1610 and [OH] from the equilibrium in reaction 6.
CO + OH — CO, + H (6)
Authors used theilr own values of ksg and k6j The four
highest temperature values of kl were determined in the absence
of Hy and are considered by the authors to be more reliable.
Having insufficient information on activation energies they
gave an approximate value of k; = 3x1013 cm3m01~15-1 over the
temperature range 16400-1600 K.
Quoted by Refs. 12,14,18,22,23,27,33,34,45,47 and 72.
Used by Refs. 30,60 and 64.
about 5x10%2 1300-1550  WESTENBERG and FRISTROM 196523
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Flame study. CyHg(54)/0, flames at 10.1 kPa pressure. [H]
and (0] monitored by e.s.r. spectroscopy, stable species by
mass spectrometry.

[OH] profiles determined from the equilibrium of reaction 6,
using k6 determined in the same study. Assuming reaction 1 to
represent the initial attack on C2H6, authors obtained values
of k; ranging from 1.3x1022 to 1.2x10%% endmo171s™! over the
quoted temperaturs range.

Quoted by Refs. 27,33,34 and 45.
Used by Ref. 60.
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OH + C2H5 — CzH5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Ratre (Cnanstart

Temperature

Reference and Comments

k/emmol~1s™! T/X
8.9x101 010+ Sexp(~2800/7) - CHINITZ and BAURER 19662

Theoretical estimate based on gas kinetic and SEMENOV
theories.

Activation energy taken from Ref. 3. A factor obtained by
similer method to that adopted in earlier work.21
Quoted by Ref., 47.

- 798 HOARE and PEACOCK 196628

Flow system. Decomposition of H,0,(1.27%) in He or N,
carrier, in presence of CH,(0.56-6.38 kPa) and 0,(344-813 Pa)
at total pressures of 13.3~101 kPa. [CO], {COZ]’ [CZHA]'
[CH,T, [CyHg] determined by gas chromatography, [HCHO] by
thicsulphate titration.

Authors assumed CZHA produced by oxidation of CZHS radicals
produced in reaction 1 and €O and CO4 by oxidation of the CHO
radical produced in reaction 7. Hence a value of k7/kl = 2.8
was determined at 798 K.

OH + CyHg —— CyHg + Hy0 (1)
OH + HCHO —— CHO + H,0 (7
They admit that such assumptions must give only an approximate
value for the ratio but note agreement with data calculated
from Refs. 6 and 11.
Quoted by Ref. 48.
Used by Ref. 40.
k7/k1 given as 3.8 in Ref. 20.
1.76x10%! 302 GREINER 196727

Flash photolysis of Hy0(1-2%)/Ar mixtures in the presence of
Cth(O.S 4%) at a total pressure of 13.3 kPas ([Ol] monitvred
by u.v. absorption spectroscopy at 306.4 am.

Method and apparatus as described in Ref. 28. Author also
cbtained the following activation energy ucing Evane—Polanyi
theory: E; = 25.5 kJ mol~1(6.1 keal mol']), leading to the
ratio Al“‘& = 3.8.

OH + CH, — CHy + Hy0 €-))
Quoted by Refs. 31,41,43,48,51 and 92.
Used by Refs. 45,47,60 and 120,
1.3x10 %exp(~1800/T) 298423 HORNE and NORRISH 196731

Flash photolysis of HZO(Z.S‘Z)/Ar mixtures in the presence of
CaHg(<0.3%) at a total pressure of 4l.1 kPa. [OH] monitored by

u.v. absorption spectroscopy at 309 nm.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CQHS hasd C2H5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Reference and Comments

Rate Constant Temperature
k/cmomol™ls™! T/K
- 300
- 753-773
- 734-798

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Effect of OH recombination allowed for by using an overall
rate constant for [OH] decay determined in the same study.
Quoted by Refs. 43,48,90,103 and 104.

Used by Refs. 45 and 60.

WILSON and WESTENBERG 1967°°

Discharge flow system. H2(1—2%)/Ar mixtures at 100-180 Pa
total pressure« OH produced by H + N02 titration. C2H6 added
downstream so that [02H6]>>[0H]. [H], {OH] monitored by e.s.r.
Spectroscopy.

Authors unable to obtain any information on secondary
reactions and hence on stoichiometry. They were thus only able
to quote an apparent rate comstant nk; = 6x101! emdmor~ls™! ac
300 K, where n is the stoichiometry

OH + CyHg — CoHg + HyD (1)
Used by Ref. 60.

BALDWIN, EVERETT, HOPKINS and WALKER 196836

Static system. H,(28%)/0,(14Z)/N, mixture at a total
pressure of 66.7 kPa. CyHg(0.1%) added. Aged boric acid-
coated vessels. [Hzl monitored manometrically, [HCHO]
colorimetrically; other carbon-containing compounds by gas
chromatography.

Effect of C,H, addition on the slow HZ/OZ reaction studied.
C2H6 found to have a marked effect and thus could only be added
in small quantities. Assuming that all 02H5 radicals are
converted to oxidation products, the authors were able to
obtain a value for the ratio ky/kg = 8.5 at 773 XK.

H2+0H—>H20+H' (3)
Using our expression for k3 (Vol. 1, p. 77), we obtain k| =
6.56x1012 em3mo171s™1 at this temperature. Not plotted on
graph - see Ref. 84.
Used by Ref. 45,

HOAPE and PATEL 106940

Static system. CH;(7.1-31.9%)/C,Hg(9.4-16.8%)/CoH, (0~
8.7%)/0, mixtures at total presures of 9.33-24.7 kPa, All
stable gpecies analysed by gas chramatagraphy.

From the product ratios, authors obtained the following
values for the ratio kl/kgz 10,4(734 X), 10.0¢(773 X) and
12.0(798 K).

OH + CH, —» CHg + Hy0 {8)
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OH + C2H5 —> C2H5 + H20

EXPERIMENTAL DATA - CONTINUED

Rate Conetant
k/emmo1™ts ™

Tempcrature

T/K

Reference and Comments

2.3x1012

773

298

Using our expressiom for kg (thie paper) we obtain k) -
3.71x1012(734 K), 4.33x1012(773 K) and 5.85x10}2 cmimo1~ts7]
(798 K). On account of the apparent temperature independence
of k3/kg, authors assumed that Fy is spproaximately eaqnal to Fg.
Quoted by Ref. 48.

Used by Ref. 45.

BALDWIN, HOPKINS and WALKER 1970%3
BAKER, BALDWIN and WALKER 197152
BALDWIN, BENNET and WALKER 197784
BALDWIN and WALKER 197994

Static system. Hy(14-86%)/0,(7-72%)/N, mixtures at a total
pressure of 66.7 kPa. 0.1% C,H, added. Aged boric-acid coated
vessels. [HZ] monitored manometrically, [HCHO] colori-
metrically, other carbon-containing species by gas
chromatography.

Extension of work first quoted in Ref. 36, giving details of
inhibition by C,Hg of the slow H,/0, reaction over a wide
concentration range. Assuming reaction 4 to be a minor
reaction removing C,Hy, authors obtained k;/k3 = 10.5(753 K)
and 10.9(773 K). If reaction 9 also removes 0256, a value of
9.5 is obtained at 773 K but authors believe reaction 4 to be

more important.

OH + CoHg — CoHg + Hy0 (1)
Hz + OH -——»HZO + H 3)

0 + CyHg —CoHs + OH (4)
HOp + CoHg — CoHg + Hy0, (€3]

Authors took kq from Ref. 25 to give k; = 8,5x1012 cm3mo1ls™!
4t 773 X, Combining this result with those in Refs. 29 and 31,
authors obtained k; = 8.7x101%exp(-1770/T) cmmo1~ls7L.

Quoted by Refs. 54,59,65,66,72 and 96,

Used by Refs. 42,45,60,31,95,108 and il1.

After allowance for self-~heating, authors obtained revised
estimate kl/k3 = 5.7 at 773 K.‘M’94 Using k4 from Ref. 94 we
gee kg = 2321012 cudwor~ts™l. Tuis value procced on graph.

BERCES, FORGETEG and MARTA 1970‘“‘

Static photolysis of HNO3 at 265 nm at total pressures of
about 0.7-5.5 kPa, in the presence of C,Hg. [NOz] monitored by
absorption of light at 440 nm.

Authors suggested the following mechanism for NO, production

in the absence of additive:

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + Csz fand CzH5 -+ Hzo

EXPERIMENTAL DATA - coNTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/em“mol™ s T/K
HNO3 + hy No2 + OH
OH + HN03 — NO3 + Hy0 (L0)
NOj + M — NO + 0p + M
NO4 + NO —» 2NO,
In the presence of C2H6 , enhancement of the initial rate
observed. Degree of enhancement approached a limit when
[CoHg1/[HNO4] is about 2. Authors were unable to propose a
detailed mechanism in the presence of additive but suggested
that under conditions of maximum rate enhancement at least 957
of OH radicals attack C,Hg, according to reaction 1. Thus they
deduced kjo/ky <0.1. Using our value for kio(Vol. 2, p. 439)
we obtain k; > 8x10!! cmimo17ls™! ar 298 k.
Quoted by Ref. 59.
1.87x10!! 297 GREINER 1970%0
2.75x10!! 335 Flash photolysis of HZO(IZ)/A!' mixtures in the presence of
4,52¢10%! 369 CyHlg at 109-132 Pa pressure. [OH} monitored by u.. absorption
5.64x10“ 424 spectroscopy at 306.4 nm.
9.35x10!! 493 Rate constants determined from [OH] decay and corrected for
the effect of reaction 1l using a computer simulation.
OH + CoHg —» products (1)
Author derived the expression k; = 1.12x1013exp(-1232/’1') em?
mol~ts™! over the temperature range 300-500 K after combining
these data with corrected data from Ref. 29. Data calculated
from transition state theory agree well with this.
Quoted by Refs. 59,67,68,69,77,78,89,97,100,103,104,117,122,
E) quoted by Refs. 61 and 83.
Used by Refs. 60,85,91,106,111,112,113 and 115.
Used in altered forw iun Ref. 105.
- - BALDWIN and WALKER 19736!

Theorctical determination of the activation cncrgy B) uweing
the reaction exothermicity.

Used in Ref. 86 but attributed to the reaction of CyH, with
€l atoms. Authors obtain E; = 8.4 kJ mol™! lower than most
experimental values.

1.26x10% 3exp(-1300/T) 300-500 BENSON 197557

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Theoretical value, derived from transition state theory.
Based on the value of SO(CZHSOH) calculated earlier in the same
study. A non-linear eamplex would have an A factor an order of

magnitude higher.
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OH + CZHG i d C2H5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/em3mo1~1g™1 T/K Reference and Comments
4.0a1011 381 GORDON and MULAG 197567
4.8x101 416 Pulse radlolysis of Hy0 at 101.3 kPa pressure in the
presence of CZHG(O.?_?-Z.AO kPa), {OH] monitored by u.v.
abeorption spactroscopy at 308.7 nm.
- 653 HUCKNALL, BOOTH and SAMPSON 197557

Statiec syvstem. OH produced by decomposition of 1.33 kPa
Hq0y in OZ/NZ mixtures to a total pressure of 5.33-66.7 kPa.
(a) CZHG/CHA mixtures (l:1, 1:3, 1:9) added in trace amounts
(<1%) and (b) CoHg/CaHg mixtures (l:1, 1:4, 4:1) added up to
667 Pa pressure. Aged boric acid coated vessels. [HZOZ]
determined by permanganate titration, other stable species by
gas chromatography.

From the CH,/C,H, co-oxidatlion, authors obtained k)/kg-= 9.6
at 653 K. Using our expression for kg (this paper) we obtain,
ky = 2.16x10'2 cm3mo17s™! at this temperature.

OH + CH, — CHy + Hy0 (8
The CZH6/C3H8 system was studied more extensively over a wide
range of conditions. kjo/k; = 2.18 at 653 K obtained.
OH + CgHg — CgHy + HyO (12)
Yo evidence found for interference by HO, reactions, but see
Discussion.
1.59x10!1 295 OVEREND, PARASKEVOPOULOS and CVETANOVIC 197571

Flash photolysis of HyO(about 0.5%)/He mixtures at 66.7 kPa
pressure in the presence of C,Hg(0-589 Pa). {OH] monitored by
u.v. absorption spectroscopy.

Results confirmed using flash photolysis of ¥p0 in the
presence of HZ to produce OH.

N0 + hv — N, + o(!D)
Hy + (0'D) —» H + OH
A computer cimulation chowed the only compcting rcaction to be
reaction 11. Authors assumed kyp = collision frequency.
OH + C,Hg —» products (11)
Quated hy Refa. 68,77,97,102,10%3,104,114 and 117.
Used by Ref. 120.
Preliminary value of k; = 1.8x10%! em3mo1~1s™l,
Quoted by Ref. 64.
2.46x1012 870 SMETS and PEETERS 197572
2.95x1012 940 Flame study. C,H,(6.32)/0, flames at 4 kPa total pressure.
4,37x1012 1040 Stable species followed by mass spectrometry.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + Csz e d C2H5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature .
3 -] -1 Reference and Comments
k/ecm’mol s T/X
4.79x3012 1140 Rate constants determined from the dissppearancc of CZH()’
6.l|6x1012 1240 assuming reaction 1 to be the principal means of attack on
7.50x1012 1340 CoHg-
1.26x1013 1500 OH + CyHg —w CyHy + Hy0 )
2.04x1013 1600 Authors derived the overall expression k| = 6.5x1013exp
2.34x1013 1770 (-2800/T) emmo1™1s~ 1
Quoted by Ref. 80,
- 1300 BRADLEY, CAPEY, FAIR and PRITCHARD 1976'°

Shack tube gtudy. Hzﬁz(nhnnr 0.1%)/Ar mixtures at ahontr 15
kPa pressure in the presence of CyHg at 7.78-15.4.Pa pressure.
Incident shocks. [OH] monitored by u.v, absorption
spectroscopy at 309.2 nm.

Shock tube coated by epoxy resin to avoid catalytic
decomposition of H,0y. Temperature of 1300 K chosen as being
most convenient for wmeasurement of [OH]. A 28-reaction
mechanism (almost certainly incomplete} wﬁs formula;:ed and
using data obtained in the same study from other
substrates, authors gave the ratio kgikjqikgikgiky,tky =
0.18:0.19:0,59:1.00:2.33:2.88,

Hy + OH —» H,0 + H (3)
CO + OH = COZ+H (6)
OH + CH, = CHj + Hy0 (8)
OH + CFqHl —» CF3 + Hy0 (13)
OH + CoH, = CyHy + H,0 (14)
Using our value of kg (Vol. L, p. 77), we obtain ky = l.47x1013
en’mo1~te™1; using our value of kg (vol. 3, p. 203), we obtain
ky = 3.33x1012 cndno1 sl using our value of kg (this paper)
we obtain ky = 7.2x1012 cm3mol-1s-l, all at 1300 K.
Quoted by Refs. 103 and 104.
Used by Ref. 105.
1.74x10t! 296 HOWARD and EVENSON 197677

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Discharge flow system. Hz/He mixtures at total pressures of
Uul=1.0 kPa, N02 added downstream. Czﬂﬁ added furcher
downstream in large excess. [OH] monitored by laser magnetic

resonance sSpectroscopy.

-14 3

very low [UH]} used, about 10 mol ¢m . Otherwise detalls
as given in Ref. 76,
Quoted by Refs. 74,87,97,99,117 and 118.

Used by Ref. 120,
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OH + CZHG — CzH5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Conatant

k/cmmol™ s

Temperature

T/X

Reference and Comments

1.6x101!

7.8x10%7% *Oexp (-430/T)

1.39x101t

4.82x10%0

298

300-2000

293

238

403-683

LEU 1979101

Fast flow-discharge system. OH prepared by reaction of NO,
with H atoms produced in H,/He discharge (about 0.4 kPa). CoHg
in lTarge excess added downstream. OH detected by resonance
fluorescence at 309 nm.

Concentration of OH about 107 molecules cm_a. Rate constant

determined from pseudo-first-nrder decay of 0OH.

Quoted by Ref. 117.

conEN 1982120
Theoretical expression derived using transition state theory

and experimental data of Refs. 29,71 and 77.

LEE and TANG 1982121

Fast flow discharge system. OH generated by reaction of No,
with H atoms produced in H,/He discharge. CqH, added in excess
downstream. OH detected by resonance fluorescence.

Rate constant measured under pseudo-first~order conditions
with {C2H6]>>[OH] .

MARGLTAN and waTSON 1982122
Flash photolysis of mixtures of HNO4(7.3 Pa)/CZH6(4.0—53
Pa)/He(2.6-13.3 kPa). OH monitored by resonance fluorescence.
OH generated by u.v. photolysis of HN03. Rate constant
determined from pseudo-first-order decay of OH.

BAULCH, CRAVEN, DIN, DRYSDALE, GRANT, RICHARDSON, WALKER and
WATLING 1983124

Static photolysis system. Photolysis of H,0 {about 3.3 kPa)
at 184.9 nm in the presence of CO/CyH, mixtures. €O, yield
measured by gas chromatography.

Measurement of GO, yleld as a function of [CO]/162H6J gives
kylkg = 4.2(403 K), 7.2(443 K), 7.4(493 K), 13.4(561 K),
11.7(595 K) and 21.4(683 K).

CO + OH —» CO, + H (6)
Using our expression for ke (vol. 3, p. 23) we obtain k)
x1071/endno17 6™ = 4.09¢403 K), 7.28(443 K), 7.82(493 K),
15.1(561 K), 13.6(595 K) and 26.9(683 K).

J. Phys. Chem, Ref. Data, Vol. 15, No. 2, 1986



514

BAULCH ET AL.

OH -+ CQHG - C2H5 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
L . Reference and Comments
k/em’mol™ s T/X
1.56x1011 297 TULLY, RAVISHANKARA and CARR 1983127
4.66x1011 400 Flash photolysis of mixtures of HZO/CZHE»/Ar in static
9.5hd011 499 reactor. All experiments at 13 kPa pressure Ar and
1.57x1012 609 [CoHgI>>[OH].  [OH] monitored by resonance fluorescence.
2.20xi012 697 Rate constants determined from pseudo-first—order decay of
3.05x1012 800 OH. The expression, k; = 8.61x109Tl‘OSexp(*9ll/T) was derived
from the rate coefficient data.
1.18xz1011 248 JEONG, HSU, JEFFRIES and KAUFMAN 1984127
1.37x101! 273 Discharge flow system. NO, added to [H] produced upstream
l..87xlOll 294 in He/H2 microwave discharge. [OH] monitored by resonance
1.84x1011 298 fluorescence.
2.50x101! 332 Pseudo-first-order conditions, [RH]>>{0H]. Initial [OH]
3.21x101! 375 about 5x101! molecules cm™.
4.81x1011 428
4.64x1011 429
5.98x101! 464
6.20x10!! 472
REVIEW ARTICLES
- - FRISTROM and WESTENBERG 1965%%
Review of elementary flame reactions. Quotes Ref. 13 and
restates data from Ref. 2 in Arrhenius form, with wérnxng as to
their reliability given in Ref. 13.
- - FRANKLIN 196727
Review of kinetics of hydrocarbon combustion. Quotes Refs.
13 and 23.
2.4x10 4exp(-3000/T) 373-1573 HEICKLEN 196730

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Review of gas phase chemistry. Selected value based on

Refe. 2 and 13. No commente made.

KAURMAN 1969%1
Review of elementary gas reactions. Quotes Ref. 29. Algo

refers to the work of Ref. 26.
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OH + C,Hg — C,Hs + H,0

REVIEW ARTICLES - CONTINUED

RatenConstant Temperature Reference and Comments
k/en’mo1 s T/K
7.7x1013exp(-1800/T) 300-1500 DRYSDALE and LLOYD 1970%°
Evaluation. Based on.data in Refs. 29 and 43, assuming the
activation energy given in Ref. 31. Also quotes
Refs. 2,5,6,13,35 and 37, and authors derive values of k, from
Refs. 19,26 and 36 using k3 and ks derived in the same review.
OH + CyHg —> CZHS + H,0 (1)
H2+OH——>H20+H (3)
OH + Cl-lh,+ —_— CH3 + HZO (8)
Used by Refs. 37 and 70.
1.29x10 ¥ exp(~2000/T) 302-793  KONDRATIEV 1970%7
Evaluation. Based on data from Refs. 17 and 29. Also quotes
Refs. 2,19,23 and 26. Author uses his own value of k3 to
derive k; from Ref. 17.
Used by Refs. 53,56 and 79.
1.82x10!! 298 ZAFONTE 19700
Preferred value. Quotes Refs. 2,46 and 60. Preferred value
is that of Gr:eimar.l'6
- - CAMPBELL and BAULCH 197278
Review of atomic and blmolecular reactions. Quotes general
expression for K(OH + alkane) determined by Baker et al.,'n
which gives k; = 9.0x1013exp(—1770/T) cndmol™Ys™).  Also refers
to work from Refs. 29,46 and 52.
6.5x10 3 exp(~1800/T) 300-2000 wILsoN 197280
Evaluation. Based on data from Refs. 13,23,26,29 and 46.
Author aloo derives valuce of \'.1 £rom Rcfe. 19 and 43, taking
k.3 both from his own evaluation in the same review and Ref. 39.
A value of ky = 2-3x10%1 cm3moi7ls™! is derived from data in
Ref. 135, ascuming a stoichiometry of 2-3.
Used by Refs. 63 and 74.
1.5x1011 298 ANDERSON 19767%

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Selected value for use in atmospheric chemistry is that of

Wilson.ﬁo

given.

Also quotes Ref. 77. No criteria for selection

KERR 197678
Review of H atom transfer reactions. Quotes Ref. 46.

Quoted by Ref. 109.
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OH + Csz — C2H5 + Hzo

REVIEW ARTICLES - coNTINUED

Rate Constant Temperature
3 -] -1 Reference and Comments
k/cm"mol” s T/K
- - HAMPSON and GARVIN 197888
Compilation of data for atmospheric chemistry. Quates
Refs. 46,71 and 77.
- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 197973
Review of gas phase reactions of OH with organic compounds.
Quotes Refs. 46,67,7) and 77,
Quoted by Refs. 98 and 107.
1.12x1013exp(~1230/T) 300-500  HaMPsoN 1980110
Compilation of data for atmospheric chemistry. Quotes
Refs. 46,71 and 77, Recommends expression of Ref. 46.
- - WESTLEY 1981110
Compilation of data for combustion reactions. Quotes
Refs. 6%,71,75 and 77.
1.14x103exp(-1230/1) 290-500  copaTA 1982119
Evaluation for use in atmospheric chemistry. Considers
Refs. 46,67,71 and 77. Recommends expression of Ref. 46.
2.2x1071! dexp(-570/T) 300~2000  COHEN and WESTBERG 1983128
Evaluation. Considers data in Refs. 29,67,69,71,75,77 and
94,
1.15x10 3 (-1200/1) - NAsa 1982, 1983123,126
Evaluation for use in stratospheric modeling. Based on
Refs, 46,71,77 and 125.
6.3x10572*Oexp(-325/T) 300-2000 WARNATZ 1985129

1.65x10!

Evaluation. Considers data of Refs. 13,43,46,67,71,72,75 and
76,

ISOTOPIC REACTION 0D + CoHg

300

GREINER 1968°7
Flash photolysis of D20/Ar mixtures at a total pressure of
13 kPa in the presence of cznﬁ(az). No further details given.
Method reported to be the same as that used in Ref. 29. No
isotope effect observed.
Quoted by Refs. 45 and 48.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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Discussion

The reaction between hydroxyl radicals and ethane has
much in common with the analogous methane reaction. It
has been studied by similar techniques and frequent referral
will be made to points dealt with in the discussion of the
methane case:

OH + C,H—C,H, + H,0. (n

Reaction (1) is of less importance in atmospheric
chemistry than the analogous reaction of methane and con-
sequently it has received less study at low temperatures than
reaction (8):

OH -+ CH,—~CH, + H,0. (8)

As with reaction (8), there is more agreement among the
low-temperature data than among those obtained above
1000 K which for ethane are widely scattered and difficult to
evaluate.

Below 500 K, reaction (1) has been studied by flash
photolysiS,ZQ,Z1.46,7],122.125 discharge ﬂow,2,77,101,121,127 and
pulse radiolysis®” methods. For the reasons given when con-
sidering reaction (8) we reject the data of Avramenko and
Lorentso® and accept those of Greiner*® with which good
agreement is shown by other work,*7-7177101,121125,127 A ¢ for
reaction (8), the results of Horne and Norrish®' are higher
than others. There are obviously errors in their method. For
example, the rate constant chosen by them for [OH] decay
in the absence of hydrocarbon is low when compared with
our values taken from Vol. 1, p. 425. This would account for
their high &, and k,, while giving reasonable values for E,
and Eg.

The result of Wilson and Westenberg®® has not been
plotted since the rate of [OH] decay was too fast and they
were unable to deduce the stoichiometry. There are no data
on the secondary reaction (11), assumed to proceed at a rate
equal to the collision frequency by Overend et al.”’ Greiner*®
made a correction of about 10% to his observed rate con-
stant to allow for this:

OH + C,H.—products. (1D

At the lowest end of the temperature range, Margitan and
Watson'?? obtained an absolute value of k, = 4.82x 10'°
cm® mol ™' s~ !at 238 K. Our recommended expression, giv-
en at the end of this discussion, extrapolates very closely to
this value.

Turning to the relative measurements below 500 K, we
reject the lower limit for the ratio k,/k,, obtained by Bérces
et al*:

OH -+ HNO;—NO; + H,0. (10)

In the absence of a detailed reaction mechanism the authors
were forced to use a very approximate method to treat their
results. It is probably fortuitous that use of their value of &g,
measured in the same work and an order of magnitude lower
than our recommended value (Vol. 2, p. 439), brings the
value of k, into agreement with the other data at this tem-
perature.

The range of high-temperature values covers two or-
ders of magnitude. For the reasons given in the discussion of
reaction (8), however, we can dismiss the flame data of Fen-

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

imore and Jones'> and Westenberg and Fristrom,?* where
[OH] is calculated assuming it to be in equilibrium in the
hot boundary. We have little information on the static pyro-
lysis system of Tikhomirova and Voevodskii,” except that it
was designed to measure the rate of reaction (2) and the
authors admit that the k, values determined are at best only
order of magnitude estimates:

H + C,H—C,H, + H,. (2)

Bradley ef al.”give three possible values of &, at 1300 K,

depending on which of the ratios /&;/ks, k/k, or ki/kg is
used. In view of the corresponding wide spread of results we
make no use of their work. That leaves only the flame work
of Smets and Peeters,”” whose lower temperature values ex-
trapolate well to Greiner’s data. The apparent increase in
activation energy at the very highest temperatures suggests
possible non-Arrhenius behavior, though to a much smaller
extent than with CH,, but clearly before reaching such a
conclusion more data are required on reaction (1) above
1000 K and in the intermediate temperature range 500-1000
K.

In the intermediate temperature range the only abso-
lute data are those of Tully, Ravishankara, and Carr.!” The
flash photolysis method used has no obvious kinetic compli-
cations and has proved reliable in analogous work on reac~
tion (8). We therefore accept its findings. There is good
agreement below 500 K and at the high-temperature end the
results extrapolate to fit values of %k, given by Smets and
Peeters.” The results of Tully ef al. give no indication of
curvature in the Arrhenius plot below 1000 K.

The remaining results in the range 500-1000 K have
been obtained from measurements of the ratios k,/ks, k,/k¢,
k,/kg, and combination with the relevant values of the refer-
ence rate constants:

OH + H,—H,0 + H, (3
OH + CO—CO, + H, (6)
OH + CH4—>CH3 + H20~ (8)

Values of ks and kg have been taken from our own evalua-
tions (Vol. 3, p. 203; and this paper) but recent data suggest
that in parts of the temperature range, our evaluation of &,
(Vol. 1, p. 71) is slightly high. We have therefore used the
expression suggested by Baldwin and Walker®* for k.
Baldwin ez al.+%17:19-3643.52 have studied the addition of
C,H, to H,/0, mixtures under a wide range of conditions
obtaining values of k,/k;. In their most recent work these
values have been corrected for the effects of self-heating and
other minor refinements in the mechanism of the H,/O, re-
action.”® The value of &, thus obtained at 773 K is in excel-
lent agreement with an extrapolation from the most reliable
low-temperature data, Hoare and Patel*® obtained values of
k/kgover a narrow temperature range from analysis of pro-
ducts from CH,/C,H¢/C,H,/0, system. Although the re-
sults appear high and do not agree with results by either
Smets and Peeters’® or Tully et al.,'® they may be evidence
for curvature of the Arrhenius plot at high temperatures.
Hucknall et al.%° also measured &,/k; producing OH from
H,0,. Although their result leads to a value of k; which
appears reasonable, their system contained high concentra-
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tions of HO,, reactions of which may have affected their
results and for this reason we make no use of their data. The
most reliable data in the intermediate temperature range ap-
pear to be those of Baulch et a.'?* using a simple photolytic
technique to obtain values of k,/ks. The values of &, derived
are essentially in agreement with the more precise results of
Tully et al.1%
A value of

ky=1.8x10"" cm®mol™'s™?

at 298 K seems well established 2946.71.77.101121.125 rom 298
K up to about 1000 K we base our evaluation on six sets of
data #6.67:94124.125.127 Beyond 1000 K the data of Smets and
Peeters seem the most reliable, being consistent with other
results in the 1000 K region but complete acceptance of their
data would require the Arrhenius plot to curve more sharply
above 1000 K than for methane. In a recent theoretical
study, Cohen'® accepts strong curvature setting in at a
slightly lower temperature partly on the basis of a transition
state calculation. While we agree that there may be curva-
ture we see little compelling experimental evidence for it
below 1000 K and we do not believe the higher temperature
data to be sufficiently well established to recommend such
an expression with any confidence. Until the status of the
high-temperature data is clarified, we recommend the
expression

k= 1.4%10" exp( — 1340/7) cm® mol~ 17},

over the temperature range 250-1200 K, with error limits of
Alogk= +0.1 at 300 K, rising to an error in logk of
4+ 0.3 at 1200 K.
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5.

OH + C3H8 —d C3H7 + H20

THERMODYNAMIC DATA

OR + CgHg — n-C4Hy + H50 (1a)
BHGge= -89.50 kJ mol”l (~21.39 keal mol™h)

OH + Cqlig —» iso-C4Hy + Hy0 (1)
BH3gg= ~102.05 kJ mol™! (-24.39 keal mol™})

RECOMMENDED RATE CONSTANT

= ky, + Ry = 11600972 9%exp(390/7) en’mo1™ls™!

1.8x1072972: 934, 0(390/T) cmimolecule ls™!

Temperature range: 290-1200 K
Suggested Error Limits for Calculated Rate Constant:

Alog k = #0.12 at 30N K, rising to Alog k = +0.3 above 1000 K.

Rate Parameters: See Discussion.

EXPERIMENTAL DATA

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/cm mol™'s T/K
4.3x1013 793 BALDWIN 1964%

BALDWIN and WALKER 19647

Static system. H2 (7-56%)/02 (7«72%)/N2 mixtures at total
pressures of ahout 12 kPa. <0.1% CSHS added. KCl-coated
vessels. Reaction Followed manometrically, products estimated
by separation with various freezing mixtures.

Inhibition hy C3H8 of 2nd limit of H2~02 reaction. Authors
found reaction ? to he main source of removal of C3H8, and
assumed reaction | important secondary source by analogy with
work on other alkanes, e.g. Ref. 1.

Ol + CqHg — C3H; + Hy0 (1

H + Cqflg — CqH, + H, (2)
Assuming all C3H7 radicals undergo termination reactions,
authors obtain kl/k3 = 27.0. Taking k3 from Refs. 2 and 3 they
give the valus of kl gquoted. Using sur value of k3 {(Vol. 1, p.
77}, we ohtain k; = 2.27%x10"% cm3mo17's™t at 793 K. Using (3
from Ref. 49 we get k; = 1.19x10'% cm3no1™Ye™l.  This point
plotred.

Hy + OH — H,0 + H (3)
Quoted by Refs. 6,9,16,32 and 62.
Used by Ref. l4.
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OH + C3Hg —» C3H; + H0

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature

3 -] -1 Reference and Comments
k/cmwol s T/K

101110+ Sexp(~3600/T) - CHIKITZ and BAURER 1966’
Theoretical estimate.
E, based on unpublished work by Fristrom et al.
4, derived from kinetic theory.

8.2xt0l 298 GREINER 19678

Flash photolysis of Hy0 (1-2%)/Ar mixtures at 13.3 kPa
pressure in the presence of CgHg (27.0~150 Pa). [OH] monitored
by w.v. absorption spectroscopy at 306.4 nm.

Effect of secondary reactions considered insignificant.
Author unable to distinguish between n-CsHy and iso-CyHy
products using theoretical values for activation energy
differences.
Quoted by Refs. 14,15,16,17,19 and 62.
Used in Ref. 6].

1,5x10%3 753 BAKER, BALDWIN and WALKER 19701%»13
Revised to BALDWIN, BENNETT and WALKER 197742
3.7x1012 BALDWIK and WALKER 197947
Static system. H, (7-85%)/0, (7-927.)/N2 mixtures at total
pressures of 33.3-89.1 kPa. <0.1% C3H8 added. Aged boric acid
coated vessels. [HCHO| determined colorimetrically, other
products by gas chromatography.
Investigation of the effect of CgHg on the slow H,/0,
reaction. Evidence from gas chromatography showed reaction 2
CO be more important than reaction 4, and authors were able vto
give the ratio k1/k3 = 2145 at 753 K.
RO, + CqHg ~— C3Hy + Hy0, (4)
Taking kg from Ref. 10 authors obtain first quoted value of Kqe
Combining this with k, from Ref. 8 they obtain the expression
ky = 1.02x10 exp(-1440/T) cm’mo1™'s7L
Quoted by Refs. 20,22,23,31,52 and 62.
The authors later corrected their ratio for the effects of
42 obtaining k/kq = 9.9 ar 753 K. Using kq from
Ref. 49, ky = 3.7x1012 cwdaa1™ls7ll Assuming that (1) Cyly

self-heating,

was produced only by decomposing n-CqHy radicals; (ii) C3H7
radicals give CqHg by reaction 5; (1ii) ky/k, is the same for H
atome and OH radicals, authors applisd a computer analyeie to
[€,H,] and [C4Hyl production to give kyp/kyy = 1.2 at 753 K,
compared with an empirical value of 1.05 derived in the same
study. They believe, however, that assumption (iii) is

doubtful and do not recommend the ratio obtained.
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OH + C3H3 - C3H7 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -1 -1 Reterence and Comments
k/em’mol s T/K
Cqlly + 0y =—» CqHg + HO, )
X + Cylg = n~CqH, + HX (a)
X + Chlig —» diso=~ CqH; + HX (b)
(where X = H, OH)
7.64x101 298 GREINER 197019
8.67x101} 335 Flash photolysis of H,0(l1Z)/Ar mixtures in the presence of
1.15x1012 375 C3Hg at 35.5-106 Pa pressure. [OH] monitored by absorption
l.32x1012 423 spectroscopy at 306.4 nm.
1.88x1012 497 Extension of previous work.s A 10-15% correction was made
for the effect of secondary reaction 6.
OH + CgHy — products (6)
Author derived the expression k) = 7.24x1012exp(-679/'1‘) em?
mo17's™ over the temperature range 300-500 X after combining
these data with corrected data from Ref. 8.
Quoted by Refs. 21,23,27,29,30,36,62 and 63.
Used by Refs. 43,46,47,56 and 61.
E; quoted by Refs. 40 and 53.
- - BALDWIN and WALKER 197324

Theoretical determination of activation energy using
exothermicity of reaction.

Authors obtain E; = 5.9 kJ mol™} (1.4 keal mol”l).

5.0x10%1 298 BRADLEY, HACK, HOYERMANN and WAGNER 197327

Discharge flow system. H2(<1'.4)/He mixtures at 200-413 Pa
pressure. NO, added dowustream, Cqlig further downstream so
that [C3H8]:[0H] varied from 1.8:1 to 10.1:1. [OH] mounitored
by eeSsrse Spectroscopy, [HZO], [CH30H]. [G3H70H], [63}15],
[c,u50H], [C2H3CH0] by t.o.f. mass spectrometry.

Mass spectrometry results used to establish stoichiometry of
the recaction, the t.o.f. inetrument being preferred as it
minimised effects of adsorption of species at the wall. An
observed rate constant k .. = 2.56x1012 c:m:‘}mol-]‘s-'1 was
obtained, with a ctoichiometry of 5.3, giving the gquoted value
of kys
Quoted by Refs. 34,62 and 63.

1.33x10!2 298 GORSE and VOLMAN 197427

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

voLMAN 197533
Photolysis of HZOZ(S.BX) in the presence of 02(34.42)/00
mixtures at a total pressure of 2.10 kPa. CyHg added at 21.3-

206 Pa. [COZ] measured by gas chromatography.
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OH + C3H3 d C3H7 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -l -] Reference and Comments
k/cm”mol™ s T/K
Suppression of [CO0,] yiald observed when CyHy added, giving
the ratio k1/k7 = 14.3 at 298 K. Taking a value of k7 from the
literature (no reference given) they obtained the quoted value
nf 1«1-
CO + OH ——mCO, + H N
OH + CBHB ———PC3H7 + HZO (1)
Quoted by Refs. 38,45,62 and 63.
Used by Ref., 54,
Using our expression for k; (Vol.3, p.203), we obtain ky =
1.27x101? em3mo1™ts™L.
1.33x1012 381 GORDON and MULAC 197528
1.15x1012 416 Pulse radiolysis of Hy0 at 101.3 kPa (1 atm.) pressure in
the presence of C3H8(132—1080 Pa). [0OH] monitored by u.v.
absorption spectroscopy at 308.7 nm.
Correction made for disappearance of [0H] in the absence of
CqHg from authors' own experiments.
Quoted by Ref. 62.
1.19x1012 329 HARKER and BURTON 197530
Photolysis flow system. Hg photosensitisation of N,0(5.7-
100%)/He or NZ mixtures at 253.7 nm at total pressures of
(13,3-46.7 kPa) in the presence of C3H8(13.3~533 Pa). {OH]
monitored by u.v. absorption spectroscopy at 308.2 and 309.0
nm.
Experiments conducted at 313 K, but localised heating in the
flow tube caused the average temperature to be raised to 329 K.
O atoms produced by Hg photosensitisation of NQO, which then
react with CqHg.
Hg(63P)) + N,0 —>Hg + 0 + N,
0 + CgHg —>CyH; + OH (8)
OH + CyHg > Cafly + Hy0 ¢}
From {OH] decay along the flow tube, authors were able to
calculate k; and kg, No evidence was found for the occurrence
of reaction 6.
OH + CqH; ~—» products (6)
Quoted by Ref. 62.
- 653 HUCKNALL, BOOTH and SAMPSON 19753l

Static system. OH produced by decomposition of 1.33 kPa
H202 in (a) 02/N2 mixtures at a total pressure of 5.33-66.7
kPa; {b,c) 02(207,)/N2 mixtures at a total pressure of 40 kPa.
(a) C2H6/C3H8 mixtures (1l:1, 4:1, 1:4) added up to 667 Pa

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CgHg g C3H7 + H20

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
lc/c11|3x11<11"]‘s"1 T/K Reference and Comments
pressure: (b) CaHg/n=CuH g mixtures (1:1) added np to 287 Pa
pressure; (c) CyHg/is0-C4H; o mixtures added up to 225 Pa
pressure. Aged boric acid coated vessels. [H,0,] monitored by
permanganate titration, stable products by gas chromatography.
The C2H6/C3H8 co-oxidation was the most extensively studied,
over a wide range of pressures. k1/k9 = 2.18 at 653 K
obtained.  Using our expression for kg (this paper) we obtain,
k= 3.92x10'2 cmdmo1™ls7h
OH + CyHg = CyHg + Hy0 (9
From the CaHg/C,H, 5 co~oxidation, authors obtained kyq/k; =
1.54 and ky,/k; = 1.28 at 653 K.
OH + n‘CQHIO — n'C&HQ + H20 10
OH + iso~C,Hyn = 180-C,Hq + Hy0 (1
Interference by HO, reactions discussed.
Quoted by Ref. 62.
1.22x10% 295 OVEREND, PARASKEVOPOULOS and CVETANOVIC 197533
Flash photolysis of H,0(0.5%)/He uixtures at 66.7 kPa
pressure in the presence of CzHg(0-253 Pa). [OH] monitored by
u.v. absorption spectroscopy.
Results confirmed using flash photolysis of N,0 in the
presence of Hy to produce OH.
N,0 + hy —» Ny + o(n) (12)
Hy + 0(}D) — H + OH (13)
A computer simulation showed the only competing reaction to be
reaction 6. Authors assumed kg = collision frequency.
OH + CyHy = products (6)
Quoted by Refs. 55,60,62 and 63.
- 300 DARNALL, ATKINSON AND PITTS 1978%%

J. Phys, Chem. Ref. Dala, Vol. 15, No. 2, 1986

Static system. NOx/air/C3H8/n-C4H10 mixture irradiated at
atmospheric pressure. Concentration of alkanes measured by gas
chromatography.

Previous work39’50 has shown that alkane loss in this system
is due solely to the reaction,

OH + RH —» H,0 + products
and relative alkane concentrations at various times reflect the
relative rates of Lhese reactlons. kl/klo = .58,
OH + C4Hg = CqH; + H,0 (1)
OH + n-C,H;q — n-C4Hg + Hy0 (10)
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OH '+' C3H8 — C3H7 "|" Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature

3 -1 -] Reference and Comments
k/em”mol s T/K
Using kg = 1.64x10'2 v::mamol_ls“1 from Ref. 37, authors obtain
ky = (9.6:1.3)x101! ca’morls™L,
Quoted by Ref. 63.
- 299 ATKINSON, ASCHMANN, CARTER, WINER and PITTS 198278
Static system. Mixure of CH40NO/NO/air/CsHg/n-C,H,
irradiated at 2290 nm. Reactants monitored by gas
chromatography.
NO added to reaction mixture to minimize formation of 03.
ky/kjg = 0w47. 1Using kg from Ref. 59, & value of ky =
(7.3+0.2)x10M emmo17ls™! is obtained at 299 K
2.6x10%72*8exp(310/T) 3002000 conen 198261
Theoretical expression derived using transition state theory
and experimental data of Refs. 8 and 15.
- 428-696 BAULCH, CRAVEN, DIN, DRYSDALE, GRANT, RICHARDSON, WALKER and
WATLING 198352
Static system. Photolysis of H,0(1.6-3.8 kPa) in the
presence of C4Hg/CO where [C3HB]/[C0] in the range 0.021-2.4,
Total pressure <13 kPa. COy yields measured by gas
chromatography.
Formation of €O, from reaction 7 was found to be constant
and independent of [CO]/{H,0] above a ratic of about 0.2 using
fixed photolysis times and constant [H,0].
CO + OH — CO, + H {7
OH + CgHg —= CqH; + H,0 n
A small amount of CO, obtained in the absence of photolysing
light was assumed to be thermal in origin. Taking ky from
Ref. 26 we obtain klxlo-lzlcm3mol_ls—l = 1.15(428 K), 1.69
(489 K), 1.71(538 K), 2.42(589 K), 2.87(641 K), 4.28{696 K).
6.3x10}1 297 TULLY, RAVISHANKARA and CARR 198353
8.9x1011 326 Flash photolysis of H,0/CqHg/Ar mixtures in slow flow
1.9x10%2 378 reactor. All experiments at 13 kPa pressure of Ar and
Z.Oxlolz 469 [C3H8])>[0}1]. [OH] monitored by resonance fluorescence.
2.9x1012 554 The expression, k; = 9.57x108T1'b0exp(—428/T) cmamol“ls“1
3.3x1012 59U was derived from the experimental Arrhenius points.

Separation of OH-propane reactivity into primary and secondary
H-abstraction channels obtained approximately using results for

CZHG in same study.
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OH + C3Hg m—— CgH'] + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/cm’mol ‘s T/K
1.58x1013 1220 BOTT and COMEN, 19845

Shock tube study. T-butyl hydroperoxide (40 ppm)/C338 (0~
360 ppm)/Ar mixtures at total pressure of 6.67 kPa shock heated
to temperatures between 1193-1250 K. T-butyl hydroperoxide
chosen as OH source because of rapid dissociation in this
temperature region. [OH] monitored by absorption spectroscopy.

The quoted value of k; 1s in good agreement with a
calculated value of 1.53x1013 cm® mol™ls™! at 1220 K, derived

61

from an expression by Cohen which is based on other

experimental results and transition state calculations.

REVIEW ARTICLES

1.6x10 exp(-1580/T) 300-800

7.41x1011 298

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

KAUFMAN 19691
Review of elementary gas reactions.

Quotes Ref. 8.

DRYSDALE and LLOYD 1970!%
Evaluation. Based on Refs. 4 and 8. Authors note that both
n—C3H7 and iso-C4H, are formed in reaction 1.
OH + Cglg = CyH, + Hy0 (1)
In view of the dearth of data, they place no confidence in
their expression.
Used by Ref. 4l.

ZAFONTE 197018
Preferred value.

Quotes Ref. 15. No other values compared.

CAMPBELL and BAULCE 197222
Review of atomic and bimolecular reactions.

Quotes Ref. 12, Authors also discuss the data from Refs. 8
and 15.

KERR 197636
Review of H atom transfer reactions..
Quotes Ref. 15.
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OH + CgHg d C3H7 + H20

REVIEW ARTICLES

- CONTINUED

Rate Constant

k/cndmo1 ™1™ T/K

Temperature

Reference and Comments

ATKINSON, DARNALL, LLOYD, WINER and PITTS 19798

Review of gas phase reactions of OH with organic compounds.
Quotes Refs, 15,25,27,28,30,33 and 44.
Quoted by Ref. 51.

WESTLEY 198157

Compilation of data for combustion reactions.
Quotes Refs. 25,27,28,30,31 and 33.

0.4T7*%exp(590/T) 300-2000

Evaluation.

6.3x101 2exp(~590/T) 300~1000

COMEN and WESTBERG 198353

Based on Refs, 15,25,28,30,31,33,35,44 and 49.

WARNATZ 198566

Evaluation. Considers data or Refs. 15,25,28,30,33 and 44,

Recommended expression based on specific rates of attack on the

various types of C~H bond in the molecule.

67

Discussion

Although there are fewer data available on the reaction
between hydroxyl radicals and propane than on the corre-
sponding reactions with methane and ethane, the agreement
between experimental rate constant values is generaily good.
Two possible reaction paths are available:

OH + C,Hg—n-C,H,, + H,0, (1a)
OH + C;Hg—iso-C,H, + H,0. (1b)

The relative importance of these two channels was investi-
gated by Baker ez al.," using a gas chromatographic analysis
of the products from their H,/0,/C,H, system. Although
the ratio &y, /k |, = 1.2 was obtained at 753 K, the authors
do not recommend this value. All other data are for the over-
all rate constant k| — (k,, + k&,,) and in this discussion
only k, is considered:

OH + C,Hy—C,H, + H,0. (1)

Absolute rate constunts were determined by flash pho-
tolysis,®'>**¢* pulse radiolysis,?® discharge flow,? photoly-
sis flow,® and shock-tube study.®

Many of the data points were obtained at or around 300
K. The observed rate constants of Bradley et al.>> were cor-
rected for a stoichiometry of 5.3, giving, &, = 5.0 10"
cm® mol~' s~ ! at 298 K. This value is, however, lower than
other results measured in this temperature region, and be-

cause of the doubts pertaining to the stoichiometry used, it is
rejected. Gorse and Volman*’ measured the rate constant
ratio k,/k, at 298 K and calculated k, using a literature
value of k5

OH + CO—CO, + H. (7)

Although their value of k, is in good agreement with the
flash photolysis work of Overend et al.> at 295 K, both are
considerably higher than other rate constant data for reac-
tion (1) at ambient temperatures.

The values of &, proposed by Darnall et al.** at 300 K
and Atkinson et al.>® at 299 K were both determined from
the measured ratios of k,/k, using ko from Refs. 37 and 59,
respectively:

OH + n-CH,,—n-C,H, + H,0. (10)
Their values of k, are consistent with the flash photolysis
results given by both Greiner®'3 at 298 K and Tully et /.5 at
297 K. On the basis of the data in Refs. 8, 15, 44, 58, 63 we
recommend a value of

ky=7.9%10" cm® mol~! 5!

at 298 K with error limits of A log k = + 0.12.

In the intermediate temperature region, Greiner®'® de-
rived the expression £k, =7.2Xx10"%exp( —679/T)
cm® mol~! s™! over the temperature range 300-500 K, us-
ing results obtained from flash photolysis experiments. The

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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secondary reaction (6),
OH + C,H,—products, (6)

was considered to have a significant effect on the rate con-
stants and a correction of 10%-15% was made for each val-
ue of k, measured. Harker and Burton®® found no evidence
to suggest the occurrence of reaction (6) in their photolysis
flow system and their value of k, given at 329 K does not
agree too closely with that of Greiner. The rate constanis
determined by Gordon and Mulac®® in pulse radiolysis ex-
periments are in better agreement with those of Greiner, as
are the relative rate constant measurements of Baulch ez
al.,%% in which k, was derived over the temperature range
428-696 K from k,/k,, taking k-, from Ref. 26.

In a recent flash photolysis study by Tully et a/.,%® abso-
lute values of k, were obtained over the temperature range
297-690 K. Their resulis are in good agreement with the
majority of other data over the same temperature range.
The expression ky=9.6X108T"* exp( — 428/T)
em® mol ™! s™! was derived from the experimental Arrhen-
ius points from Ref. 63.

There are few available data at temperatures greater
than 700 K. Baldwin®® measured the rate constant ratio k,/
k;at 793 K:

H, + OH—H,0 + H. (3)

In later work,'>'® a vatue of k,/k; = 21.5 at 753 K was ob-
tained and was later corrected for the effects of self-heating
to give k,/ky =199 at 753 K.** Using k; trom Ret. 49,
ky=3.7x10" cm® mol~'s™ 1,

Recent shock-tube work by Bott and Cohen® has pro-
duced data at combustion temperatures, giving
ky = 1.58X 10" em® mol~* s~ at 1220 K. This is in excel-
lent agreement with Cohen’s theoretical value of
k, = 1.53x 10" cm® mol~! s—! at the same temperature.®*

In an early attempt to evaluate kinetic data for reaction
(1), Drysdale and Lloyd' drew a simple Arrhenius plot
based on the results from Refs. 4 and 8. Since the high-tem-
perature value given by Baldwin* had not at the time been
corrected for the effects of self-heating, their Arrhenius
expression is unreliable. With the subsequent availability of
more experimental data, it became evident that a two-pa-
rameter Arrhenius expression is not sufficient over a wide
temperature range. A more recent calculation by Cohen®
gives

ky = 2.6 X10*T*® exp(310/T) cm®mol~!s~7,

over the temperature range 300-2000 K. The corresponding
Arrhentius plot shows pronounced curvature, particularly at
high temperatures. Near 2000 K, £, is an order of magnitude
larger than that implied by a linear exptrapolation based on
data between 300-500 K. Indeed, curvature is not unexpect-
ed since the relative contributions of the two reaction paths
(1a) and (1b) will change with temperature. Cohen’s
expression, based on experimental data®'® and transition
state calculations, was later revised® by a factor of 1.26°®7
to incorporate Tully’s new data.®?
In this evaluation we recommend the expression

kl . (kla + klb)
= 1.1 X 10*°T > exp(390/T) cm®mol™'s~7,

J. Phys. Chem. Ref, Data, Vol. 15, No. 2, 1986

over the temperature range 290-1200 K, with error limits of
Alogk = +0.12 at 300 K, rising to an error in log k£ of

+ 0.3 above 1000 K. Since the rate equation given is the sum
of two Arrhenius expressions, any single value of activation
energy or pre-exponential factor derived from this empirical
expression will have no physical significance and therefore
we do not recommend any rate parameters.
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6, OH + n'C4H1o —> C4H9 + Hzo

THERMODYNAMIC DATA

OF + n--CAH10 ——-l-n-CAHQ + HZO
No thermodynamic data available for n*Cl‘Hg
OH + n=CyHy o = s-C,Hq + Hy0
AHgg= ~102.05 kJ mol”!(-24.39 keal mol™)

RECOMMENDED RATE CORSTANT

k = 1.0 x 109713 cnlmo1~ls!
= 1.7 x 10713713 cpdnoleculels™
Temperature Range: 300~750 K
Suggested Error limits for Calculated Rate Constant:
Alog k = +0.11 at ‘300 K, rising to dlog k = +0.3 at 750 K.

Rate Parameters: See Discussion.

EXPERIMENTAL DATA

Rate Constant Temperature
3 el -] Reference and Comments
k/em”mol™"s T/XK
5.8x1013 793 BALDWIN and WALKER 19644

Static system. H2(7-56Z)/02(7—562)/N2 mixtures at total
pressures of approximately 12 kPa. <0.1% n—Cl‘}{lO added. KC1l-
coated vessels. Reaction_followed manometrically, products
estimated by separation with various freezing mixtures.

Inhibition by n=-C,H;, of 2Znd 1limit of H2/02 reaction.
Authors ftound reaction Z to be main source of removal of

“'CAHIO and assumed reaction 1 important secondary source by

analogy with similar work on propane.3
OH + n—CzH) 5 —> C4Hg + Hy0 (1)
H + n-C;H; g —® C4Hg + Hy (2)

Assuming all C,Hg radicals undergo termination reactions,
authors obtain k;/ky = 36.0. Taking k3 from Refs. 1 and 2,
they give the value of kl quoted. Using our expression for kg
(Vol. 1, p. 77), we obtain k; = 3.02x1013 cm3no17ts™) ar 793 k.

Hy + OH —= H,0 + H (2)
Quoted by Refs. 5,7,11 and 13.

2. 4x1013 753 BAKER, BALDWIN and WALKER 1970°
Revised to BALDWIN, BENNETT and WALKER 197739
4.,9x1012 BALDWIN and WALKER 1979%43

Static system. 32(7-85?6)/02(7~92Z)/N2 mixtures at total
pressures of 33.3-89.1 kPa. <1%Z n—C,H,, added. Aged boric

acid coated vessels. [HCHO] determined colorimetrically, other

J. Phys. Chem. Ref, Data, Vol. 15, No. 2, 1986
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OH + n-C4H10 —> C4Hg + HQO
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EXPERIMENTAL DATA

@ Baldwin and Walker 1964 (From k/k;)?
greiner 197012
Morris and Riki 1971 (From k,/k;)16
stunt 197321
Gorse and Yolman 1974 (From kllk8)24
Campbell et al. 1975 (From k,/kg)28
Gordon and Mulac 197529
Hucknall et al, 1975 {From k,/kg)31
Perry et al. 197638
Baldwin and Watker 1979 (From k/k4)*3
Paraskevopoulos and Nip 193046

POOPLEEOO x »

REVIEW ARTICLES
+ Wilson 1972 {see Ref. 19}
W Demerjian et al, 197422
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OH + n-C4Hqo — C4Hs + H20

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 =} =1 Reference and Comments
k/cu’mol s T/K
products by gas chromatography.
Investigation of the effect of n-C,H;q on the slow H?_/O‘Z
reaction. Evidence from gas chromatography showed reaction 2
to be more important than reaction 4 and authors were able to
give the ratio kl/k3 = 34.0 at 753 K.
HOp + n-CjH;q —» C,Hg + Hy0, (4)
Taking ky from Ref. 8 authors obtain quoted value of k.
Quoted by Refs. 15 and 20.
Used by Ref. 31.
Authors later made corrections for effects of self-heating,39
obtatning k /ky = 13,2 at 753 K. Using ky = 1.28x1087!*2exp
(-1480/T) cw3mol ™ 's™! derived by Baldwin and Waiker,%> gives
revised value of kq.
1.54x1012 298 GREINER 197012
1.56x1012 301 Flash photolysis of H,0(1%)/Ar mixtures in the presence of
1.68x1012 336 n-C4H)g at 10.6-25.7 Pa pressure. [OH] monitored by u.v.
1.78x1012 373 absorption spectroscopy at 306.4 nm.
2.92x1012 425 A correction of 10-15% made to observed rate constants for
2.48x1012 428 the effect of reaction 5.
2.95x1012 495 OH + CyHg —» products (5)
Author derived the expression ky = 8.5lx1012exp(—523/T) cm3
moll.-ls"l over the temperature range 300—-300 K.
Quoted by Ref. 49.
Used by Refs. 42,45,47,48 and 50.
- 300 MORRIS and NIKI 197110

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Discharge flow system. H2/He mixtures at 133 Pa pressure,
N, added douwnetream, “'Cn“m added further downgtream so that
[0H]>>[n—CQH10]. [OH] and {“"043101 determined by mass
spectrometry.

{oH] and [n-C,H,,] measured at various points along the flow
tube and compared with similar measurements made in a previous
study for reaction 7.17
OH + CqHy ~ products (7)
Authors obtain k,/k; = 0.24 at 300 K. stuh1?! uses the value
of ky from Ref. 17 to obtain k; = 2.5x10'% cmdmo1™ls™,
This value is plotted on the Arrhenius diagram.

OH + n=C,H o =~ C,Hg + Hy0 ey
Quoted by Refs. 25 and 38.
Used by Ref. 37.
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OH + n'Cquo > C4H9 + Hzo

EXPERIMENTAL DATA - coNTINuED

Rate Constant Temperature
3 el -1 Reference and Comments
k/em mol '8 T/K
1.41x10'2 298 sTURL 19732}

Flash photolysis of H,0(0.25%)/He. mixtures at a total
pressure of 2,67 kPa in the presence of n-C,H;q(240~1067 wPa).
[OH] monitored by resonance fluorescence.

Quoted by Refs. 23,30,32,34 and 38.

Used by Refs. 37,47,48 and 50.
1.8x1012 298 GORSE and VOLMAN 197424

VOLMAN 197533

Static photolysis of Hy05(5.9%)/0,(34.4%)/CO mixtures at a
total pressure of 2.10 kPa in the presence of n~C,H,,(17.3-827
Pa). [CO,] monitored by gas chromatography.

Suppression of {CO,] yield observed in the presence of
n-CiH g, giving k)/kg = 19.4 at 298 K. Taking a value of kg
from the literature (no reference given), authors obtained the
quoted value of kj.

CO + OH =i COZ+H (8)
A value of ky = 1.6x1012 cndmo1™s™! is obtained in Ref. 30
using a value of kg from that work.
Quoted by Refs. 38 and 4l.
Used by Ref. 37.
- 753 BAKER, BALDWIN, FULLER, and WALKER 197527

Static system. 52(20.9-852)/02(10.5-717:)/N2 mixtures at
total pressures of ©6.7-89.1 kPa. n-CyH; 5 added at a pressure
of 667 Pa. Aged boric acld coated vessels. [HCHO) estimated
colorimetrically, other products by gas chromatography.

Authors studied product yield from addition of n=C H g to
slowly reacting HZIOZ mixtures. Assuming that CoH, was
produced only by decomposing n-C,Hg radicals and that kh/ka is
the same for 0 or H atoms or OH radicals, authors applied a
computer analysis to [C?_H,‘] production and {n~CuH,q]
disappearance to give klb/kla = 2.2 at 753 K.

X+ n=C4Hjq —= n-C4Hg + HX (a)
X 4 n=CuH g —= o-CuHg + HX (b)
(where X = 0, H, OH).
This compares with klb/kla = 2.25 derived from empirical

caleulationse in earlier work.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + n"C4H1O - C4H9 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cmsmol—ls_l /% Reference and Comments
- 292 CAMPBELL, HANDY and KIRBY 197528

Static system. Hy04(0.16%)/N0o(1%)/CO/n-CsH)y mixtures at a
total pressure of 13.3 kPa. [n—Cl’Hlo]/[CO] varied between
0.005:1 and 0.08:1. [002] determined by gas chromatography.

OH produced by reaction 9, suppression of [CO,] yield by
n-C,H; 4 observed.

Ho0y + NO, ——» OH + HNO4 (9)
Authors derive ratio ky/kg = 14.8 at 292 K. Using our
expression for kg (Vol. 3, p. 203), we obtain ky = 1.30x1012
em3mo1~ls™l, The only other reaction of note in the system is
reaction 10, the effect of which was determined in runs in the
absence of n-CgH,q.
OH + n-C4H g —— C4Hg + Hy0 (n
CO+0H-———-C02+H (8)
N02+OH +M——-D—HN03 + M (10)
Quoted by Ref. 38,
2,54x1012 298 GORDON and MULAC 19752
2.50x1012 381 Pulse radiolysis of Hy0(1.39-100%)/Ar mixtures at total
3.0011:1012 416 pressures of 96.,0~101.3 kPa in the presence of n*Cl‘Hlo at 66.7-
328 Pa pressure. {OH] monitored by u.v. absorption
spectroscopy at 308.7 om.

The runs ot 381 and 416 K werc under the standard conditione
used for other hydrocarbons viz. 100%Z H,0 at 101.3 kPa.
pressure. For the run at 298 K, the Hy0 was diluted with Ar.
Quoted by Ref. 38.

- 653 HUCKNALL, BOOTH and SAMPSON 19753}

J. Phys. Chem. Ret. Data, Vol. 15, No. 2, 1986

Static system. OH produced by decomposition of H202(3.337L)
in 02(207;)/}12 mixtures at a total pressure of 40 kPa. 1:1
C3H8/n-04H10 mixtures added up to 267 Pa pressure. Aged boric
acid coated vessels. [HZOZ] determined by permanganate
titration, stable products by gas chromatography.

Authors obtained k)/kg = 1.54 at 653 K. Using our
expression for kg (this paper) we obtain k; = 5.4):1012
emdmo1~ts™L,

OH + n-C H;q = C Hg + Hy0 (1)
OH + CqHg — CqHy + H,0 (6)
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OH + ﬂ'C4H1o — C4H9 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -] -] Reference and Comments
k/em'mol T T/X
1.63x1012 298 PERRY, ATKINSON and PITTS 197638
2.12x1012 351 Flash photolysis of H,0(0.02%)/Ar mixtures at total
2.81x10%2 420 pressures of 6.7 kPa in the presence of n-C,H,5. [OH]

monitored by resonance fluorescence.

Authors derive the expression kl = 1.06x1013exp(-560/T)
Ls=) from the data

OH + n-C,H;q — C,Hg + H,0 (1)
Quoted by Ref. 44.
Used by Refs. 40,47,48 and 50.

er’mol”

1.61x10!2 297 PARASKEVOPOULOS and NIP 1980%6
Flash photolysis of N,0(10%)/H,(1.0%)/He mixtures at total
pressure of 6.7 kPa in the presence of n-C 0} 4(<0.5%). {CH}
monitored by resonance fluorescence.
Kinetic lsotope effect observed when H replaced by D in the
butane. No significant effect if OH replaced by OD.
Used by Refs. 47,48 and 50.

2.5%10512* 2exp(390/T) 300-2000 COMEN 198230
Theoretical expression derived using transition state theory

and experimental results of Refs. 12,21,38 and 46.

REVIEW ARTICLES

- - DRYSDALE and LLOYD 197011
Review of gas phase OH radiral reartions.
Quotes Ref. 5.

2.34x1012 298 ZAFONTE 19704
Preferred value. Attributed to Greiner.lz
Quoted by Ref. 25.

- - CAMPBELL and BAULCH 197218

Review of atomic and bimolecular reacticns. Quotes Ref. 9.

Authors also discuss the data from Ref. 12,

J. Phys. Chem. Ref. Data, Yol. 15, No. 2, 1986
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OH + n‘C4H1o e C4H9 + Hzo

REVIEW ARTICLES - CONTINUED

Rate Constant

k/emdmo1~ st

Temperature
T/K

Reference and Comments

2.45%1012

2.65x1012

1.5x1012

1.8x1012

2.57x105T2* Sexp(390/T)

9.0x1012exp (~530/T)

208

298

298

305

300-2000

300-1000

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

WILSON, quoted by HECHT and SEINFELD 197219
Selected value for use in smog chamber photo-oxidations. No
details available of how kl was selected. Chosen value higher
than that determined cxperimentally at room temperature (c.ofe
Ref. 22).
OH + n-CI‘HlO — Cl‘Hg + HZO_ (1)

DEMERJIAN, KERR and CALVERT 197422

Selected value for use in smog chamber photo-oxidations.
Authors claim value of rate constant refers specifically to
reaction la, and is about twice the value obtained by Greinerlz
for the overall ky. This they consider to be within the
bounds of experimental error.

OH + n=C;H;q — n-C,Hg + H,0 (la)

Quoted by Ref. 25.

ANDERSON 197634
Selected value for use in atmospheric chemistry is that of
Greiner.!? Also quotes Ref. 21. No criteria for selection

given.

KERR 197636
Review of H atom transfer reactions.
Quotes Ref. 12.

LLOYD, DARNALL, WINER and PITTS 197637

Mean value for use in OH + hydrocarbon studies taken from
Refs. 12,16,21 and 24.
Quoted by Ref. 26.

ATKINSON, DARNALL, LLOYD, WINER and PITTS 197951
Review of gas phase reactions of OH with organic compounds.
Quotes Refs. 12,16,21,24,28,29 and 38.

COHEN and WESTBERG 198372
Evaluation. Based on data from Refs. 12,16,21,24,28,29,31,
38,43 and 46.

WARNATZ 198573
Evaluation. Considers data of Refs, 12,21 and 29.
Recommended expression based on specific rates of attack on the

various types of C-H bond in the molecule. 5%
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OH + n"C4H1o — C4H9 + HZO

[SOTOPIC REACTION 0D + n-CyHjg

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/cmmol™ s T/K
1.66x1012 297 PARASKEVOPOULOS and NIP 198040
Flash photollysis of N20(20%)/DZ(2.OZ)/HE mixtures at total
pressurc of 6.7 kPa in the preocnce of “'CQH].U((‘O‘S%)‘ [op]
monitored by resonance fluorescence.
Ko significant kinetic isotope effect observed when OH
replaced by 0D. kOH/kOD = 0,97,
I1SOTOPIC REACTION OH + n-CyDyg
4.20x10!! 297 PARASKEVOPOULOS and NIP 198046
Flash photolysis of N20(102’.)/H2(1.0%)/He mixtures at total
pressure of 6.7 kPa in the presence of n-C,D;,(<2.7%). [OH]
monitored by resonance fluorescence.
Kinetic isotope effect observed when H replaced by D in
n-butane. kH/kD = 3.83.
ISOTOPIC REACTION OD + "“CHDIO
4.84x10M! 297 PARASKEVOPOULOS and NIP 198048

Flash photolysis of NZO(ZO%)/DZ(Z.OZ)/He mixtures at total
pressure of 6.7 kPa in the presence of “"04010«2‘5%)' [oD]
monitored by resonance fluorescence.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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Discussion

Two reaction paths are available for the reaction
between OII and r-butane:

OH + n-C,H,;—n-C,H, + H,0, (1la)
OH + n-C,H,—s-C,H, 4+ H,0. (1)

The only experimental information on the relative rates of
these paths comes from Baker et al.,”” who give &,/
ki, = 2.2 at 753 K. In deriving this result a number of as-
sumptions are made that require checking. All other data are
for the overall rate constant k&, = (k,, + k,,) and in this
discussion only &, is considered:

OH + n-C,H,,—~C,H, | H,0. (1)

At temperatures below 500 K there are absolute studies
by flash photolysis'>*"**4¢ and by pulse radiolysis.”® At
room temperature the flash photolysis measurements are in
good agreement but the value of k; from pulse radiolysis
appears much too high. The conditions used in the pulse
radiolysis at 300 K were different from those used in similar
work at > 400 K, where the results seem more acceptable. 1t
may be that this change in conditions (large excess of inert
gas for the 300 K work) has led to less reliable results.

The remaining data at around 300 K come from relative
rate measurements.'52*?® Of these, the results of Gorse and
Volman®* and Campbell ez al.?® agree well with the absolute
data. In the flow discharge study of Morris and Niki,' k, is
derived from the ratio k,/k,, which, because of doubts con-
cerning the possible pressure dependence of &, must have
considerable uncertainty associated with it and is not consid-
ered further.

Based on data from Refs. 12, 21, 24, 28, 38, and 46 we
recommend a value of

ky, =1.6%102 em®* mol—!s™!
at 298 K with error limits of Alog k = +0.11:
OH + C,;H¢—products. (7

The two sets of flash photolysis results'>* extend to
higher temperatures and are generally in good agreement
but with one set diverging slightly from the other so that they
differ by 20% at 420 K, at which temperature one set fin-
ishes, the other extending up to 500 K.

At higher temperatures there are only the results of
Hucknall et al.*! at 653 K and of Baldwin et al.>® at 753 K.
Both are relative measurements. The early values of k,/k,
obtained by Baldwin e q.>*° appeared an order of magnitude
higher than might have been expected:

OH + H,H,0 + H. (3)

Correction of these results for self-heating and effects of mi-
nor reactions lowers the value to an acceptable level.*>** The
ratio k,/k, has been combined with the value of £, recom-
mended by Baldwin and Walker* to give the point plotted
on the Arrhenius diagram. This procedure when applied to
the analogous results for ethane and propane gives rate con-
stant values which compare favorably with absolute results
at about 750 K. In the case of #-C,H,, such a comparison is
not possible but the value of k, obtained can be reconciled
with an extrapolation of the results from lower temperatures

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

and despite the complexity of the reaction system we accept
this result from Baldwin et al. with the same level of confi-
dence that we assigned to the analogous results for ethane
and propane. The work of Hucknall et al.>* is in a similar
category. The value of k,/k, when combined with our rec-
ommended value of k, (this paper) gives a value for k, that
must have a considerable uncertainty associated with it but
is reasonably consistent with the lower temperature results,

OH + C,Hy—C,H, + H,0. (6)

The rate expression for k, should consist of the sum of
two Arrhenius-type expressions, one for each of the reaction
paths (1a) and (1b). We would therefore expect the result-
ing Arrhenius plot to show a degree of curvature because of
the very different activation energies of the two paths. The
scatter on the experimental data is such that the extent of
curvature is uncertain and the data. could just as well be
fitted to a straight line. We have, however, chosen to fit the
data to an empirical expression of the form
ky=AT "exp(B/T). A computer fit through the best data
points gives the empirical expression

k, = 1.0X10°T"? exp( — 18/T) cm®* mol ™' 5™,

between 300 and 750 K. Since the exponential term is small
and contributes < 6% to the expression over this tempera-
turerange, it may be excluded. Based on rate data from Refs.
12, 21, 24, 28, 38, and 46 at around 300 K and the higher
temperature work in Refs. 12, 29, 31, 38, and 43, we there-
fore recommend the expression

ky=1.0X10°T"? cm’ mol~'s™’,
over the temperature range 300-750 K with error limits of
Alog k= +0.11 at 300 K, rising to an error in log k of

+ 0.3 at 750 K. This may be compared with a recent expres-
sion given by Cohen,™

ky=2.6X10°T* exp(390/T) cy’ mol ™ *s ™7,

between 300 and 2000 K. Cohen’s expression is based on
data from Refs. 12, 21, 38, and 46, and transition state calcu-
lations,

Because the rate expression is in reality the sum of two
Arrhenius expressions, any single value of E, or pre-expo-
nential factor derived from our empirical expression will
have no physical significance and therefore we quote no rate
parameters.
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7. OH + iSO"C4H10 —> C4H9 + Hzo

THERMODYNAMIC DATA

OH + iso—C4H10 —_— j.S()"Cal]Q + H,0

No thermodynamic data available for is0-ChHg

OH + is0-C,H;p —t~C Hg + Hy0
4HGgg= ~114.60 kI mo1™! (-27.39 keal mo1™)

RECOMMENDED RATE CONSTANT

k = 1.9 x 10373+ dexp(260/T) cn3mol™ls™
= 3.2 x 1072173 Loyp(860/T) em’molecule ts™!
Temperature Range 290-750 K

Suggested Error Limits for Calculated Rate Constant:
blog k = +0.12 at 300 K, rising to Alog k = #0.3 at 750 K.

Rate Parameters: See Discussion.

EXPERTMENTAL DATA

Reference and Comments

Rate Conatent Temperaturc
k/em3mo1 e TIK
3.2%1013 793
1.28x1012 297

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

BALDWIN and WALKER 1964%

Static system. Rz(?—SGZ)fﬁz(\T-SQTQWNZ nizxtures at total
pressures of about 12 kPa. <0.1% iso~C,H; o added. KC1 coated
vessels. Reaction followed wanometrically, producrs estimated
by separation with various freezing mixtures.

Inhibition by iso-C H;4 of 2nd explosion limit of Hy/0,
reaction., Authors found reaction 2 to be main source of
removal of hydrocarbon and assumed reaction ! an important
secondary source by analogy with previcus work on OH/alkane
reactions.l

OH + 1s0~C H;q —=C Hg + HyO (1
H + iso-CyH; ——C Hg + Hy {2)
Assuming all CL’Hg radicals undergo termination reactions,
authors obtain k1/k3 = 20.0. Taking kg from Refs. 2 and 3 they
glve the value of k; quoted. Using our expression for kg (Vol.
1, pa 77), we obtain ky = 1.7x1013 em3mo17ts™! ac 793 .
HZ*OH ——>H20+H (3
Quoted by Refs. 5,7,13 and 15.

GREINER 1967°
Flash photolysis of HZO(lZ)/Ar mixtures at a total pressure
of 13.3 kPa, in the presence of iso-C,H;, at 33.3-130 Pa

pressure. [OH} monitored by u.v. absorption at 306.4 nm.
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13.0

LOG(K/CMBHOL—ls—l)

12.5

12,0

1000

OH + iSO”C4H1Q — C4Hg + Hzo
T/K

500 400 300

250

T T T
EXPERIMENTAL DATA

Baldwin and Walk:r 1964 (From k1/k3)4

Greiner 19676

Baker et al, 1970 (From ky/k;)12

Recalculated by 3aldwin et &1. 197733 and 197938

Greiner 197014

Gorse and Volman 1972 (From kq/kg)?!

Hucknall et al. 1975 (From k1/k7)28

Wu et al. 1976 (From ky/kg)'l

Butler et al. 1978 (From kyjkg)3®

Darnall et al. 1978 {From k./k;;)3

Trevor et al. 198242

009Q
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~ REVIEW ARTICLES
~ — — Drysdale and Lloyd 197013
~ —~— Cohen 198241

~ This evaluation

1.0

1.5

2.0 2.5 3.0 3.5

10311

4.0

SNOILOV3IH FHNLVHIdWIL-HDIH HO4 v.Lva J1LLANDI QILVNIVAI

evs



544

BAULCH ET AL.

OH + iso-C4H4 — C4Hs + H,O

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cmamol_ls_l /K Reference and Comments
Effect of secondary reactions considered insignificant,
except possibly at very low [iso-C4H10].
Quoted by Refs. 10,14,15,16,18,37 and 40.
Used by Refs. 11,13 and 32..
2.2x103 753 BAKER, BALDWIN and WALKER 1970)2
Revised to BALDWIN, BENNET and WALKER 197733
4.7x1012 BALDHIN and WALKER 197938
Static system. H2(7-852)/02(7—92%)/N2 mixtures at total
pressures of 33.3-89.1 kPa, <1% iso-C,H;, added. Aged boric
acid coated vessels. [HCHO] determined colorimetrically, other
products by gas chromatography.
Investigation of the effect of iso~C4Hlo on the slow Hzloz
reaction. Evidence from gas chromatography showed reaction 2
to be more important tham reaction 4 and authors were able to
give the ratio k) /kq = 31.0 at 753 K.
HOy + iso-CyHyqg = CyHg + Hy0, (4)
Taking kq from Ref. 9, authors obtained quoted value of k.
Combining this value with that from Ref. 6, they obtain the
expression k; = 1.40x10!%exp(-1400/T) em’mo1~1s71,
Quoted by Refs. 19,20 and 22,
Used by Ref. 28.
Authors later made correctlons for effects of self-heating and
refinements to reaction mechanism,33’38 obtaining kl/k3 = 12.6
at 753 K. Using expression for kg derived by Baldwin and
Walker38 glves revised value of kl'
1.54x1012 304 GREINER 197014
1.A2¢1nt2 105 Flach photolysis of H,0(1%)/Ar mixtures in the npracence of
1.81x1012 338 iso-Cl’Hlo at 19.0-49.1 Pa pressure. [OH] monitored by u.v.
1.73x10!2 371 absorption spectroscopy at 306.4 nm.
1.83x1012 374 A correction of 10-15% made to observed rate coustants for
2.15x1012 425 the effect of reaction 5.
2.56x1012 498 OH + CjHy — products (5)

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Author derived the expression k; = 5.25x1012exp(—387/T) cmd

1 over the temperature range 300-500 X, from the

mol™ls”
experimental results.

OH + 1so—04H10 — céﬂg + Hy0 )
Quoted by Refs. 22,27,30 and 34,

Used by Refs. 24 and 41.
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OH + iSO‘C4H1o haad C4Hg + Hzo

EXPERIMENTAL DATA - conTINUED

Rate Constant Temperature
3 a1 -1 Reference and Comments
k/em mol” s T/K
- 208 CORSE and VOLMAN 197221
voLmaN 197527

Static photolysis of H,0,(5.9%)/0,(34%)/CO mixtures at a
total precsure of 2.12 kPa in the presence of ieo—C4H10(0*625
Pa). [CO,) monitored by gas chromatography.

Suppression of [COZ] yield observed in the presence of
iso=C4H g, glving k;/kg = 23.3 at 298 K. Taking kg from Ref. 8
authors obtained k; = 2.1x1012 cadmo1~ls7L.

CO + OH —>» COZ+H (6)
Quoted by Ref. 25.
Used by Refs. 39 and 4\1.
- - BALDWIN and WALKER 197323

Theoretical determination of activation energy from reaction
exothermicity,

Authors obtain E, = 4.2 kJ mol ™ (1.0 kcal mo1™l).

- 653 HUCKNALL, BOOTH and SAMPSON 197528

Static system.. OH produced by decomposition of H,0,{3.33%)
in 04(20%)/N, wixtures at a total pressure of 40 kPa. 1:1
63H8/130—C4H10 mixtures added up to 225 Pa pressure. Aged
boric acid coated vessels. [H202] determined by permanganate
titration, stable products by gas chromatography.

Authors obtained k;/ky = 1.28 at 653 K. Using our
expression for ky (this paper) we obtain ky = 4.5x1012
endmor sl

OH + Calig = C3Hy + H,0 )
- 303 WU, JAPAR and NIKI 197831

Photolysis of NO, at ppm level in NO{ppm)/iso-butane{ppm)/
alr or He/0,(21%) mixtures. NO, NO,, O, concentrations
monitored with NU/’03 chemiluminescence detectors. lse-butane
concentration measured by gas chromatography.

Igo-butane removed by reaction with OH, O and 04 but last
two contrlbute <6% to total decay. Decay race of iso—buctane
compared with that of cis-2-butene leading to kllke = 0.04.

OH + ci5-CHyCH=CHCH, —» products (8)
Using kg from Ref. 26 gives k; = 1.3%101% em3mo1ls7LL

J. Phys. Chem, Ref. Data, Vol. 15, No. 2, 1986
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OH + iSO'C4H1° - C4Hg + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
T/K

k/emPmol " ts™}

Reference and Comments

8.9x10°72*8axp(910/T) 300-2000

1.6ax10!2
2.17x1012
2.18x10%2

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

305

300

267
298
324

BUTLER, SOLOMON and SNELSON 197833
Photolysis of HZOZ(IZ)IHZO(ZZ)/CO(MZ)/iso-CAHm(1%)/02(337.')
/N2(49Z) mixtures. C0, yield analysed by gas chromatography.
Variation of CO, vield with [COl/[iso-C,H;o] attributed to
competition between reactions 1 and 6.
OH + iso=CzH;q — C,Hg + H,0 (1)
CO + OH —» C02+H (6)
Analysis of yields gives kllk6 = 10.6. Correction made for
effects of reaction 9.
“OR + Hy0, —> H,0 + HO, 9
Using our value for kg(Vol. 3, p. 203) gives value of kp =
9.6x101! cm’no1~ls™1 st 305 K.
Used by Ref. 39.

DARNALL, ATKINSON and PITTS 197836

Photolysils of NOx/air /iso*CAHIO(O.OSS-O.OSG ppm) at 100 kPa
total pressure. [iso—C,H|g] monitored by gas chromatography.

Rate of [1so-Ca310] decay compared with rate of decay of
[n~C,H|o] in an analogous experiment; gives ky/kyp = 0.92.

OH + n-C4HIO — HZO + CQHQ (10)

Using our value for Ky, (this paper) gives ky = 1.sx10‘2
en’mo1”ts™! ar 300 k.
Used by Ref. 41.

COHEN 1982°1
Theoretical expression derived using transition state theory

and experimental results of Refs. 14,25 and 36.

TREVOR, BLACK and BARKER 198242

Flash photolysis. O(ID) from the pulsed photolysis of 0y
used to generate OH by reaction with Hy. Total pressure
approximately 1.3 kPa. [{0H) monitored by resonance

fluorescence. k; determined to test system.

REVIEW ARTICLES

KAUFMAN 196910

Review of elementary gas reactions.

Quotes Greiner.6



EVALUATED KINETIC DATA FOR HIGH-TEMPERATURE REACTIONS 547

OH + iSO'C4H1o ad Cqu + Hzo

REVIEW ARTICLES - coNTINUED

tant Te: ature
RateSConila?l mperatd Reference and Comments
k/cm’mol s T/K
8.8x1013exp(~1230/T) 298-793  DRYSDALE and LLOYD 1970%3
Evaluation. Based on data from Refs. 4 and 6. Noting
cecareity of datra, anthoars place 1irtle confidence in the
expression determined.
1.45x1012 2908 ZAFONTE 197017
Preferred value.
Quotes Greiner.M No other valué given for comparison.
- - CAMPBELL and BAULCH 197220
Review of atomic and bimolecular reactions.
Quotes Baker et al.,l?' and also mentions Greiner's work.s'“
- - KERR 197630
Review of H atom transfer reactions.
Quotes Greiner.w
- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 1979%%
Review of gas phase reactions of OH with organic compounds.
Quotes Refs. 14,25,31 and 35.
2.6x109T2* “exp(590/T) 300-2000 COHEN and WESTBERG 1983%°
Evaluation. Based on data from Refs. 8,28,31,35,35,36 and
44,
5.8x1012exp(~313/T) 300-1000 WARNATZ 198540

Evaluation. Considers data of Refs. 12,35 and 36.

Recommended expression based on specific rates of attack on the

various types of C-H bond in the molecule.“

J. Phys. Chem. Ref, Data, Vol. 15, No. 2, 1986
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Dincussion

The mmponly of fute constant data for the reaction
betwein hydronyl rudicals and iso-butane are derived from
wate constant ratios. Only the flash photolysis results of
Greiner™' and Trevor ef al.*? give absotute values of &,

OH + iso-C,;H,;—C,H,.+ H,0. )

Although no experimental information is available on
- the relative rates of the two reaction paths (1a) and (1b),
both are assumed to be of importance:

OH + iso-C,;H g~+iso-C,H, + H,0, (la)
OH + iso-C,H,~-C,H, + H,0. (1b)
Much of the experimental data was obtained at or

around 300 K. Greiner’s initial vatue® of k, at 297 K did not
take into account the effect of reaction (5),

OH + C,Hy—products, (5)

for which a correction of 10%—-15% was made on results
given in subsequent work. !4

Wu et al. determined a rate constant ratio for the reac-
tion of iso-butane and cis-2-butene with OH radicals.>! Tak-
ing the rate constant for the reaction between OH and cis-2-
butene from Ref. 26, we obtain a value of k, that appears low
compared with Greiner’s absolute resnit.’* Tt must he re.
membered, however, that &, is strongly dependent on the
reference rate constant for which there is considerable dis-
crepancy in the literature. Indeed, if we were to take the rate
constant for OH + cis-2-butene given by Morris and Niki,*
we derive a value of k, that compares very favorably with
Greiner’s value. '

Darnall er al. used a relative method> 1o determine k&,
at 300 K, which is in good agreement with Greiner’s room-
temperature data.’* Their results are based on the well estab-
lished rate constant for the reaction between n-butane and
OH radicals.

Butler et a/.** and Gorse and Volman®'?® used essen-
tially the same experimental technique but obtained values
of k, differing by more than a factor of 2. The use of H,0, as
a souzce of OH radicals in these stndies may have been the
cause of undetected complications. Trevor et al.** made
three absolute measurements of k; between 267 and 324 K.
The values given at 298 and 324 K arenotin good agrceiuent
with other rate constant data for reaction (1) in the same
temperature region. Although there are no comparable data
below 297 K, an extrapolation of our recommended expres-
sion ( given at the end of this discussion ) would fit their value
of k, at 267 K.

On the basis of data in Refs. 14, 31, and 36, we recom-
mend a value of

ky = 1.6 X102 cm® mol — ' s~!

at 298 K with error limits of A log k = + 0.12. Although we
believe Greiner’s activation energy of approximately 3.2
kJ mol~! to be an acceptable value,'* wé make no recom-
mendation for £, in the absence of confirmatory data.

The only data in the intermediate temperature region
are those of Greiner™ which extend from ambient tempera-
tures up to 498 K. At higher temperatures, values of &, are
given by Hucknall ef al.?® at 653 K and Baldwin ez al. at 753

21,29

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

K.!*3338 Both are relative rate measurements and conse-
quently there are added uncertainties associated with the
values of the reference rate constants. Although there are no
comparable absolute measurements of k, near 700 K, their
methods have produced results in reasonable agreement
with absolute measurements for other alkanes, notably eth-
ane and propane. We are therefore reasonably confident of
their accuracy.

We base our recommendation on data from Refs. 14,
28, 36, and 38, giving

k; = 1.9X10°T*! exp(860/T) cm® mol~*s~!

between 290 and 750 K with error limits of
Alogk = +0.12 at 300 K, rising to an error in log & of
+ 0.3 at 750 K. This may be compared with a recent theo-
retical expression derived by Cohen,*! who gives

k= 8.9x10°T?® exp(910/T) cm® mol ! s™*

between 300 and 2000 K, based on data from Refs. 14, 25,
and 36, and transition state calculations.

Since our rate expression for &, is in reality the sum of
two Arrhenius expressions, one for each of the reaction
paths (1a) and (1b), any single value of activation energy or
pre-exponential factor derived from this empirical expres-
sion will have no physical significance and therefore we do
not recommend any rate parameters.
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8, OH + neo-c5H12 —> C5H11 + Hzo

THERMODYNAMIC DATA

8Hggg= ~79.87 kJ mol™! (~19.09 kcal mo1™})

RECOMMENDED RATE CONSTANT

ey = 4.8 x 106T2‘oacxp(—70/T) cmjmol—ls—l
= 7.5 x 10_18T2'08exp(—701T) emmolecule” 1571
Temperature Range: 300-1000 K.

Suggested Error Limite for Caleulated Rate Constant:?
Alog k = +0.12 at 300 K, rising to Alog k = #0.3 at 1000 K.

Rate Parameters:

log (A'/co’mol™'s™l) = (7.58 + 2.08 log T) 40.3

log (A'/nmamnlecule-lg-l) = (=~16.2 + 2.08 log T) #0.3

E'/J mol™} = (580 + 17.3 T) +1000
E'fcal mol™} = (140 + 4.1 T) +240

EXPERIMENTAL DATA

Rate Constant Temperature
3 -] -1 Reference and Comments
k/em’mol™ ‘s T/K
1.12x1013 753 BAKER, BALDWIN and WALKER 19703
Static system. No experimental details given but presumably
analogous to those for OH + propane and butane (this paper).
ki/ky = 16.0 at 753 K.
OH + neo-CgHy, — neo-CgH;, + Hy0 )
Hy + O —» H,0 + H (2)
Taking k2 from Ref. 1, authors obtain quoted value of kI‘
4.46x101} 292 GREINER 1970%
5.17xt011 292 Flash photolysis of H,0(1%)/Ar mixtures in the presence of
5.27x101! 298 neo—CgH;y at 50.5-149 Pa pressure. [OH] monitored by u.v.
6.96x10!! 335 absorption spectroscopy at 306.4 nm.
e.aaxlo”‘ 370 A correction of 10~135% made to observed values of k] for cthe
1.27x1012 424 effect of reaction 3.
1.53x10'2 493

J. Phys. Chem. Ref, Data, Vol. 15, No. 2, 1986

OH + CgH;, — products (3)
The expressluon, Xy o~ B.Slxlolzuxy(—ﬁh&/T) cmamol-ls-l was
derived from experimental results over the temperature range
292-493 K.
Used by Refs. 7 and 14,
Quoted by Refs. 10,11,12 and 13.
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13.0

12.5

12.0

OH + neo—C5H12 — C5H11 + H,0
T/K

500 4oo 300

250

1 T 1

EXPERIMENTAL DATA
Baker et al. 1970 {from k;/kp)°

Greiner 19764

Baker, Baldvin and Walker 1976 {from ky/kp,)’
Recalculated by Batdwin and Walker 19787
Darnall et &1. 1978 (from k1/k4)1°
Paraskevopoilos and Nip 19802

Atkinson et al. 1982 (from ky/kg) 3

Tully et al, 198515

49 BPO

REVIEW ARTICLES
—— Cohen 1982“
== This evaluation
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OH + neo-CgHq; — CsHyq + H0

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -] -1 Reference and Comments
k/en’mol”™ s T/K
3.8x10t2 753 BAKER, BALDWIN and WALKER 19767
BALDWIN and WALKER 19789
Static system. H,(28-85%)/0,(14~71%)/N, mixtures at total
pressure of 66.7 kPa. <1% neo~C,H,, added. Aged boric acid
coated vessels. [neo-csﬂlzl determined gas chromato-
graphically. [H,] followed by measurements of pressure changes
due to its reaction with 0.
ky/ky = 10.0 and using ky from Refs. 2 and 5 obtain ky =
3.9x1012 cn® mo17lsl.  Authors later revised their value of kg
to take into account effect of self-heating. Using k\/kz =
10.2 and ky = 3.7x10!! gives quoted value of k.
OH + neo—CgH), = neo~CgH;), + Hy0 1
Hy + OH —» H,0 + H 2)
- 300 DARNALL, ATKINSON and PITTS 197810
Photolysis NO /air/neo=CgH;,(0.053-0.059 ppm) at 101.3 kPa
total pressure. [neo—csﬁlzl monitored by gas chromatography.
Rate of neo~CgH;, decay compared with rtate of decay of n-CHy g
in an analogous experiment. k.l/klo = 0.38,
OH + neo-CgH), — neo-CgH,; + Hy0 (1)
OH + n-C,H)q —» CHg + H,0 )
Using our value of k, (this paper) gives k; = 6.1x1011
en’mo1 st at 300 k.
Used by Ref. 1l4.
Quoted by Refs. 11,12 and 13.
5.48x1011 297 PARASKEVOPOULOS and NIP 198012
Flash photolysis Hy0(<0.5%)/neo-C<H;,/He mixtures at total
pressure of 20 kPa, |OH] monitored by resonance fluorescence.
Used by Ref. 14.
Quoted by Ref. 13.
- 300 ATKINSON, ASCHMANN, WINER and PITTS 198213

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Photolysis CH30N0(4-15 ppm) /NO(5 ppm)/ait/neo~C5H12(0.5-1.0
ppm)/n-hexane(0.5~1.0 ppm) mixtures at 98 kPa total pressure.
Organic reactants monitored chromatographically.

Using mean value of kl& from Refs. 4,6,8 and 12, and
experimentally determined ratio k;/kg = 0.453, authors obtain
kg = 3.4x1012 cn3mo17 1571, k; derived using this value of kg
and the ratio k;/kg = 0.135 (from same study) giving, k; =
461010 cpdmo1ls™L, Using our value of k, (this paper) gives
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OH + neo-CsH-,z - C5H1’1 + Hzo

EXPERIMENTAL DATA - CONTINUED

Rate Coustaul Tewperature
3 -] -1 Reference and Comments
k/em’mol s T/K
ley = 4821011 cg3mo1™1s7l ac 300 K; this point plotted.
OH + neo-CSle — neo—CsH“ + Hy0 (1
OH + n=CyHyo —» C,Hy + Hy0 (4)
OH + neCgH), = CcH;, + Hy0 (5)
6.3x10572+ Qexp(~10/T) 300-2000 COHEN 198214
Theoretical expression derived using transition state theory
and experimental results of Refs. 4,10 and 12.
5.93x101! 287 TULLY, KOSZYKOWSKI and BINKLEY 198517
8.25x101! 350 Laser photolysis of HZO/NZO/neo-pentane mixtures at 53 kPa
1.33x1012 431 helium pressure over the temperature range 287-901 K. Pseudo-
2.00x1012 518 first-order conditions where, [OH] = 1x101] radicais em™3 «¢
2.79x10!2 600 [neo—pentane] ibxlO“' molecule cm—. {oH] menitered by
4,33x1012 705 resonance fluorescence. The data are fitted to the expressionm,
6.14x1012 812 ky = 6.57x10313+02exp(350/T) cn’mo1™ls™1.
7.65x1012 901

6.3x10572+ Cexp (-10/T)

1.08x10!!
2.zox10!!
4.38x10!1
7.83x10!1
1.32x10%2
2.37x1012
3.38x1012
4.87x1012

OH + neo-C5H12 — neo-CSHu + Hy0 (48]

REVIEW ARTICLES

ATKINSON, DARNALL, LLOYD, WINER and PITTS 19791l

Review of gas phase reactions of OH with organic compounds.

Evaluation based on experimental data from Refs. 4,7,10 and

Laser photolysis of Hz()/NZolneo—CsD1,‘_7 mixtures at 53 kPa
helium pressure over the temperature range 2%0-903 K. Pseudo-
first-order conditions where, [OH] << [neo—Clez]. foRr)

monitored by resonance fluorescence. The data are fitted to

OH + neo—CgDyy —» neo=CgD), + H,0 (6)

300-2000 COHEN and WESTBERG 198316
12,
1SOTOPIC REACTION OH + wneo-Cgly,
290 TULLY, KOSZYKOWSKI and BINKLEY 198513
352
430
508.5
598
705 the expression, kg = 6.68x10%12+ 7L axp(-300/T) emomo1~ls™L,
812
903

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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Discussion

There are fewer available data on the reaction between
hydroxyl radicals and neo-pentane than for the correspond-
ing reactions with methane, ethane and propane,

OH + neo-C,H,,—»neo-C,H,, + H,0. (1)

Below 500 K, absolute data were obtained by flash pho-
tolysis/resonance absorption techniques.*'*!> At ambient
temperatures the rate constant measurements by Greiner,*
Paraskevopoulos and Nip,'? and Tully et al.?® are in good
agreement with each other. The remaining data at 300 K are
relative rate measurements by Atkinson and co-workers. '%12
Their results are put on an absolute basis using known rate
parametess for the reaction between OH and r-butane. The
rate constants thus obtained are in good agreement with ab-
solute data.

On the basis of data from Refs. 4, 10, 12, 13, and 15, we
recommend a value of

k,=54x10" em® mol~'s™?

as 298 K, with error limits of A log k = -+ 0.12.

Greiner’s flash photolysis results* extend up to 500 K,
while those of Tully ez al.’® cover the entire range between
300 and 900 K. Where overlap occurs the two sets of data
compare very well. The only other data at temperatures
above 500 K are those of Baldwin and co-workers in which
neo-pentane was added to slowly reacting mixtures of H,
and O, at 753 K. A rate constant ratio of k,/k; = 16.0 was
obtained:

H, + OH—H,0 + H. 2)

This led to a value of &k, which was an order of magnitude
higher than might have been expected. Corrections for self-
heating and the effects of minor reactions lower the ratio to
give k,/k, = 10.2. Combining this ratio with the value of &,
recommended by Baldwin and Walker® gives k, = 3.8 X 10"
cm® mol~!s™! at 753 K. Treatment of data in a similar way
for the analogous reactions of ethane and propane has pro-
duced rate constants consistent with values obtained by
more direct methods at about 750 K. In the case of neo-
pentane such a comparison can only be made with the laser
photolysis results of Tully ez al.!* The value of k, given by
Baldwin et al. agrees within 25% of that derived from Tul-
ly’s experimental rate expression at 753 K. Furthermore,
their value of &, can be reconciled with an extrapolation of
Greiner’s flash photolysis results from lower temperatures.
In arecent theoretical study using data from Refs. 4, 10,
and 12 and transition state calculations, Cohen'* gives the

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

rate expression
ky = 6.3 10°T2° exp( — 10/T) em’> mol = s,

for temperatures between 300 and 2000 K. Tully ez a/.’® de-
rive from their experimental data the expression

ky = 6.6 10°T% exp(350/7T) cm® mol™'s™},

over the temperature range 300-900 K. The latter expres-
sion shows a greater degree of curvature in the Arrhenius
plot, thereby increasing the magnitudes of rate constants at
higher temperatures. Although there are insufficient high-
temperature data to precisely determine the degree of curva- .
ture in the Arrhenius plots, based on data from Refs. 4, 9, 10,
12, 13, and 15 we have obtained the empirical rate expression

k, = 4.8X 10°T*% exp( — 70/T) cm® mol~ s,

over the temperature range 300-1000 K, which is in good
agreement with Cohen’s expression below 500 K but with
slightly more pronounced curvature at higher temperatures.
Error limits for our evaluated expression are
Alog k= 4+ 0.12 at 300 K, rising to an error in log k& of
4 0.3 at 1000 K.
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9. OH + HIGHER ALKANES

THERMODYNAMIC DATA

Thermodynamic data are unavailable for these alkyl radicals.

RECOMMENDED RATE CONSTANTS

OH + n-Peatane: k = 2.5x1012 cn’moi™le™! at 298 K.

Suggested Error Limits for Evaluated Rate Constant: Alog k = 10.2.

OH + 2-Methylbutane: k = 2.4x1012 cmomo1}s™! at 298 k.

Suggeéted Error Limits for Evaluated Rate Constant: Alog k = +0.2.

OH + n-Hexane: k = 3.5%1012 cm®mot~!s™! ar 298 k.

Suggested Error Limits for Evaluated Rate Constant: Alog k = 10.15.

OH + 2-Methylpentane: k = 3.4x1012 codmo1”ts™! at 298 k.
Suggested Error Limits for Evaluated Rate Constant: Alog k = 10.2.

OH + 3~Methylpaentane: k = 3.7x1012 r-m:‘mn'l_l:-1 at 298 K.
Suggested Error Limits for Evaluated Rate Constant: Alog k = +0.2.

OH + 2,2-Dimethylbutane: k = 1.6x10'2 cmdmoi™ls™! at 298 K.
Suggested Error Limits for Evaluated Rate Constant: Alog k = #0.2

OR + 2,3-Dimethylbutane: k = 3.5x1012 cm3mo1™ls™! ac 298 K.
Suggested Error Limits for Evaluated Rate Constant: Alog k = #0.2.

OH + n-Heptane: k = 4.5x10'2 em3mo1~Ys™! at 298 K.

Suggested Error Limits for Evaluated Rate Constant: Alog k = 10.2.

OH + 2,2,3-Trimethylbutane: k = 2.6x10'2 cm3mo1™ts™! ar 298 k.
Suggested Error Limits for Evaluated Rate Counstant: Alog k = #0.15.

OH + 2,4-Dimethylpentane: k = 3.3%10!2 codmo1~ls™! at 298 K.

Suggested Error Limits for Evaluated Rate Constant: Alog k

]
s

OH + n-Octane: k = 5.5x1012 em3mo1™ts™! ar 298 K.

Suggested Error Limits for Evaluated Rate Constant: Alog k = 10.Z.

OH + 2,2,3,3-Tetramethylbutane: k = 1.02x107T2+Cexp(-90/T} cu’mo1~ls™]
Temperature Range: 300-700 K
Suggested Error Limits for Calculated Rate Constant:

Alog k = #0.15 at 300 K, rising to #0.3 at 700 K.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

RECOMMENDED RATE CONSTANTS - conTINUED

OH + 2,2,4~Trimethylpentane: k = 2.3x1012 c:m3mol—ls-l at 298 K.
Suggested Error Limits for Evaluated Rate Constant: Alog k = +0.2.

OH + n-Nonane: k = 6.6x1012 cm3mo1™ls™} at 298 K.
Suggested Error Limits for Evaluated Rate Constant: Alog k = #0.2.

OH + n-Decane: k = 7.1x1012 em3mo1~*s™! at 298 K.
Suggested Error Limits for Evaluated Rate Constant: Alog k = 0.3,

EXPERIMENTAL DATA

Rate Constant Temperature
k/em3mo1 " 1s™! T/K

Reference and Comments

OH + w-PENTANE

- 303 WU, JAPAR and NIKI 19767
Photolysis of NO, at ppm level in NO(ppm)/n-pentane(ppm)/air
or He/0,(21%) mixtures. NO, NO, and O3 concentrations
monitored with NO/O3 chemiluminescence detectors. [n-pentane]
measured by gas chromatography.

n-Pentane removed by reaction with OH, O and O3 but last two
contribute <6% to total decay. Decay rate of n-pentane

compared with that of cis—Z—butene, leading to kllkz = (.12,
OH + n—CgH;y = CgHj; + Hy0 (1)
OH + ¢is-CH4CH=CHCH3 — products (2)
Using ky derlved [rom the Arrhenius expression given In Refe. 2,

k= 3.8x1012 cm3mo1™ls™! ar 303 K.

- 300 DARNALL, ATKINSON and PITTS 19788
Photolysis of NO /air/n-pentane(0.128-0.137 ppm) at 100 kPa
total pressure and 300 K. ([n=CgH;,] monitored by gas
chromatography. Rate of [n—C5H12] decay compared with rate of
decay of (n-—CAI-lml in an analogous experiment.
OH + n=C H o — C4Hg + Hy0 (3)
kl/k3 = 1.37. Uecing our value of Ly (this paper) gives ky =
2.2x1012 cm3mo1™ls™! ar 300 K.

- 753 BALDWIN and WALKER 197910
Static system. n-Pentane added to slowly reacting mixtures
of Hy/0,. Experimental details not available but presumably
similar to those for analogous work on 2,2,3,3-tetramethyl-

bm:ame.11

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

EXPERIMENTAL DATA -~ CONTINUED

Rate Constant Temperature
k/cm3mol_ls"l /R Reference and Comments
Authors obtain kllkﬁ = 18.1 after allowances were made for
self-heating. Using k4 from an Arrhenius expression given in
the same work, k; = 6.7x1012 cmdmor"ts™! ar 753 k.
OH + Hg — H + HoC (4
- 300 COX, DERWENT and WILLIAMS 198012
Photolysiec of HONO{3-20 ppw)/N0(0.3-3 ppm)/N0,(0.3-3 ppm)}/
n-pentzne/air mixtures at total pressure 100 kPa. {NOX]
monitored by chemiluminescence and {n—C5H12] by gas
chromatography.
Decay rate of n~CgH;, compared with that of ethene giving,
ky/kg = 0.63 atr 300 K.
OH + n=Cgljy — CgH;y + HyO {1}
OH + CpH,; == products {3
Using kg = 4.8x1012 cm3mo1™ls™! from Ref. 19, obtain ky =
3.0x10!2 cm3mo1~1s™ L,
- 299 ATKINSON, ASCHMANN, CARTER, WINER and PITTS 198214
Static system. CHqONO{9~17 ppm)/NO(5 ppm)/n~pentane(0.5~1.0
ppm)/n~hexane(0.5-1.0 ppm)/air mixtures at total pressure 100
kPa photolysed >290 nm. Reactants monitored by gas
chromatography.
OH + n~CgHj, — Cghjgq * HyU (6)
kl/k6 = 0.724 at 299 K. Using the rate constant ratio k3/kﬁ =
0.453,15 and our value of kg {this paper) we obtain k; =
2.6x101 2endmor st
OH + n-C4H;o —™ C,Hg + Hy0 (3)
- 300 BARNES, BASTIAN, BECKER, FINK and ZARFI 198216

Static system. Two sounrces of OH;

(i) "Photolytic”. Photolysis of mixtures of N0,(2.5 ppm)/
n-pentane (15 ppm)/propene(l5 ppm)/air at total pressure
100 kPa and 300 K. {n-CgH,,] and [C4Hy] monitored by

gas chromatography.
(11)  "Dark”. HO,NO,{4~20 ppm)/n-pentane(lS ppm)/propene(ls
ppm)/air or N, mixture at total pressure 100 kPa and 300
K. Excess NO added to produce OH by reactions 7 and 8.
HOoNO, <=HeHo, + NO, (7)
HOp + NO — OH + NO, (8)
Initial and final hydrocarbon concentrations measured by

gas chromatography.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/emmol "1s™! T/K

Reference and Commente

Decay rate of “'CSHIZ compared with that of propene and then
normalized to ethene giving, (1) ky/kg = 0.26 and (ii) ky/kg =
0.48 at 300 K.

OH + n-CgHyp ——# CgHjj + Hy0 (1

OH + CyH, ~— products (5)

Using kg = 4.8x1012 cm3mo17ls™! from Ref. 19, we obtain
kx10712/cm3mo1™ s = (1) 1.3 and (i1) 2.3.

REVIEW ARTICLE

- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 1979°
Review of gas phase reactions of OH with organic compoun'ds.

Quoutes Refs. 7 and 8.

oIl + 2-METUYLBUTANE

EXPERIMENTAL DATA

- 305 LLCYD, DARNALL, WINER and PITTS 19766
Photolysis of NO,/2~methylbutane/n-butane/air mixture at
305 K and total pressure of 101.3 kPa., [Hydrocarbon] monitored
by gas chromatography.

OH + n—CyH,q —> CzHg + H,y0 (3)
OH + iso-CgH;, — CgHj) + Hy0 (&)
kg/k:; = l.1. Using our value of kg (this paper) we obtain kg =

1.8x1012 cn3mo1™ls™! ar 305 k.

- 300 DARNALL, ATKINSON and PITTS 19788
Photolysis of N0 /2-methylbutane (0.101-0.119 ppm)/n-butane
(0.073~0.075 ppm)/air mixtures at total pressure 100 kPa and
300 K. {Alkane] monitored by gas chromatography.
kg/kg = 1.3, Using our value of kg (this paper) we obtain
kg = 2.1x1012 cmdmo17ls™! at 300 k.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 el -l Reference and Comments
k/cm“mol™ s “T/K

- 297 ATKINSON, CARTER, ASCHMANN, WINER and PLTTS 198420

Photolysis of CH,ONO(8-27 ppm)/NO(5 ppm)/2-methylbutane
(0.5=1.0 ppm)/n~butane(0.5~1.0 ppm)/air mixtures at wavelengths
2290 nme The veactions were carried vut at 297 K and about 97
kPa total pressure. [Alkane] monitored by gas chromatography;
[NOX] and [03] by chemiluminescence.

Rate comctant ratio 1r.9/k_3 = 1.54. Ucing our value of ky
(this paper) we obtain kg = 2.5x1012 em3mo1~ls™! ar 297 k.

REVIEW ARIICLE

- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 1979°
Review of gas phase reactions of OH with organic compounds.
Quotes Refs. 6 and 8.

OH + n-HEXAMNE

EXPERIMENTAL DATA

- 292 CAMPBELL, McLAUGHLIN and HANDY 1976“r
Static system. H202(0.08%)/N02(1Z)/00/n-hexane mixtures at
a total pressure of 13.3 kPa. (CO,] monitored by gas
chromatography. Suppression of CO; yield by n—CgH,, observed.

OH + n-CgHy, — CgRy3 + Hy0 (6)

0H+C0—>C02+H (10)
Decay rate of n-Cgly, compared with that of n=CyHyq in an
analogous experiment.

OH + n=C H;q — C,Hg + Hy0 (3)
k6/k3 = 2.46. Using a value of k3 derived from our recommended
expression (this paper) gives kg = 3.9x1012 cmdmo1~ls™!  at
292 X.

- 305 LLOYD, DARNALL, WINER and PITTS 19765
Photolysis of NOx/n—hexane/n-bucane/air mixtures at 305 K
and total pressure of 101.3 kPa. Alkane concentrations
monitored by gas chromatography.
ke/kq = 2.09. Using our value of k3 (thie paper) we obtain
ke = 3.5%1012 emdmo1™ls™! at 305 k.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
k/cm3mol'1s—1 /K Reference and Comments
- 303 WU, JAPAR and NIKI 19767
Photolysis of NOy at ppm level in NO(ppm)/n—hexane(ppm)/air
or He/09(21%) mixtures at total pressure 100 kPa. NO, NO, and
O3 concentrations monitored with NO/Oy chemiluminescence
detectors. ([n=CgH,;] monitored by gas chromatography.
n—C6H14 removed by reaction with OH, O and 03 but last two
contribute <6% to total decay. Decay rate of’ n-CgH;, compared
with that of cis-2-butene.
OH + cis-CH3CH=CHCH3 —» products - 2)
OH + n-CgH,, — CgHyg + Hy0 (6)
Authors obtain kg/k, = 0.l11. Using k, derived from the
Arrhenius expression in Ref. 2, kg = 3.5x1012 cadmo1ls™! at
303 K.
- 299 ATKINSON, ASCHMANN, WINER and PITTS 198212

J. Phys. Chem. Ref. Data, Vol. 15, No, 2, 1986

305

Static system. CH50NO(4-15 ppm)/RO(5 ppm)/n-hexane(0.5-1.0
ppm)/n-butane(0.5-1.0 ppm)/air mixtures photolysed at 299 K.
Organic reactants monitored by gas chromatography.
k6/k3 = 2,21, Using our value of kg (this paper) we obtain
kg = 3.5x10'2 em’mol7's™! at 299 x.

REVIEW ARTICLE

ATKINSON, DARNALL, LLOYD, WINER and PITTS 19799
Review of gas phase reactions of OH with organic compounds.

Quotes Refs. 4,6 and 7.

OH + 2-METHYLPENTANE

EXPERIMENTAL DATA

LI.OYD, DARNALL, WINER and PITTS 19766
Photolysis of NOx/2—methylpentane/n-butane/air mixtures at
305 K and 101.3 kPa total pressure. Alkane concentrations

monitored by gas chromatography.

OH + n-C, H g — C4Hg + Hy0 (3)
OH + CH3(CH,),CH(CHy), — CgH 3 + HyO0 (11)
Authors obtain kj;/kg = 1.77. Using our value of k3 (this

3 1.-1

paper) gives kyj = 2.9x10!2 cadmo17ts™! at 305 K.
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OH + HIGHER ALKANES

EXPERIMENTAL DATA - cONTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/cm’mol *s T/K
- 300 COX, DERWENT and WILLIAMS 198012
Photolysis of HONO(3-20 ppm)}/NO(0.3-3 ppm)/804(0.3~3 ppm)/
2-methylpentane/air mixtures at total pressure 100 kPa. [NOX]
monitored by chemiluminescence and [Z-mechylpentane] by gas
chromatography.
Decay rate of 2-methylpentane compared with that of ethene,
giving ‘*11/“5 ~ 0s63 at 300 K.
OH + CyH; —> products (5)
OH + CH3(CH2)2CH(CH3)2 — C6H13 + HZO (11)
Taking literaturs valua of ky, 7119 we obrain k) = 201012
cadmo1™ts™1,
- 297 ATKINSON, CARTER, ASCHMANN, WINER and PLTTS 198420

Photolysis of CHqONO(8-27 ppm)/NO(5 ppm)/2~methylpentane
(0.5-1.0 ppm)/n=-butane(0.5=1.0 ppm)/air mixtures at wavelengths
2290 nm. The reactions were carried out at 297 X and about 97
kPa total pressure. [Alkane] monitored by gas.chromatography;
[NOK] and [03] by chemiluminescence.

Rate constant ratio k“/k3 = 2.20. Using our value of k3
(this paper) we obtain ky; = 3.5x10%2 cm3molnlsm1 at 297 XK.

REVIEW ARTICLE

- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 19799
Review of gas phase reactions of OH with organic compounds.

Quotes Ref. 6.

OH + 3-METHYLPENTAME

EXPERIMENTAL DATA

- 305 LLOYD, DARNALL, WINER and PITTS 19766
Photolysis of Nox/3—methylpentane/n—butane/air mixtures at
305 K and total pressure of 101.3 kPa. Alkane concentrations
monitored hy gas chromatragraphy.
OH + n-CyH;, — C,Hg + Hy0 (3)
OH + (CyHg),CHCHy — CgH g + Hy0 (12)
Authors obtain ky,/ky = 2.40. Using our value of k, (this

paper) gives ki = 2.9x10'2 cndmo1ls™! at 305 k.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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BAULCH ET AL.

OH + HIGHER ALKANES

EXPERIMENTAL DATA - CONTINUED

Rale Cuustaut Tewperature
3 -] =) Reference and Comments
k/cm’mol” s T/K
~ 297 ATKINSON, CARTER, ASCHMANN, WINER and PITTS 198420

Photolysis of CH40NO(8-27 ppm)/NO(5 ppm)/3~methylpentane
(0.5-1.0 ppm)/n—~butane(0.5-1.0 ppm)/air mixtures at wavelengths
2290 nm. The resctions were earried ount at 297 K and abont 97
kPa total pressure. [Alkane] monitored by gas chromatography;
[Nox] and [03] by chemiluminescence.

Rare constant ratia klzlk:, = 2.24. Using our value of kij
(this paper) we obtain kj, = 3621012 emdmo1~ts™! ar 297 k.

REVIEW ARTICLE

ATKINSON, DARNALL, LLOYD, WINER and PITTS 1979°
Review of gas phase reactions of OH with organic compounds.

Quotes Ref. 6.

OH + 2,2-DIMETHYLBUTANE

EXPERIMENTAL DATA

- 297

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

ATKINSON, CARTER, ASCHMANN, WINER and PITTS 198420

Photolysis of CH40NO(8-27 ppm)/NO(5 ppm)/2,2-dimethyl-
butane(0.5-1.0 ppm)/n-butane(0.5~1.0 ppm)/air mixtures at
wavelengths 2290 nm. The reactions were carried out at 297 K
and about 97 kPa total pressure. [Alkane] monitored by gas
chromatography; [NOX] and [03] by chemiluminescence.

OH + n—CyH;o —» C4Hg + HoD (3

O + (CH,)3CCHyCHy — CgHyq + Hy0 (13)

Rate constant ratio ky3/ky = 1.03. Using our value of kg
(this paper) we obtain K13 = 1.6)(1012 ¢:1113m01"s'l at 297 K.
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OH + HIGHER ALKANES

EXPERIMENTAL DATA

Temperature
Rate}Conf;a:x: P Reference and Comments
k/em mol s T/X

OH + 2,3-DIMETHYLBUTANE

4.49x1012 300 GREINER 1970%

4.04x1012 336 Flash photolysis of HZO(IZ)/Ar mixtures in the presence of
4.10x10!2 372 2,3-dimethylbutane at 10.8~18.4 Pa pressure. [OH] monitored by
6.28x1012 424 absorption spectroscopy at 306.4 nm.

3.58x1012 498 A 10-15% correction was made for the effect of secondary

reaction 14.
OH + CgHq == products (14)
Author derived the expression kyg = 2.88x1012exp(130/’f) cma
wol 1™l over the temperature range 300-500 X.
OH + (CH3)ZCHCH(CH3)2 — 66H13 + ﬂzo (13)
Used by Ref. 18.

- 303 ATKINSON, DARNALL, WINER and PITTS 19763

Decay of 2,3~dimethylbutane compared with that of ethane.
ZHS + HZO (16)
k15/k16 = 13.4 at 303 X. Using our value of klb (thie paper)
we obtain lrc15 = 2.4x1012 cmamol‘lsulo

OH + C2H6 - C

- 305 DARNALL, WINER, LLOYD and PITTS 19767
Photolysis of NOX(O.BI ppm)/2,3-dimethylbutane(7 ppb)/
isobutene/air mixtures at total pressure of 100 kPa. [Alkane]
monitored by gas chromatography.
{2,3-Dimethylbutare] decay compared with that of [isobutene]
giving, klﬁ/kl7 = 0.10 at 305 K.
OH + CH,=C(CH;), — products (17)
Using a value of k;, derived from an Arrhenius expression in
Ref. 2, authors obtain k;g = 3,1x101 2enPpo1 "1™,

- 300 DARNALL, ATKINSON and PITTS 19788
Photolysis of NOx/2,3—dimethylbutane(O.lOS—O.ll4 ppm)/
n-butane(0.073-0.075 ppm)/air mixtures at 100 kPa total
pressure and 300 K. Alkane concentrations monitored by gas
chromatography.
OH + n=C,H;q —> C,Hgy + Hy0 (3)
OH + ((:}I3)2CH(','H(C!-13)2 —> Cgl; 5 + Hyo (15)
Decay of 2,3-dimethylbutane compared with that of n-butane,
giving the rate constant ratio, le/k3 = 2.08. Using our value
of k3 (this paper) gives k;5 = 3.3x101% cn’mo1™ls™! at 300 k.
Used by Ref. 18.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986



564 BAULCH ET AL.
OH + HIGHER ALKANES
EXPERIMENTAL DATA - CONTINUED
Rate Constant Temperature
3 =] -1 Reference and Comments
k/em'mol "8 T/K
- 300 COX, DERWENT and WILLIAMS 198012

Photolysis of HONO(3.0~20 ppm)/NO(0.3-3 ppm)/NO,(0.3~3 ppm)/
2,3-dimethylbutane/air mixtures at total pressure of 100 kPa.
[NOx] monitored by chemiluminescence and [2,3-dimethylbutane]
by gas chromatography.

Decay rate of 2,3-dimethylbutane compared with that of
ethene giving, k;s5/ks = 0.48 at 300 K.

OH + C,H, — products (5)
Taking kg from Refs. 17 and 19, we obtain kyjg = 2.3x1012
cm3 |n01-ls_l .
- 299 ATKINSON, ASCHMANN, WINER and PITTS 198215

CHaUNU(4~15 ppm)/NO(> ppm)/2,3~dimethylbutane(0.5~1.0 ppm)/
cyclohexane(0.5-1.0 ppm)/air mixtures photolysed 2290 nm at
299 K.

OH + C"Cr,le S C‘Cahll + HZU (18)
le/kIB = (0,827. Using the ratio k3/k18 = 0.341 (determined in
an analogous experiment in the same work) and our value of kg
(this paper) we derive, Kyg = 3-911012 CI!I3I1101-15-I at 299 K.

OH + n_C4H10 — Caﬂg + HZO 3)

25210373 Oexp(1200/T) 300-2000 COHEN 198218
Theoretical expression derived using transition state theory
and experimental data of Refs. 1 and 8.
REVIEW ARTICLES
- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 19797
Review of gas phase reactions of OH with organic compounds.
Quotes Refs. 1,3,5 and 8.
2.5%1037° *Oaxp(1200/7) 300~2000  COMEN and WESTBERG 198322

J. Phys. Chem, Ref. Data, Vol. 15, No. 2, 1986

Evaluation. Based on experimental data of Refs. 1,5 and 8.
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OH + HIGHER ALKANES

EXPERIMENTAL DATA

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/em’mol ‘s T/K
OH + n-HEPTANE
- 299 ATKINSON, ASCHMANN, CARTER, WINER and PITTS 1982“

Photolysis of CH3ONO(9-17 ppm)/NO(5 ppm)/n-heptane(0.5-1.0
ppm)/n-hexane(0.5-1.0 ppm)/air mixtures at 299 ¥. Reactants
monitored by gas chromatography.

OH + n—CcH,, —» CcH;5 + Hy0 (6)
OH + n-CyH; — C;H;g + H,0 19
kyjg/kg = 1.28 at 299 K. Using the rate constant ratio ky/kg =
0.453 given in other work!® and our value of kg (this paper) we
obtain k19 = 4.5x1012 cm3molals_l-
OH + n—C,H; — CgHy + HyO (3)
o + 2,2,2-TRIMCTHYLBUTANE
EXPERIMENTAL DATA
3.15x10%2 296 GREINER 19701
2.93x1012 303 Flash photolysis of H,0(14)/Ar mixtures in the presence of
2.71x10%2 371 2,2,3~trimethylbutane at 8.6-20 Pa pressure. [OH] monitored by
2.77x1012 373 absorption spectroscopy at 306.4 nm.
3.81x1012 497 A 10-~15% correction was made for the effect of secondary
reaction 20.
OH + C7H15 -—» products (20)
Author derived the expression k21 = 4.79x1012exp(-115/T)
ch mol_ls-l over the temperature range 300-500 K.
OH + (CH3)3CCH{CH3), —% C;H;s + Hy0 (21)
Used by Ref. 18.
- 305 DARNALL, WINER, LLOYD and PITTS 19767

Photolysis of NOX(O.GI ppm)/2,2,3-trimethylbutane(lé
ppb)/isobutene/air mixtures at 305 K. (Alkane] monitored by
gas chromatography.

[2,2,3~trimethylbutane] decay compared with that of
[isobutene] giving, kgy/ky7 = 0.074.

OH + CH,=C(CHy), — products a7
Using a value of k” derived from an Arrhentus expression in

12 3 ~1g-1

Relfe 2, autlioss ubtaln Koy — 2.3x10 cm mol at 307 K.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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BAULCH ET AL.

OH + HIGHER ALKANES

EXPERTMENTAL DATA - CONTINUED

Rate Constant Temperature .
k/cm3mol-ls—l /% Reference and Comments
- 753 BALDWIN, WALKER and WALKER 198113
Static system. 2,2,3-Trimethylbutane(0.025%) added to
slowly reacting mixtures of Hy(28-86%)/0,(14%-72%) in N, at
total pressure of 66,7 kPa and 753 K. [2,2,3~Trimethylbutane]
monitored by gas chromatography and [H,] by measurement of
pressure change.
OH + Hy —» H + H,0 (4)
OH + (CH3)3CCH(CH4), ~—» CsHyg + HyO 1)
Allowances were made for the effects of self-heating and for
reaction 22.
(CH3)3CCH(CHg)y — t-C,Hg + i~C3H; (22)
Authors obtain k“/ka = 12.2. Using k, derived from an
Arrhenius expressionl? gives, ko = 4.5%1012 codmo17ls7! ar
753 K.
1.51x10%72*8oxp(925/T) 300-2000 COHEN 198218
Theoretical expression derived using transition state theory
and experimental data of Refs. 1 and 8.
- 297 ATKINSON, CARTER, ASCHMANN, WINER and PITTS 19842C

Photolysis of CH3OKO(8-27 ppm)/NO(5 ppm)/2,2,3-trimethyl-
butane(0.5~1.0 ppm)/n-butane(0.5-1.0 ppm)/air mixtures at
wavelengths 2290 nm« The reactions were carried out at 297 K
and about 97 kPa total pressure. [Alkane| monitored by gas
chrowatography; [NO,] and {03] by chemiluminescence.

OH + u=CuH)q — G Hg T H,y0 (3>

Rate constant ratio k21/k3 = 1.63. Using our value of kg
(this paper) we obtain ky; = 2.6x101% cndmo17ls™! ar 297

REVIEW ARTICLES

1.5x10%72+8axp(920/T) 300-2000

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

ATKINSON, DARNALL, LLOYD, WINER and PITTS 19799
Review of gas phase reactiong of OH with organic compounds.

Quotes Refs. 1 and 5.

COHMEN and WESTBERG 198322
Evaluation. Based on experimental data of Refs. 1,5 and 13.
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OH + HIGHER ALKANES

EXPERIMENTAL DATA

Rate Constant Temperature
3 -] -1 Reference and Comments
k/em’mol” s T/K

OH + 2,4-DIMETHYLPENTANE

- 297 ATKINSON, CARTER, ASCHMANN, WINER and PITTS 19842V
Photolysis of CH40NO(8-27 ppm)/NO(S ppm)/2,4-dimethylpentane
(0.5-1.0 ppm)/n-butane(0.5-1.0 ppm)/air mixtures at wavelengths
2290 nm. The reactions were carried out at 297 X and about 97
kPa total pressure. [Alkane] monitored by gas chromatography;
[NOX] and [03] by chemiluminescence.

OH + n-CAHIO —— Ca“g + HZO 3
OH + (CH3)2CHCH2CH(CH3)2 — C7H15 + HZO (23}
Rate constant ratio k23/k3 = 2.04. Using our value of ky

(this paper) we obtainm ko, = 3.5x10'? cm3mor~1s~! ac 297 k.
pap 23

OH + n-0CTANE

EXPERIMENTAL DATA

5.07x10'2 296 GREINER 1970

7.20%10%2 371 Flash photolysis of HZO(IZ)/Ar mixtures in the presence of
6.50x1012 371 n-octane at 6.9-17.3 Pa pressure. [OH] monitared hy ahsarption
8.62x1012 497 spectroscopy at 306.4 nm.

A 10-15% correction was made for the effect of secondary
reaction 24.
OH + Cgltj; —» products (24)
The expression kg = 1.78x1013exp(—365/1') em3mo1 ™ is™! derived
over the temperature range 300-500 K.
OH + n~Cgljg —* Cgl; + Hy0 (25)

- 299 ATKINSON, ASCHMANN, CARTER, WINER and PITTS 198214
Photolysis of CH4ONO(9-17 ppm)/NO(5 ppm)/n-octane(0.5~1.0
ppm)/n-hexane(0.5-1.0 ppm)/air mixtures at 299 K. Reactants
monitored by gas chromatography.
OH + n-CgHy, ~—— CcH,3 + Hy0 (6)
kZS/kb = 1.58 at 299 K. Using the rate constant ratio kq/kg =
0.453 determined in other workl!® and our value of ky (this
paper) we obtain kyg = 5.6x1012 cm’mo1”!s™
OH + n-Cylfjo —= GyHg + Hy0 (3

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986



568 ‘BAULCH ET AL,
OH + HIGHER ALKANES
REVIEW ARTICLE
Rate Constant Temperature
3 =] =1 Reference and Comnents
k/cm”mol s T/K
- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 19799
Review of gas phase reactions of OH with organic compounds.
Quotes Ref. 1.
OH + 2,2,3,3-TETRAMETHYLBUTANE
EXPERIMENTAL DATA
6.52x1011 294 GREINER 19701
6.96x1011 301 Flash photolysis of #,0(1%)/Ar mixtures in the presence of
8.57x1011 335 2,2,3,3-tetramethylbutane at 19.8~48.9 Pa pressure. [OH]
1.23x1012 370 monitored by absorption spectroscopy at 306.4 nm.
1.33x10%2 424 A 10~15% correction was made for the effect of the secondary
2.12x1012 495 reaction
OH + CgH;; = products. (24)
Author derived the expression ky, = 9.77x1012exp(~800/T)
cm3mol‘1s—l over the temperature range 300-500 K.
OH + (CH3)3CC(CHg)3 = (CH4)5CC(CH4),CHy + HYO  (26)
Used by Ref. 18.
- 753 BALDWIN, WALKER and WALKER 197911
Static systems 2,Z,3,3~Tetramethylbutane(U.025%) added to
slowly reacting mixtures of Hy(7-86%)/0,(7-72%) in N, at total.
pressure of 66.7 kPa and 753 K. [2,2,3,3-Tetramethylbutane]
measured by gas curomatography and [Hzl by measurement or
pressure change due to the reaction
2Hy + 0y = 2H,0. (27)
Allowances were made for the effects of self-heating and for
the unimolecular process (reaction 28) which accounts for about
15% of 2,2,3,3~tetramethylbutane consumption.
(CH3)4CC(CHg)3 — 2t-C,Hg (28)
Authors obtain koyg/k, = 8.0.
0H+H2——’~ H+H20 (4)
Using k, derived from an Arrhenius expreseionlo glves, koo =
3.0x1012 emdmo1ls™l ar 753 &
1.02x107 1%+ Oexp(-90/1)- 300-2000  CcoHEN 1982'%

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

Theoretical expression derived using transition state theory

and experimental data of Ref. l.
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OH + (CHz)3CC(CHg)3 — (CH3)3CC(CH3)oCH, + H,O

T/K
2000 1000 500 400 300
1 1 1 L Ll
4.0 Kk EXPERTIMENTAL DATA
e Greiner 1970
© Baldwin and Walker 197911
O Atkinson el 41, 198427
¥ Tully et ai. 1985%)
REVIEW ARTICLES
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BAULCH ET AL.

OH + HIGHER ALKANES

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/cm’mel s T/K
- 297 ATKINSON, CARTER, ASCHMANN, WINER and PITTS 198420
Photolysis of CH3ON0(8—27 ppm)/NO(S ppm)/2,2,3,3-tetramethyl
butane(0.5-1.0 ppm)/n-butane(0.5-1.0 ppm)/air mixtures at
wavelengths >290 nm. The reactions were carried out at 297 K
and about 97 kPa total pressure. {Alkane] monitored by gas
chromatography; [NOX] and [03] by chemiluminescence.
OH + n—C4H10 —_— CI‘HQ + HZO (3)
OH + (CH3)3CC(CH3)3 — (CH3)3CC(CH3)2CH2 + HZO (26)
Rate constant ratio k26/k3 = 0.41. Using our value of kj
(this paper) we obtain ko¢ = 6.6x1011 cmdmo17ls™! at 297 k.
5,71x1011 290 TULLY, KOSZYKOWSKI and BINKLEY 198521
8.91x10!! 348.5 Flash photolysis of H,0/N,0/2,2,3,3-tetramethylbutane
1.43x1012 423.5 mixtures at 53 kPa helium pressure over the temperature range
2.16x1012 506 290-738 K. Pseudo-first-order conditions where [OH}<<[2,2,3,3-
3.17x1012_ 606 tetramethylbutane}. [OH] monitored by resonance fluorescence.
5.64x1012 737.5 Authors fit the data to the expression, kp¢ =

1.02x10712Oexp (~90/T)

2.35x1012
2.14x1012
2.63x1012
3.16x1012
3.27x1012
3.99x1012

2.86x10972°20xp(-70/T) em3mo1~1s™t.

REVIEW ARTICLES

- ATKINSON, DARNALL, LLOYD, WINER and PITTS 19799
Review of gas phase reactions of OH with organic compounds.

Quotes Ref. 1.

300-2000 COHEN and WESTBERG 198322

Evaluations Dased on Greinex's datas

1

OH + 2,2, 4-TRIMETHYLPENTANE

EXPERIMENTAL DATA

298 GREINER 19701

305 Flash photolysis of H,0(1%)/Ar mixtures in the presence of
339 2,2, 4-trimethylpentane at 13.3-20.0 Pa pressure. [OHI
373 monitored by absorption spectroscopy at 306.4 nm.

423 A 10-15% correction was made for the effect of the secondary
493 reaction

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

EXPERIMENTAL DATA - CONTINUED

Rate Constant Temperature
3 -] -1 Reference and Comments
k/cm’mol s T/K
OH + CgH,y — products. (24)
The expression k,g = 9.33x1012exp(—425/'1‘) emd mo17le™! was
derived over the temperature range 300-500 K.
OH + (CH,)3CCH,CH(CH,), — Cg;; + Hy0 (29)
- 297 ATKINSON, CARTER, ASCHMANN, WINER and PITTS 198420

Photolysis of CH40NO(8-27 ppm)/NO(5 ppm)/2,2,4-trimethyl-
pentane(0.5~-1.0 ppm)/n~butane{0.5~1.0 ppm)/air mixtures at
wavelengths >29C¢ nm. The reactions were carried out at 297 K
and about 97 kPa total pressure. [Alkane] monitored by gas
chromatography; [NOx] and [03] by chemiluminescence.
Rate constant ratio kyg/kg = 1.42. Using our value of kg
(this paper) we obtain kg = 2.3x1012 cndmo1™ts™! ar 297 X,
OH + n=CyH; ) — C,Hg + H,0 (3)

REVIEW ARTICLE

- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 1979°
Keview of gas phase reactions of OH with organic compounds.
Quotes Ref. 1.

OH + n-NONANE

EXPERIMENTAL DATA

- 299 ATKTNSON, ASCHMANN, CARTER, WINER and PITTe losalé
Photolysis of CH30NO(9~17 ppm)/NO(5 ppm}/n-nonane(0.5-1.0

ppm)/n~hexane(0.5-1.0 ppm)/air mixtures at 299 K. Reactants
monitored by gas chromatograpby.

OH + n-Csﬂu. — CGHIS + HZO (6)

OH + n—CqHyq — CgH;g + Hy0 (30)
The rate constant ratio k30/k6 = 1,87 was obtained. Using
kq/kg = 0.453 determined in other work, > and our value of kq
(this paper) gives, kyq = 6621012 cudmo1™ls™! ar 299 %

OH + n~C,H; o = C;Hg + H,0 (3)

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + HIGHER ALKANES

EXPERIMENTAL DATA

Rate Constant
k/cmlmol ts™! T/K

Temperature

Referencc and Comments

OH + N-DECANE

- 299

ATKINSON, ASCHMANN, CARTER, WINER and PITTS 198214

Photolysis of CH,ONO(9~17 ppm)/NO(S5 ppm)/n-decane(0.5~1.,0
K} pmJ,

ppm)/n~hexane(0.5~1.0 ppm)/air mixtures at 299 K. Reactants
monitored by gas chromatography.
OH + n-CgHy, == Cglyy + Hy0 6)
OH + n=CygHy, = CygHy) + H,0 (31)

kgy/kg = 2,00 at 299 K. Using the rate constant ratio ky/kg =
0.453 determined in other wotk,15 and our value of ki, (this

paper) we obtain ky = 7.1x1012 cndmo1~ls7L,

OH + n=CjH 5 — C,Hg + H,0 (3)

Agreement between replicate irradiations not as good for

n-decane as for other n—~alkanes due to wall adsorption—

desorption problems.

Discussion

Kinetic rate data for the reactions between OH radicals
and methane, ethane, propane, and butane are abundant in
the literature. There are, however, relatively few data on
analogous reactions with higher alkanes, particularly at tem-
peratures above 300 K. Neopentane is an exception to this
and has already been covered in an earlier section. Limited
rate data are available on the reactions between OH radicals
and all the n-alkanes from n-pentane to n-decane at room
temperature.*6-%1214-16 Ay higher temperatures Baldwin
and Walker determined!® a ratc constant for the reaction
between OH and n-pentane at 753 K, and the analogous
reaction with n-octane was investigated by Greiner’ over the
temperature range 300-500 K. Experimental data on many
of the branched alkanes are equally sparse,->56:8:12:13.15.20
with much of the work being carried out by Atkinson and co-
workers. 2,2,3,3-tetramethylbutane is better represented
than the rest, with two sets of absolute data in the tempera-
ture range 300-740 K.

There are generally very few absolute rate data avail-
able for the higher alkanes, most of which were obtained in
Greiner’s flash photolysis experiments,’ with Tully et al.
providing the only other absolute rate measurements.>! The
remaining data are relative measurements, many of which
are presented by Atkinsoun and co-workers, using n-butane

J. Phys. Chem, Ref. Data, Vol. 15, No. 2, 1986

as reference compound.>®%1%152% Their results for reactions
between OH radicals and alkanes are usually consistent with
their previous work and are generally in good agreement
with both absolute and relative data from other sources. On
this basis we believe that their experimental rate data are
reliable and we are reasonably confident that rate constant
values derived from their work are accurate with error limits
of -+ 50% in most cases.

For each of the alkanes, we recommend a rate constant
for their reaction with OH radicals at 298 K. For some reac-
tions we may make our recommendation on perhaps only
one or two data points; this is taken into consideration and
reflected in our suggested error limits. The only alkane for
which a temperature dependence is recommended is 2,2,3,3-
tetramethylbutane. We feel that there are generally insuffi-
cient data to justify such recommendations for the other al-
kanes covered in this section.

OH + n-Pentane

With the exception of the rate constant determined by
Baldwin and Walker'® at 753 K, all the kinetic data for the
reaction between OH radicals and »-pentane were obtained
close to 300 K. Furthermore, all experimental results are
relative rate measurements.

Wu et al.” compared the decay rate of n-pentane with



EVALUATED KINETIC DATA FOR HIGH-TEMPERATURE REACTIONS 573

that of cis-2-butene giving the ratio k,/k, = 0.12 at 303 K:
OH 4 n-C,H,,—~C,H,, +H,0, (1
OH + ¢is-CH,CH = CHCH;—products. (2)

k, is put on an absolute basis using &, derived from an Arz-
henius expression,? giving &, = 3.8 102 cm® mol~' s~
Clearly this value is strongly dependent on the reference rate
constant k, for which there is considerable discrepancy
between literature values. Similar treatment of results from
analogous work on isobutane, #-hexane, and cyclohexane’
has, however, produced resuits in reasonable agreement
with absolute data.

Atkinson and co-workcers madc two relative mcasure-
ments of &, at about 300 K, using n-butane as reference
alkane in each case. Using our value of k; (this paper) we
obtain k, = 2.2X10"? and k, = 2.6 X 10" cm® mol~* 5™,
respectively:

OH + n-C,H,;—C,H, + H,0. (3)

Cox et al.** compared the decay rate of n-pentane with
that of ethane in the presence of OH radicals. Using a value
of ks from Ref. 19 gives k; = 3.0X 10" cm® mol~ s~ " at
300 K

OH + C,H ~sproducts. (5)

Barnes ef al.'® used both “photolytic” and “dark”
sources of OH radicals. The decay rate of n-pentane was
compared with that of propene and then normalized to eth-
ene. Combining their ratios with £ from Ref. 19 gives values
of k, that differ by nearly a factor of 2 at 300 K. With the
added uncertainties associated with the pressure dependence
of reaction (5), their results are not considered to be reliable.

Baldwin and Walker'® determined a value of &, at 753
K using their well established method of adding the alkane
to slowly reacting mixtures of H,/O,. After making
allowances for self-heating, a value of k,=6.7X10"
cm® mol~!s™! was derived from their experimental rate
constant ratio k,/k,, taking k, from an Arrhenius expression
given in the same work:

OH + H,—H + H,0. (4)

Despite there being no comparable data at this temperature,

we accept the value of Baldwin and Walker on the basis that

analogous work on methane and ethane has produced rate
- constants consistent with absolute data.

At ambient temperatures there is considerable scatter
in the data. From the rate constant ratio given by Wu ez al.”
wederive a value for %, that is about 509%-70% greater than
those given by Atkinson and co-workers,>!* whereas from
the photolytic work by Barnes er a/.' we obtain a value of k,
about 40%-50% lower than those in RefS. § and 14. We
recommend a value of

ky=2.5X10"%cm® mol~'s !

at 298 K with an error inlog k of A log k = + 0.2. Webase
our recommendation on the results of Atkinson and co-
workers®* since their work on other alkanes is generally
consistent with absolute data 514320

OH + 2-Methylbutane

There arc three cxperimental determinations of the rate
constant for the reaction between OH radicals and 2-methyl-
butane.>#2% All are relative rate measurements at room tem-
perature and in each case the decay rate of 2-methylbutane is
compared with that of n-butane.

Lloyd e al.f derived the rate constant ratio ko/k, = 1.1,
from which we obtain kg = 1.8 102 cm® mol™* s~* at 305
K using our valuc of &, (this paper):

OH + 71-C4H10~>C4Hg -+ Hzo, (3)

OH -+ iso-CsH ,—CsH,, + H,0. 1))

In similar work,®?° Atkinson and co-workers obtained
values of k,/k, from which we derive the rate constants,
kg =2.1X10"% and kg = 2.5 10" cm® mol ™' 57, respec-
tively, using our valuc of &; (this paper).

Although there are no absolute rate data available for
reaction (9), the three relative measurements are in good
agreement. We recommend a value of

kg = 2.4% 10" cm® mol™’ s~}
at 298 K with error limits of A log k = + 0.2.

OH - n-Hexane

There are few data on the reaction between n-hexane
and OH radicals, all of which are relative measurements at
ambient temperatures.

The earliest study of this system was made by Campbell
et al.* using n-butane as the reference alkane. Using our val-
ve of k; derived from our recommended rate expression
(this paper) gives kg = 3.9 102 cm® mol~'s~! at 292 K:

OH + n-CH,,—~CcH 3 + H0. (6)

Lloyd et al. determined K relative to n-butane to give®
ke/ky = 2.09 2t 305 K-

OH + 1-C,H,;—C,H, + H,0. (3)

Atkinson et al., using a similar method,* obtained the ratio
ke/fs = 2.21 at 299 K. We obtain a value of kg = 3.5 X 10**
cm® mol~* s~ at 298 K from both experimental ratios us-
ing values of &, derived from our recommended rate expres-
sion (this paper).

The only other value of %, is obtained from the rate
constant ratio determined by Wa et al. where the rate of
decay of n-hexane is compared with cis-2-butene.” A value of
ko= 3.5X10* cm® mol~* s™! at 303 K is obtained using k,
derived from the Arrhenius expression in Ref. 2:

OH + cis-CH,CH = CHCH,—»products. 2)

Despite there being few kinetic data for reaction (6), all
the rate constants are in good agreement with each other.
Although we can make no comparisons with absolute data,
we are reasouably confident that the value obtained by At-
kinson et al.'® is accurate to within error limits of + 50%.
This statement is backed up by the fact that rate constants

given for neopentane and cyclohexane in the same work
compare favorably with absolute data. We therefore recom-
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mend
ks =3.5%10" ecm® mol ™~ s~}
at 298 K with error limits of A log &k == + 0.15.

OH + 2-Methyipentane

There are three relative rate measurements of reaction
(11) at room temperature,®'%?°

OH + CH,(CH,),CH(CH;),—~C.H,; + H,0. (11}

1.layd et al .8 nged n-butane as reference alkane in their
system,

OH + n-C,H,—C,H, + H,0. (3)
Using their ratc constant ratio and our reccommended value
of k, (this paper) we derive, k,, = 2.9 102 ¢m® mol ! s~*
at 305 K. In similar work Atkinson ez al.?° compared the rate
of decay of 2-methylpentane with that of n-butane in the
presence of OH radicals. We derive a value of
kyy = 3.5%10" cm® mol~!s~! at 297 K using their rate
constant ratio and our value of k, (this paper).

Cox et al.'? obtained the rate constant ratio k,,/ks at
300 K from which we derive a value of k,, (taking ks from

Ref. 19) which is in good agreement with the earlier work of
Lloyd et al.,®

OH + C,H—products. (5

In the absence of absolute data we base our recommendation
of

ki =3.4%102% cm® mol~'s?

at 298 K on the three relative rate measurements®'>?° with
error limits of A log & = + 0.2.

OH + 3-Methylpentane

Twosets of experimental rate data are available on reac-
tion (12),%%°

OH + (C,H,),CHCH,—CH,; + H,0. (12)

In both cases the decay rate of 3-methylpentane is compared
with that of n-butane at room temperature. Their rate con-
stant ratios are put on an absolute basis using our value of &
(this paper),

OH + »n-C,H,,—C,H, + H,0. 3)
We recommend a value of
ki, =3.7x10"% cm® mol~1s~1,

with error limits of A log ¥ = + 0.2 at 298 K, based on the
two available relative measurements.52°

OH + 2,2-Dimethylbutane

The only experimental rate data available on the reac-
tion between OH radicals and 2,2-dimethylbutane come
from a recent paper by Atkinson ez al.,”®

OH + (CH,),CCH,CH,—C.H,, + H,0. (13)

Using n-butane as reference compound, the authors obtain a
rate constant ratio from which we derive a value of

kyz=1.6X 10”2 cm® mol ' s™?
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at 297 K, using our value of k; (this paper). We recommend
this value with error limits of A log &k = + 0.2 at 298 K.

OH + 2,3-Dimethylbutane

The kinetics of reaction (15) was investigated by
Greiner between 300 and 500 K using a flash photolysis sys-
tem,! '

OH + (CH,),CHCH(CH,),~+CgH,; + H,0. (15)

The experimental rate data appear to have a slight down-
ward trend with increasing temperature but this is consid-
ered to be a measure of the experimental precision rather
than indicative of a genuine negative temperature
coefficient. ~The author derived the expression
kys = 2.88X 10"? exp(130/7T) cm® mol ~* s~* over the tem-
perature range 300-500 K.

All other data are relative rate measurements at about
300 K and mainly obtained by Atkinson and co-workers.
Atkinson et al.’ compared the decay of 2,3-dimethylbutane
in the presence of OH radicals with that of ethane at 303 K
and a value of k5 = 2.4X 10" em® mol~! s~ is obtained.
Darnall et al® obtained a value of k;5=3.1X10"
cm® mol~! s~ ! at 305 K, using isobutene as the reference
cvompound in their photolysis system. This result comparcs
favorably with a value of k5 obtained by Darnall et al. in
later work,® in which n-butane was used as the reference
alkane,

OH + n-C,H,;—C,H, + H,0. (3)

Using the same reference alkane, Atkinson ez al.'® obtained a
rate constant ratio from which we derive a value of
ks = 3.9%10'2 cm® mol~' s~' at 299 K using our value of
k5 (this paper).

Cox et al.»* compared the decay rate of 2,3-dimethyibu-
tane with that of ethene to give a value of k5 = 2.3 X102
cm® mol™?! s~ at 300 K. The reaction between ethene and
OH radicals is pressure dependent and there is considerable
discrepancy between literature values for the rate constant
(factor of 2),

OH + C,H, —products. (5)

Taking ks from Refs. 17 and 19, we have, however, obtained
a value of k5 which is in reasonable agreement with other
data at ambient temperatures.

Although the literature values of k.5 at room tempera-
ture show a considerable degree of scatter, the most reliable
data suggest a value of

ks = 3.5% 10" cm® mol~!s™!

at 298 K with error limits of A log k& = - 0.2, We feel that
there are insufficient data to make a recommendation for the
temperature dependence of the rate constant for reaction
(15). :

Cohen combined data from Refs. 1 and 8 with transi-
tion state calculations to give the rate expression'®
kys =2.5X10°T>° exp(1200/T) cm®mol™'s™! between
300 and 2000 K.
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OH 4 n-Heptane

Atkinson et al.!* derived a rate constant for reaction
(1Y) at 299 K using n-butane as reference alkane:

OH + 1-C,H,c—>n-C,H,5 + H,0. (19)

The relative rate constant is placed on an absolute basis using
our recommended value for n-butane (this paper). No other
rate data for reaction (19) are reported in the literature and
s0 no direct comparisons can be made. In the same work,
however, a rate constant is given for the analogous reaction
between propane and OH radicals which is in excellent
agreement with absolute data for that reaction. We are there-
fore satisfied that the value of

kyo=45%10"” c® mol ™' s,

given by Atkinson ef al.,'* is accurate within error limits of
Alogk= +02at298 K.

OH + 2,2,3-Trimethylbutane

Greiner! obtained absolute rate parameters for the re-
action between 2,2,3-trimethylbutane and OH radicals
between 300 and 500 K. Although the rate data obtained
tend to decrease slightly with increasing temperature up to
about 370 K, it is considered to be a measure of the experi-
mental precision rather than indicative of a genuine negative
temperature coefficient. The author derived the rate expres-
sion k,; = 4.79x 10" exp( — 115/T) cm® mol~'s~! over
this temperature range:

OH + (CH,),CCH(CH,),—»CH,s + H,0.  (21)

Darnall ez «l. deterinined 4 value for &y, by comparison
of the decay rate of 2,2,3-trimethylbutane with that of isobu-
tene in the presence of OH radicals at 305 K. The authors
give k,; = 2.3x 10" c¢m® mol~'s~! which is about 20%
lower than Greiner’s value but is within the bounds of ex-
perimental error. Atkinson et al.?° also made a relative mea-
surement of k,, at 297 K using n-butane as reference alkane:

OH + n-C,H,—C,H, + H,0. 3)

Using our value of k5 (this paper) we derive a value of &,
which is in good agreement with the earlier works of
Greiner’ and Darnall ef a/.”

Baldwin ez al.*® made the only determination of k., at
higher temperatures. Their static system involved the addi-
tion of 2,2,3-trimethylbutane to slowly reacting mixtures of
H,/0, at 753 K. After correction for the effects of self-heat-
ing and the unimolecular decay of the alkane, the rate con-
stant k,; = 4.5X 10" cm® mol ~* s~ is given. Although no
comparison can be made with other data at this temperature,
rate data for other alkanes in the presence of OH radicals
given by Baldwin ez al. using an identical method, are gener-
ally consistent with ahsolute results.

In the absence of further data at both ambient and high-
er temperatures, we recommend

ky = 2.6 10" cm® mol ~*s~!
at 298 K with error limits of A log k = + 0.15. We feel that
there are insufficient data to justify making a recommenda-

tion for the temperature dependence of the rate constant for
reaction (21).

Cohen made an evaluation based on data from Refs. 1
and 8 and transition state calculations. The tecom-
mended expression of Aoy = 1.5 10%7T% cxp(925/T)
cm® mol ~! s~! between 300 and 2000 K is in good agree-
ment with experimental values.

OH + 2,4-Dimethyipentane

The only experimental rate data available on the reac-
tion between OH radicals and 2,4-dimethylpentane come
from a recent paper by Atkinson ef al.,%°

OH + (CH;),CHCH,CH(CH;),—~C;H;5s + H,0.

(23)
Using n-buiane as reference compound, the authors obtain a
rate constant ratio from which we derive a value of

ky;=3.3x10% cm® mol~'s™!

at 297 K, using our value of k5 (this paper). We recommend
this value with error limits of A log k= +0.2.

OH + n-Octane

The only two sets of data on the reaction between n-
octanc and OH radicals are provided by Greiucr' and Atkin-
son et al.'* In Greiner’s flash photolysis system, rate data
were obtained for reaction (25) between 300 and 500 K:

OH + n-C;H,3—C;H,;; + H,0. (25)
From his results, Greiner derived the rate expression,
kos = 1.78 10" exp( — 365/T) cm® mol~'s~! over this
temperature range.

Atkinson et al.'* obtained a rate constant ratio relative
to n-butane to give kps = 5.6 X 10 cm® mol~' s~ ! at 299 K.
Their value of k5 is in good agreement with that of Greiner’s
absolute data at ambient temperatures.' We recommend a
value of

kys =5.5x 10" cm® mol ! s~!
at 298 K with error limits of Alog k = +0.2. We feel that

there are insufficient data to make any recommendations for
k,5 above ambient temperatures.

OH + 2,2,3,3-Tetramethylbutane

Greiner® obtained absolute rate data for reaction (26)
between 300 and 500 K,

OH + (CH;):CC(CH,);—CgH,; + H,0. (26)

The author derived the rate expression k3 =9.77
X 10" exp( — 800/} cm® mol ~*! s~ over the temperature
range 300-500 K, using the experimental results.

Atkinson et al.*® obtained a rate constant ratio at 297 K
using »-butane as the reference compound:

OH + n-C,H,,—C,H, + H,0. 3)
Taking our recommended value of k; from this paper, we
derive a value of k,¢ that is in excellent agreement with
Greiner’s value at room temperagure.

At higher temperature, Baldwin et al.'! obtained a val-
ue of ke at 753 K using their method of adding the alkane to
slowly reacting mixtures of H,/O,. Allowances were made
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for the effects of seif-heating and for the unimolecular decay
of the alkane giving ks = 3.0 10" cm® mol~? s 1.

Recent flash photolysis work by Tully er al.?? gives ratc
constants for reaction (26) over the temperature range 290-
738 K. Their data are in excellent agreement with those ob-
tained by Greiner! and Atkinson ez a/.?° but agreement with
the high-temperature value of Baldwin ez al,'! which is
about 50% lower, is not so good. Tully ez al. give a rate
expression derived from the best fit to their data,
ko = 2.86 ¢ 10°T%%° exp( — 70/T) cm® mol~' s~ which,
unlike Greiner’s expression, takes into account curvature of
the Arrhenius plots. Furthermore, there is good agreement
with Cohen’s expression’® which is based on data from Ref. 1
and transition state calculations.

At 298 K we recommend a value of

ko= 6.6 10" cm® mol~'s ™!,
with error limits of Alogk= -4 0.15. In the absence of

further data in the intermediate temperature range (500
750 K), we recommend Cohen’s expression,

kpe = 1.0X107T2° exp( — 90/7T) cm®* mol s,

between 300 and 700 K, with error limits of
Alogk= +0.15at300 K risingto A log k = -+ 0.3 at 700
K.

OH + 2,2,4-Trimethyipentane

The only absolute kinetic rate data on the reaction
between 2,2 ,4-trimethylpentane and OH radicals come from
the flash photolysis work of Greiner.! Rate constants are
given (rom 300 to 500 K and an Arrhenius expression is
fitted to the data, giving ko = 9.33X 10" exp( — 425/T)
cm® mol™? s over this temperature range:

OH | (CH,);CCH,CH(CH,),—~C3H; + H,0. (29)

The only comparison that can be made with other work
is with the relative measurement of Atkinson et a/.*° Using
n-butane as reference compound, Atkinson ef gl. obtain a
rate constant ratio from which we derive a value of k,, at 297
K (taking a value of k; from this paper) which is in excellent
agreement with Greiner’s room-temperature result.! We
recommend a value of

kyo = 2.3 10'? cm® mol = s~ !
at 298 K with error limits of A log k = 4- 0.2, based on data
from Refs. 1 and 20. Clearly more high-temperature data are
required before we can make any recommendations for &,
above ambient temperatures.

OH + n-Nonane

The only available data on the reaction between n-non-
ane and OH radicals is a relative measurement made by At-
kinson et al.'* Using n-butane as reference alkane, authors
give a value of

ki = 6.6 10" cm® mol—'s~’
at299 K:

OH + n-CoH,;—CH,, + H,0. (30)
No other rate data for reaction (30) are reported in the liter-
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ature and so no direct comparisons can be made. In the same
work, however, a rate constant is given for the analogous
rcaction between propanc and OH radicals which is in excel-
lent agreement with absolute data for that reaction. We are
therefore satisfied that the value of k,, given by Atkinson et
al. is accurate within error limits of A log £ = + 0.2 at 298
K.

OH + n-Decane

Atkinson et al.'* have determined the only rate con-
stant for the reaction between n-decane and OH radicals:

OH + 1-CyH,;—C1oH,, + H,0. (31)

Their method was identical to that for the analogous reac-
tion with n-nonane, and a value of

ky, =7.1x10% cm® mol ™' s™!

is obtained at 299 K. The authors found, however, that the
agreement between replicate irradiations was poor, probably
due to wall adsorption—desorption problems. We therefore
recommend their value of k&, within error lmits of
Alogk= 4+0.3at298 K.
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10. OH + CYCLOALKANES

THERMODYNAMIC DATA

Thermodynamic data are unavailable for cycloalkyl radicals.

RECOMMENDED RATE CONSTANT

OH + Cyclobutane: k = 7.0x10** cm’mol™'s™* at 298 K.

Suggested Error Limits for Evaluated Rate Constant: Alog k = #0.3.

'E

OH + Cyclopentane: k = 3,Ux10'% cm®mo17%s™! at 298 K.
Suggested Exror Limits for Evaluated Rate Constant: Alog k = 10.2.

2 3 1 .~1

OH + Gyclohexane: k = 4.5%x101% cm’mo1"ts™! ac 298 x.

Suggested Error Limits for Evaluated Rate Constant: Alog k = #0.15.

OH + Mcthylcyclohexaner k = 6.6x1012 cm3mol-la-1 at 298 K.

Suggested Error Limits for Evaluated Rate Constant: Alog k = +0.2.
EXPERIMENTAL DATA
Rate Constant Temperature
3 -1 -1 Reference and Comments
k/cm”mol ‘s T/K

OH + CYCLOBUTANE

- 298 GORSE and VOLMAN 19742
VOLMAN 1975%

Static photolysis. H,0,(5.9%)/0,(34%)/CO mixtures at total
pressure of 2.12 kPa, photolysed at 254 nm in the presence of
c—C,4Hg. [0021 monitored by gas chromatography.

OH + c=C4Hg — c—C4Hy + Hy0 (1
OH + CO —» (.‘.()2 + H (2)
After correction for 6.5% n-butane impurity in c=CyHg, k;/ky =
7.92, Using our value of ky (Vol.3 p.203) gives k, = 7.0x101!
em3mo1™ls™! ar 298 k.
Used by Ref. 9.

8.1x10572* Oexp (- 30/T) 300-2000  COHEN 1982°

Thevretical expression derived using transition state Cheory
and experimental data of Ref. 2.

J. Phys. Chem. Ret. Data, Vol. 15, No. 2, 1986
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OH + CYCLOALKANES

REVIEW ARTICLES

Rate Constant Temperature
3 -1 -1 Reference and Comments
k/em”mol ™ *s T/K
- - ATKINSON, DARNALL, LLOYD, WINER and PITTS 19797
Review of gas phase reactioms of OH with organic compounds.
Quotes Ref. Z.
6n2.0 _ 13
8.4x107T“*Yexp(-30/T) 298-2000 COHEN and WESTBERG 1983

Evaluation. Based on data from Ref. 2.

OR + CYCLOPENTANE

EXFERIMENTAL DATA

- 298
- 300
- 299

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

YOLMAN 1975%
No experimental details given but probably similar to those
in Ref. 2.
OH + e=CgH;y — c~CgHy + H,0 (3)
kg = 3.7x10!2 cndmo1™ls™! at 298 k.
Used by Ref. 9.

DARNALL, ATKINSON and PITTS 1978°
Photolysis of NOx/cyclopentane(0.155-0.17l; ppm)/n-butane
(0.073-0.075 ppuw)/air mixtures at 100 kPa total pressure and
300 K. Alkasne concentrations monitored by gas chromatography.
C_CSHIO decay compared with that of “'CQHIO giving the rate
constant ratio, k3/k4 = 1,73
OH + c=CgH;q = c—CgHg + H,y0 (3)
OH + n—CiHyq —> C Hg + Hy0 (4)
Using our value of k, (this paper) gives kg = 2.8x1012
en®mol™ls™! at 30U K.
Used by Ref. 9.

ATKINSON, ASCHMANN, WINER and PITTS 19828

Static system. CH4ONO(4-15 ppm)/NO(5 ppm)/cyeclopentane(0.5-
1.0 ppm)/cyclohexane(0.5-1.0 ppm)/air mixtures photolysed
2290 nm and 299 K. Organic reactants monitored by gas

chromatography.
Of + c~CgHjq —» c~Cglg + H,y0 (3
OH + n—C H,;; — C Hy + H,0 (4)
OH + c—CgH ) — c-CgHy; + Hy0 (5

k3/k5 = 0.704 at 299 K. Using the ratio k,/kg (obtained in the

same work) and our value of kg (this paper) kg = 3.3x1012

endmol™ts7LL
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OH + CYCLOALKANES

EXPERIMENTAL DATA - conTinueD

Rate Comstant Temperature
3 =] =1 Reference and Comments
k/cm mol™ s T/K
4.8x10%72 Lexp (4 30/T) 300-2000 COHEN 1982°

Theoretical expression derived using transition state theory

and experimental data of Refs. 4 and 6.

REVIEW ARTICLES

- - ATKINSON, DARNALL, LLOYD, WINER and PITTS ].9797

Beview of gas phase reactiouns of OH wlth orgaulc compounds.

Quotes Refs. 4 and 6.

4.8x10%72 1 oxp (430/T) 300~2000 COMEN and WESTBERG 198313
Evaluation. Based on data from Refs. 4 and 6.

OH + CYCIOHFXANF

EXPERIMENTAL DATA

4.79x1012 295 GREINER 1970}

5.06x1012 338 Flash photolysis of H,0(1Z)/Ar mixtures in the presence of

4,66x1012 338 cyciohexane(7.4-19 Pa). [OH] monitored by absorption

7.10x1012 370 spectroscopy at 306.4 nm.

5.98x1012 373 OH + e~Cgll;, —= cCgl;; + Hy0 (5)

6.29x1012 425 A correction of 10-15Z wae made for the effect of the

6.07x1012 425 secondary reaction

7.47x1012 497 OH + c~CgH;, —* products. (6)
Author derived the expression kg = l.41x10%%exp(-320/T)

em3mo1~Ls™! over the temperature range 300-500 K.

Used by Ref. 9.

- 298 GORSE and VOLMAN 19742
VOLMAN 1975°
Static photolysis. H30,(5.9%)/0,(34%)/CO mixtures at 2,12
kPa total pressure irradiated at 254 nmw in the presence of
cyclohexane., [602] monitored by gas chromatography.
0H+CO—->CO2+H (2)
OH + c=CgHy, — c~CgH;; + Hy0 (5)
kg/ky = 44.8. Using our value of k,(Vol.3 p.203) gives
kg = 401012 cm3no17ls7! at 298 k.

J. Phys. Chem. Rel. Data, Vol. 15, No. 2, 1986
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OH + CYCLOALKANES

EXPERIMENTAL DATA - cCONTINUED

Rate Coanstant Temperature

k/cm:‘]mol-ls“'l

T/K

Reference and Comments

1.4x10871 * Cexp(400/T) 300-2000

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986

303

299

299

WU, JAPAR and NIKI 19765
Photolysis of NO, at ppm level in NO(ppm)/ cyclohexane
(ppm)/ air or He/0,(21%) mixtures. NO, NO, and 04
concentrations monitored with NO/O, chemiiuminescence
detectors. [cyclohexane] measured by gas chromatography.
Cyclohexane removed by reaction with OH, O and 04 but last
two contribute <6% to total decay. Decay rate of cyclohexane
compared with that of cis—2-butene, leading to kS/k-,. = 0.12.
OH + c—CgHyy —> c—CgH;, + Hy0 (5
OH + cis=CH4CH=CHCH3 — products (7)
Using k; derived from the Arrhenius expression given in Ref. 3,
ks = 3.9x10!2 cmdno1™ls7! at 303 k.

ATKINSON, ASCHMANN, WINER and PITTS 19828
Static system. CH3ONO(4-15 ppm)/NO(5 ppm)/cyclohexane(0.5-
1.0 ppm)/n=Cy8,(0.5-1,0 ppm)/air mixtures photolysed 2290 nm
and 299 K. Organic reactants monitored by gas chromatography.
OH + n=C,H,o = C,Hy + H50 (4)
OH + c-Cﬁle —r c—CGHu + HZO (5)
kg/k, = 2.92. Using our value of k, (this paper) we obtain
kg = 4.7x10'% enmo1™ls™! ar 299 k.

COHEN 1982°
Theoretical expression derived using transition state theory

and experimental data of Ref. l.

ATKINSON, ASCHMANN and PITTS 1983'0
Photolysis of CHJ0ONO(3-6 ppm)/NO(5 ppm)/cyclohexane(l-2
pru)/propene(l-2 ppw)/air wmixtures atL »>290 nm aud 299 K.
[cyclohexane] and [propene] monitored by gas chromatography.
OH + c~CgH;,) = c~CgHy| + Hy0 (5
OH + CHig —» products (8)
Authors obtain k5/k8 = 0.270 and using a mean value of kg =
1.52x1013 cmamo]."ls—l, kg = 41x10'2 emdmo1™is™! ar 299 k.

REVIEW ARTICLES

ATKINSON, DARNALL, LLOYD, WINER and PITTS 19797
Review of gas phase reactions of OH with organic compounds.
Quotes Refs. 1,2 and S.
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OH + CYCLOALKANES

REVIEW ARTICLES - CONTINUED

T t
Rate;‘mitaf; emperature Reference and Comments
k/cm’mol™ *s T/K
1.4x10871 - Cexp(400/T) 300-2000 COHEN and WESTBERG 1983!3

Evaluation. Based on data from Refs. 1 and 2.

0h + METHYLCYCLOHEXANE

EXPERIMENTAL DATA

297 ATRKINSON, CARTER, ASCHMANN, WINRER and PITYTS 196"}17

Photolysis of CH30NO(8-27 ppwm)/NO(5 ppm)/methylcyclohexane
(0.5-1.0 ppm)/n-butane(0.5-1.0 ppm)/air mixtures at wavelengths
2290 nm. The redctions were carried out at 297 K and about
97 kPa total pressure. [Alkane] monitored by gas
chromatography; {NO,] and [03] by chemiluminescence.

OH + CgH) CHg — C;H; 4 + Hy0 9

Rate constant ratio kg/k, = 4.12. Using our value of kg
(this paper) we obtain kg = 6.6x1012 cm3mo1ts7t at 297 k.

OH + BI- anp TRI-CYCLOALKANES

EXPERIMENTAL DATA

- 299 ATKINSON, ASCHMANN and CARTER 198211
Static system. CH30NO(5—15 ppm)/NO(5 ppm)/cyclohexane(1.0
ppm)/reactant alkane(l.0 ppm)/air mixtures photolysed >290 nm
and 299 K. The reactions cf‘ ‘cyclohexane {reference alkane) and
reactant alkanes {RH)} with reactive species other than OH were
negligible (<1%) under the experimental conditions used.
Organic reactants monitored by gas chromatography.
OH+RH-—>R+H20 (10)
ko determined from the experimental rate constant ratio
klO/kJ’ ueing kg = /1.56x1012 cm3m01-ls-l from Ref. 8.

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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OH + CYCLOALKANES

EXPERIMENTAL DATA

~ CONTINUED

Rate Constant Temperature
k/cmamal"ls"l R Reference and Comments
R K o/ks K o/em’mo1™ts ™!
Bleyclo[2.2.1] heptane 0.731 3.3x1012
Bicyclo[2.2.2]octane 1.96 8.9x1012
Bicvelol3.3.0)octane 1.47 6.7xtnl2
cis-Bicyclo[4.3.0lnonane 2.29 1.0x1013
trans~Bicyclo[4.3.0lnonane 2.35 1.1x10%3
cis~Bieyclof4.4.0]decane 2.65 1.2x10!3
trans-Bicyclo[4,4.0]decane 2.72 1.2x1013
Tricyclo[5.2.1-02’6]decane 1.51 6.9x1012
Tricy010[3.3-1-13’7]decane 3.07 1.4x1013
Discussion 298 K agree within -+ 10% of our recommended values for

There are few available data on the reactions between
OH radicals and cycloalkanes. No kinetic rate data are re-
ported on the reaction between OH radicals and cyclopro-
pane, and only limited data for the corresponding reactions
with cyclobutane,? cyclopentane,*%* cyclohexane,'*>%10
and methylcyclohexane'? are found in the literature. In ad-
dition. Atkinson ef al.!! determined rate constants for the
reactions between OH and some bi- and tricycloalkanes at
299 K. With the exception of Greiner’s flash photolysis work
on cyclohexane,! all the rate constants are obtained from
relative measurements, predominantly by Atkinson and co-
workers. In some cases we have recommended a rate con-
stant at 298 K based on only one or two data points. Clearly
this is not entirely satisfactory and more experimental data
are required before we can be confident in our quoted value.
This uncertainty is, however, reflected in the error limits
that we have given. We feel that there are insufficient data at
temperatures greater than 300 K to justify the recommenda-
tion of a temperature dependence in the rate constant of any
alkane covered in this section.

Cohen recently evaluated kinetic data for the reactions
between OH radicals and cyclobutane, cyclopentane, and
cyclohexane.® The recommended rate expressions given are
based on both experimental data and transition state calcula-
tions. Kate constants derived from Cohen’s expressions at

J. Phys. Chem, Ref. Data, Vol. 15, No. 2, 1986

each of these cycloalkanes.

OH + Cyclobutane
Gorse and Volman®* investigated the reaction between
OH and cyclobutane using a photochemical method. The

decay rate of cyclobutane was compared with that of CO. A
value of k; = 7.0x 10" cmm® mol—* s~ was derived at 298

K:

OH + ¢-C Hgc-CH, + H,0. (1)
Since no other values of &, are given in the literature, it is
difficult to evaluate their data. Gorse and Volman have,
however, derived rate constants from analogous work on the
alkanes propane and n-butane,? which although tending to
be high, do compare reasonably well with absolute data at
298 K. We therefore make a tentative recommendation of

k, =7.0x 10" cm® mol~!s™!
at 298 K, with error limits of A log k == + 0.3.

OH + Cyclopentane
There are few data on the reaction between OH radicals
and cyclopentane:
OH + C’CsHlo“—PC"Cshg ‘+‘ Hzo. . (3 )
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Volman* gives a value of k; = 3.7X10"? cm® mol = s~ " at

298 K, but gives no experimental details. Atkinson and co-
workers give two values of k5 at around 300 K using #-bu-
tane as reference alkane.%® Despite both values being in good
agreement with each other, there is a lack of comparable
data from other sources. Using the same experimental meth-
ods, however, rate constants have been obtained for OH
radicals with propane,®® isobutane,® and neopentane®® by
the same authors, all of which agree very closely with abso-
lute data at the same temperature. On this basis we therefore
accept the values of k; given by Atkinson ef al. and recom-
mend

Kk, =3.0%x102% cm3 mol~1¢~!

with error limits of Alogk = +02at 298 K.

OH + Cyclohexane

The reaction between OH and cyclohexane has been
investigated to a greater extent than other cycloalkanes.
Greiner studied the kinetics of reaction (5) between 295 and
497 XK using a flash photolysis system,’

OH + ¢-CH,,—¢-C¢Hy, + H,0. 5
The expression ks = 1.41 X 10" exp( ~ 320/7T) cm® mol ™!
s~! was derived over the temperature range 300-500 K,
which leads to a value of ks = 4.8 10" cm® mol~'s™! at
298 K. Greiner has obtained rate expressions for a variety of
other alkanes using the same experimental method,! and
where comparison with other data is possible, his results are
generally in very good agreement.

Gorse and Volman®>* determined a value of
ks =4.0%10"2 cm®* mol™'s™' at 298 K using CO as the
reference reactant in their photochemical system. Wu et al.?
compared the decay rate of cyclohexane with that of cis-2-
butene. Taking thc ratc constant for OH + cis-2-butcne
from Ref. 3, we obtain k5 = 3.9 10" cm® mol = s~ at 303
K. Although this value for k5 appears low compared to
Greiner’s result,’ it must be remembered that it is strongly
dependent on the reference rate constant for which there is
considerable discrepancy between literature values.® Two
values of ks were determined by Atkinson and co-
workers,®1° both in good agrecment with Greiner’s absulule
data, using n-butane and propene as reference reactants.

Both Greiner’s and Atkinson’s results are generally
consistent with absolute data for the reactions between other
alkanes and OH radicals, and on this basis we accept their
rate data for cyclohexane and recommend a value of

s =4.5X10? cm* mol~'s™!
at 298 K with error limits of A log k = + 0.15.

OH + Methyicyclohexane

In a recent paper, Atkinson et al.’* reported the rate
constant for the reaction between OH radicals and methyl-
cyclohexane for the first time:

OH + C¢H,,CH,—~C,H,; + H,0. (9

Using n-butane as reference compound, the authors ob-
tain a rate constant ratio from which we derive a value of

kg =6.6X10" cm® mol~*s™!

at 298 K. In the absence of confirmatory data we tentatively
recommend their value with error limitsof A log k = +0.32.

OH + Bi- and Tricycloalkanes

Atkinson er al.!" determined rate constants for the reac-
tions between OH radicals and some bi- and tricycloalkanes
using cyclohexane as the reference alkane. Their results are
tabulated in the iext. No recommendations are given in this
work.
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11. General Formulas for the Rate
Constants for the Reactions of OH Radicals
with Alkanes

Values for the rate constants for hydroxy! radical reac-
tions with hydrocarbons are required for modeling combus-
tion processes and atmospheric chemistry. As the material
in this article demonstrates, only a relatively small number
of such rate constants have been measured and, of those,
only a very few have been studied over a wide temperature
range. To provide the required data for modeling, attempts
have been made to devise methods for predicting unknown
rate data for OH radical reactions by extrapolation from
existing data.

Various methods have been tried. Here we discuss three
types of approach: (1) empirical additivity schemes, (2)
transition-state methods, and (3) correlation with molecu-
lar properties and analogous reactions; and we compare
their predictions with our evaluations.

11.1. Empirical Additivity Schemes

Greiner! measured the rate constants for the reaction of
OH with several alkanes over the temperature range 295-
500 K and, on the basis of these results, proposed that the
overall rate constant, k gy, for OH abstracting a hydrogen

J. Phys. Chem. Ref. Data, Vol. 15, No. 2, 1986
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aturn from an alkane may be expressed as
kpn = n,k, +nk, +nk,, (1)

where n,, iy, and n, are, respectively, the numbers of pri-
mary, secondary, and tertiary hydrogens in the alkane, and
k,, k;,and k, are the corresponding rate constants for ab-
straction of a primary, secondary, and tertiary hydrogen.
The k. k;, and k, are considered to be independent of each
other over the whole temperature range and from one alkane
to another.

Others before have adopted the same approach for the
reactions of atoms and radicals with alkanes.>* Greiner de-
rived values of k,, &, and k, and as more data have become
available these values have been updated, notably by Atkin-
son and his co-workers®” and by Baldwiu aud Walker.® The
first of these groups in their earlier papers>® derived for & p
at 300 K the expression

kga/cm® mol ! s™! = 3.91X10"n, + 3.49X 10"n,

+ 1.26 X 10", 2)
using data from Refs. 1, and 9-23. To obtain the temperature
dependence of k,,, X, and &, the data of Greiner' for pro-
pane, z2-butane, isobutane, neopentane, 2,3-dimethylbutane,
2,2,3,3-tetramethylbutane, 2,2 4-trimethylpentane, and n-
octane were nsed, and of Perry et al.'’ for n-butane. They
obtained

kgag/cm® mol ™! 577 = 6,08 10" exp( — 823/T)n,
-+ 1.45X 10" exp( — 428/T)n,
+ 1.26X 10"%n, (3)

for the temperature range 300-500 K.

Baldwin and Walker® adopted a rather different ap-
proach. They reasoned that the work from any one laborato-
ry using a particular technique may well contain systematic
errors and therefore in making comparisons with others’
work it may be more valid to compare rate constant ratios, in
which systematic errors may have cancelled to some extent,
rather than compare absolute rate constant values. They
therefore combined together values of & gy /k y, from differ-
ent laboratories, where k,, refers to the reaction

OH +H,H,0 + H.

The values of k gy /K, used were those of Greiner’ covering
the temperature range 300-500 K and their own values® de-
termined at 753 K. These gave

kry/ky, = 0.214 exp(1070/T)n, + 0.173 exp(1820/1)n,
+ 0.273 ¢xp(2060/THn,.

Evaluation by Baldwin and Walker of the experimental data
for kg, gave ky,/cm’mol™'s™'=1.28%10° T'°
X exp( — 1480/T), which when combined with the above
expression for k gy /Ky, gives

kg /cm® mol™! s71 = 2,74 X 10°T"* exp( — 410/1)n,
+2.21X10"T* exp(340/T)n,
+ 3.49X10°T** exp(580/T)n,. (4)
Equations (3) and (4) are identical at 300 K within the
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error limits of the experimental values, but differ consider-
ably at higher temperatures.

In their most recent study, Atkinson et al.” have modi-
fied Eqs. (2) and (3) to deal with the effects of neighboring
groupson £, and k. On the basis of largely their own data on
19 acyclic hydrocarbons and some cyclic compounds, they
propose the following formula for k gy at 298 K:

max dg max ng ,

n n

knu =npk, + Y n(ng)kFP 4+ Y n () kOF
ng =10 ng="0

(5

ko Kk °, and k? are rate constants for the CH,, CH,(CH,),,
and CH(CH,;), groups, respectively. ny and nj are the
number of carhons in the A position relative to the group
center. n, is the number of CH,~ groups in the molecule;
n (ng) is the number of -CH,— groups with #, next nearest
neighbors; and n, (rg ) is the number of ~CH- groups with
ng next nearest neighbors. F, and F, are constant factors
modifying & ? and k %, respectively, due to the replacement of
CH, groups by other groups.

Sincc ng, np, n,, ny (ng), and n, (ng)all relate to the
structure of the alkane, there are, in effect, just five empirical
quantities, k,, k2, k7, F,, and F, required to calculate k py; .
Fitting this relationship to the available data,*>2* Atkinson et
al. obtain at 298 K,

. = 108 10" cm® mol™! s,

k0= 5.54510" cm®mol~!s~},

k9 =1.02x10" cm®mol ™5™},

F, =F, =127.

These values were obtained, in the main, from data on
acyclic compounds but also fit the data for unstrained cyclic
alkanes (cyclohexane, methylcyclohexane, cis-bicyclo
[4,4,0]decane and #rans-bicyclo[4,4,0]decanc). The data
on the strained cycloalkanes are reasonably well fitted at 298
Kby

In (Je prained s unstreinedy . 027 — 0.015 E /k¥F mol ™!,

(6)
where E is the strain energy and k""" ig the value of &
calculated from the values of k,,, k2, k7, F,,and F, already
given.

In Table 1 we compare the rate constant values calcu-
lated from Eq. (4), and the values calculated from Eq. (5)
using the parameters of Atkinson ez al., with our recom-
mended values and others experimental results at 298 K.
Equations (4) and (5) conform to the experimental results
10 better than 10% in most cases. However, both approaches
have their “failures.” That of Atkinson et al. gives very high
values for 2,4-dimethylpentane and 2,2,4-trimethylpentane;
the Baldwin and Walker expression is rather hetter far these
compounds but gives low values for the higher normal ai-
kanes.

Atkinson er al.” have also considered the effects of
neighboring groups in deriving the temperature dependence
of k, and k,. They assume that the effect of increasing the
number of next nearest neighbors is to reduce the activation
energy rather than increase the pre-exponential factor for
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Table 1. Comparison of rate constants calculated from empirical additivity expressions,

with our recommended values and other experimenta) data at 298 X,

Atkane 10"12kRH/cm3mol‘1s'1
Equation {4) Equation (5) Exper‘imentala

n-Alkanes
Propane 0.93 Q.77 0.73
n-Butane 1.64 1,61 1.55
n-Pentane 2.36 2.50 2.49
n-Hexane 3.07 3.39 3.43
n-Heptane 3.79 4.28 4.40
n-Octane 4.580 .18 §.43
n-Nenane 5.21 6,02 6.44
n-Decane 5.93 6,93 6.87
Branched Alkanes
Iscbutane 1.58 1.34 1.38
Neopentane 0.44 0.43 0.46
2-Methylbutane 2.29 2.50 2.39
2-Methylpentane 3.01 3.44 3.42
3-Methylpentane 3.01 3.73 3.48
2,2-Dimethylbutane 1.15 1.55 1.60
2,3-Dimethylbutane 2.94 3.70 3.77
2,2,3-Trimethylbutane 1.79 2.61 2.54
2,4-Dimethypentane 3.66 4.44 3.17
2,2,3,3-Tetramethylbutane 0.65 0.64 0.64
2,2,4-Trimethylpentane 2.51 3.63 2,20
Unstrained Cycloalkanes
Cyclohexane - 5.32 4,56
Methylcyclohexane - 6.63 6.38
cis-Bicyclo[4,4,0)decane - 13.31 12.1
trans-Bicycio{4,4,0]decane - 13.31 12.4

Our
Evaluation

0.79
1.6
2.5
3.5
4.5
5.5
6.6
7.1

1.6
0.54
2.4

3.7
1.6
3.5
2.6
3.3
0.66
2.3

4.5
6.6

2 A1l experimental data based on a rate constant for the reaction of OM radicals with n-butane of

1.55»1012 cm3mol"l:"l given in Refs. 6,29 and 30, OData arc from Refs. 6,7,29 and 30,
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abstraction from both secondary and tertiary groups. Thus
they express k,,, k,, and k, in the form

k,=A, exp( — E,/RT),
k,=Aexp[ — (E2—ny,RTInF,)/RT1],
k,=A{exp][ — (EY —ngRTIn F,)/RT].

On the basis of Greiner’s data’ on propane, n-butane,
isobutane, neopentane, 2,3-dimethylbutane, 2,2,3,-trimeth-
ylbutane, 2,2,3,3,-tetramethylbutane, r-octane, 2,2,4-tri-
methylpentane, and cyclohexane, and of Perry et al.** for n-

butane, all of which were obtained over the temperature
range 300-500 K, Atkinson ef al. obtain the expressions

k,/em3mol™! 571 = 1.725¢10'2 exp( — 823,77, 7
k,/cm® mol ™' s7! = 2.33% 10"

Xexp[ — (528 — 70n; }/T ], ¢))
k,/cm® mol ™' 87! = 1.02% 10" exp[ (7015 )/T].  (9)

Substituting these values into Eq. (5) allows the estimation
of OH radical rate constants for alkancs which do not exhibit
steric hindrance and for unstrained cycloalkanes. It should
be noted, however, that there appears to be an inconsistency
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in the temperature dependence expression for k, which may
have arisen from the derived pre-exponential factor 4 2.
The only alkanes for which there are sufficient experi-
mental data to derive an expression covering a temperature
range are methane, ethane, propane, n-butane, isobutane,
and neopentane. We compare in Figs. 1-5 our evaluations
with the rate constant values predicted by Egs. (3), (4), and
(5), and also with the expressions derived by Cohen using
transition state theory,?* which we discuss later. Methane,
because of its high C-H bond strength is considered to be
exceptional and is not covered by Egs. (3), (4), and (5).
Over a temperature range, the expression of Baldwin
and Walker Eq. (4), appears to be the best of those based on
empirical additivity rules. Equations (3) and (5) predict too
low a curvature on the Arrhenius plots. They were based
only on data up to 500 K and their extrapolation to higher
temperatures is much less successful than extrapolation of
Eq. (4), which even at 1000 K would probably give values of
k gy within 50% of the true value. It is difficult to know how
it would perform at even higher temperatures, but where no
experimental data are available these cxpressions provide a
valuable first approximation to k gy as do those of Cohen®*
which are based on the Baldwin and Walker expressions.
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F16. 3. OH + n-butane:
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11.2. Transition State Calculations

Cohen?* has applied transition state theory to the calcu-
lation of k gy, . He starts with the additivity assumption that
k ru may be expressed as

bepp = Koty + kon, + ko,
and cach of the rate constants, &, &, and k; may be cx-
pressed intheform AT " exp(B /T). Using a transition state
model, the pre-exponential term AT " is calculated for each
of k,, k,, and k. The exponential term for each of these
constants is then obtained by combining the calculated 47"
at 7= 300 K with the experimentally measured value of
k zy; at 300 K. The constant B is obtained by fitting the caicu-
lated rate constants Lo the assuned three-parameter expres-
sion. Where the alkane contains more than one type of hy-
drogen it is also necessary to know the ratio &, :k, :k, at 300
K in order to separate the measured & p,, intoits components
and hence obtain values of exp(B /T’ for each of the compo-
nents. Cohen has taken these ratios from the empirical
expression of Baldwin and Walker, Eq. (4). In this way the
theoretical calculation is “‘anchored” by the experimental
data at one temperature, usually, but not necessarily 300 K.
Values of kgy are calculated at various temperatures and
fitted to the overall expression k gy = AT " exp(B/T). The
expressions so obtained are compared with experiment in
Figs. 1-5. The agreement is often extremely good but it must
be appreciated that in the model used for calculating AT "
there are a number of variable parameters allowing consider-
able, but not unlimited flexibility in fitting theory to experi-
ment. The true test of the value of this technique will be in
how well the theory, fitted and anchored hy low-tempera-
ture experimental data, will predict values of k py at higher
temperatures. Sufficient data are not yet available to make
such a test.

It should be noted that in Cohen’s treatment &, &, and
k. are not assumed to be the same for all molecules. It is
recognized that values of X, k,, and &, are affected slightly
by the molecular environment in a manner difficult to pre-
dict. Use of the experimental data to anchor the calculation
should help to overcome this problem also.

11.3. Correlations with Molecular Properties and
Analogous Reactions

The correlation between rate constants for OH and the
corresponding rate constant for O(*P) reacting with a range
of compounds has been studied by Gaffney and Levine®® and
by Sanhueza and Lissi.?® For the alkanes, logarithmic plots
of the one rate constant versus the other are roughly linear
and the scatter of data points is such that it appears possible
to predict the one rate constant from a knowledge of the
other at 300 K to within a factor of about 2. This work has
been briefly, but critically, assessed by Atkinson.”

There has long been interest in the correlation between
the activation energies for a series of related reactions and
the dissaciation energy of the honds being broken in the reac-
tions. Several authors have considered this for the reaction of
OH radicals with alkanes.?**?7-? Atkinson*’ has shown
that the logarithm of the abstraction rate constant per C-H
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bond versus bond dissociation energy gives a good straight
line allowing the assessment of k,,, k,, and k, at 300 K to

within about + 50%.

Heicklen*® has attempted to extend this correlation to
other temperatures, by assessing the variation of bond disso-
ciation energy with temperature. Over the range 200400 K
his treatment appears to reproduce the experimental values
of k gy to within a factor of about 3.

A major limitation in the predictive abilities of correla-
tions involving bond energies is the accuracy with which
su . energies are known. An error of +4 kImol™'in a
b .ad dissociation energy may introduce a corresponding
change in the value of k gy of about a factor of 2 at 300 K. At
the moment corrclations of &k gy with molecular properties
are less accurate for predicting unknown rate data than are
empirical additivity schemes and seem to offer few advan-
tages.
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