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A Compilation of Kinetic Parameters for the Thermal Degradation of n-Alkane Molecules 

D. L. Allara 

Bell Laboratories, Murray Hill, New Jersey 07974 

and 

Robert Shaw 

1162 Quince Avenue, Sunnyvale, California 94087 

A list of several hundred free-radical reactions which occur during the 
low temperature (700-850 K) pyrolysis of small n-alkane molecules has been 
assembled and a set of reliable, self-consistent Arrhenius rate parameters has 
been assigned on the basis of experiment, theory, thermochemical estimates 
and structural analogy. Rate parameters have been recommended for the 
following types uf reacLiuus, wiLh Lhe llU1llUer vf each type ill parellLhe::se::s. 
initiation (32), recombination (135), disproportionation (108), H-transfer (112), 
decomposition (41), addition (58), and isomerization (11), giving a total of 505 
reactions. This compilation is intended for use in assembling reaction matrices 
in computational modeling studies of the thermal reactions of hydrocarbon 
molecules. 

Key words: Addition; chetnic!al kinetics; decotnposition; disproportion9.tion; H-trsns:fer; 

initiation; isomerization; n-alkane pyrolysis; rate constants; recombination. 
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1. Introduction 

1.1. Objectives 
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The obje.c.tives of t.his report are to compile a reason­
ably complete list of the reactions which occur during 
the low temperature (700-850 K) pyrolysis of $mall 
n-alkane molecules and to assign a set of relis. ble and 
self-consIstent rate parameters. These data are in­
tended for use in assembling reaction matrices in 
computational modeling studies of thermal reactions 
of small alkane molecules. 

1.2. Scope and Limitations 

The total number of reactions which can occur 
during the pyrolysis of an alkane molecule number in 
the thousands. The present compilation is restricted 
to several hundred of the most significant reactions. 
Rate parameters have been recommended for the 
follo'''ling types of reactions, with the number of each 
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type in parentheses: initiation (32), recombination 
(135), disproportionation (l08) , H-transfer (112), 
decomposition (41), addition (58), and isomerization 
(11), giving a total of 505 reactions. NIany of these 
mayor may not participate significantly in a given 
pyrolysis depending upon the concentrations of initial 
species present and the extents of conversion, but at 
low conversions (several percent) and temperatures 
(700-850 K) this compilation is a reasonably complete 
representation of the pyrolysis reaction set of n-alkanes 
up to G,B12. Other reactions may be added to this 
set as needed and in many cases the rate parameters 
may be estimated by analogy with similar reactions 
in the present set. 

Reactions of vibrationally excited radicals and sur­
face reactions have not been considered. The reactions 
are thus restricted to conditions of high pressures (in 
general, several hundred torr) and inert rea,ctor walls. 

The par8.,lneters are evaluated, wherever possible, 
at 700 K, the low temperature side of the pyrolysis 
region. This lends more confidence to the application 
of many of the experimental data on free radical reac­
tions which have been traditionally measured at tem-
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peratures within 100-200 K of ambient. In a few 
cases (H-abstraction reactions) where high and low 
temperature parameters appear to differ dramatically, 
suggested high temperature parameters have also been 

. included to extend the set to temperatures >900 K. 
Finally, although the literature through 1977 has 

been searched, this compilation is not intended to be 
a thorough review nor a comprehensive critical eval­
uation of experimental methods or data. Rather, it is 
intended to be a selected set of parameters chosen on 
a reasonably self-consistent basis. For example, wher­
ever possible, parameters for corresponding forward 
and back reactions have been chosen to. be consistent 
with thermochemical parameters. In other cases, such 
as addition and abstraction reactions, the assignments 
have been made to be consistent with thermochemistry 
and addition/abstraction ratios. Many types of rate 
data in the literature have been reported relative to 
radical recombination rates and an effort has been 
made to apply the preferred l-ecombination rates in 
this report to recalculate literature data based on 
different recombination rates. 

1.3. Methods of Assignment 

1.3.a. Experimental Values 

Many of the experimental data on pyrolysis reac­
tions can be found in recent reviews on alkane 
pyrolysis [1, 2],1 several general rate compilations 
[3-6] and recent. reports of critically evaluated data 
for addition reactions [7] and unimolecular reac­
tions [9]. Wherever possible, experimental data taken 
close to 700 K were used. An effort was made to select 
experimental data which were obtained under condi­
tions free from wall effects, interfering side reactions 
and vibrationally excited species. In cases where rate 
parameters were determined relative to radical re­
combination rates the data were recalculated on the 
basis of the recombination assignments in this com­
pilation. In most cases, data totally inconsistent with 
an independent, consistent set of experimentally and 
theoretically based values, were rejected. 

In the tables, the following notations are used for 
experimental data: E, experimental; EP, pyrolysis 
experiments; EN, nonpyrolysis experiments; and EP* 
(or E*), high temperature pyrolysis data inapplicable 
to lower temperatures. Values taken from critical 
reviews of other authors are designated by R. 

1.3.b. Calculated Values 

Calculated and estimated values were based on 
theoretical models (designated T in the tables), re­
verso reaction kinetics and thermochemistry (B, in the 
t'lbles) or structuraJ analogy (S, in the tables). Theo­
roiicn.1 cn:lculations based on models which successfully 
deRerihe independent experiments (such as chemically 
fwtivnt,ed decomposition) were preferred. When assign-

lJ".Ii,'U~ ill brnckcu, indicate literature references 
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ments were made by structural analogy, cases were 
chosen, where possible, for which structural differences 
would not appreciably alter the thermochemical 
changes in the reacting parts of the molecules. Where 
appropriate, corrections have been made for changes 
in ASl due to changes in product and transition state 
rotational and/or optical symmetry. For some reac­
tions, generalized rate parameter values have been 
estimated for primary and secondary radicals, desig­
nated in the tables as I-Rand 2-R, respectively. 

The methods for calculating rate parameters from 
reverse reactions and thermochemical data are given 
below. Details may be found in several sources [8, 9]. 
The AIT'henius expression k=Ae-E

/
RT is used and the 

parameters are always expressed in units of moles, 
liters and seconds. The standard thermochemical 
quantities AHo, ASo and AOp ° refer to a standard state 
of 1 atm (101325 Pa) of gas and are expressed in units 
of kcal/mol for AHo and cal/(mol K) for the others. The 
CUlllSLallL R ill Lhe eyuaLiums i::; 1.99 cul/(lliul K) amI 
R' is 0.0821 L atm/(mol K). SI units.are used through­
out except for 1 cal=4.184 J. Benson's [9] abbrevia­
tion, 0=2.303 X 10-3 RT kcal/mot is also used. 

1 

1. A~B+C, radical decomposition-addition. 
-1 

1 

~HO=E(l)-E(-l)+RT 

A(l)jA( -l)=e~so/R/(eR'T). 

2. A~B+C, initiation-radical recombination from 
-1 

the realationship between absolute rate theory and 
Arrhenius parameters: 

where ~Eot is the energy of activation at 0 K for the 
reverse reaction and T (~Ovt> (-1) is the correspond­
ing thermal energy at temperature T. Using the as­
sumption of Benson and O'Neal [8] that AEot and 
~Ovt are zero for radical recombination reactions: 

E(l)=AHO 

1 (1) =k(-1) ~SO/R. 
.L R'T C 

1 

3. A+B~C+D, H-abstraction 
-1 

1 

~HO=(l)-E(-l), 

A (l)/A( -1) =eM o/R . 

4. A~B, isomerization 
-1 

~HO=E(l)-E(-l), 

A(l)/A( _l)=eflsc / R . 

Values of the standard thermochemical parameters 
for alkanes and alkenes were taken from the tables of 
Stull, Westrum and Sinke [101 or calculated from 
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group additivity [11]. Values for the thermochemistry 
of free radical species were· assembled from several 
sources and have been presented in a table in section 
2 for convenience. 

For many of the additions reactions a value of the 
"lower limit" of the A-factor was calculated (desig­
nated L in the table). The value of the lower limit 
is calculated from the relationship between the A­
f actor and AS~, 

A(-l)-ekT ell(St(-l)/R. -h 

for the case where ASt( -1)= -ASo and the para­
meters all refer to the equilibrium: 

1 
A~B+C. 

-1 

This value represents a situation where the activated 
complex has the same degree of freedom as the product 
radical and traditionally is thus held to be a lower 
limit for the addition A-factor. Unfortunately most 
of the experimental data for addition decomposition 
reaction scts do not seem to obey this limit (e.g., sec 
reference 7). 

1.3.c. Recommended Values 

Where multiple entries (from different sources) 
appear in a table, a single set of recommended pa­
rameters, designated Rec, is also given. In selecting 
recommended values, each reaction was considered 
separately. The following conditions were considered: 
temperature, pressure, method of extracting the 
data from the experiment (for example, the com­
plexities of the assumed mechanism necessary to 
derive rate parameters for specific contributing 
reactions), and the reliability of the assumed models 
and related parameters on which theoretical calcula­
tions were based. Results calculated from thermo­
chemistry and Arrhenius parameters for back reactions 

were judged on the basis of the reliability of the input 
data. The recommended values were based on aver­
ages weighted by considerations based on the above 
criteria. 
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2. Radical Thermochemistry 

The radical thennochemistry used to calculate 
Arrhenius parameters from reverse reaction kinetics 
is summarized in table 1. The data are expected to be 
accurate to ± 1 kcal/mol or ±] cal/(mol K). However, 
it must be pointed out that this is a particularly 
active area of research and the heats of formation of 
the methyl, ethyl, 2-propyl, and 2-methyl-2-propyl 
radicals are under current investigation. 
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~ Table 1. Radical Thermochemistry til 
to.) 

"'IJ 0'0 :r 
~ The units of aH~ are kcal/mol. 
n The units of SO ard c~ are cal/(~ol K). :r 
III 

:i 
,., The term llSOUTce n refers tc the notes following the table. 
• :" 

" Q 

6Ho f (3 JO ) CO
p (3 00 ) P Radical Source SO(30J) Scurce Source Cp <.UtQ) Source' 

< ---
0 
:- H 52 •. 27.4 5.0 5.0 
:;0 

z CH
3

' 34.3 46.11 8.t. 12.3 2 
!> 
Co) 
~ 

'::2H5 . 26.5 58.0 11. 1 20.2 2 
~ 
Oil 
0 1-C 3H7 ' 21.C 68.5 17. 1 30.9 2 

2-C 3H7" 17.£ 66.7 17.0 30.4 2 ~ 
r-

::~H5 . 40.,6 10 62.1 14. 1 26.6 3 
~ 
r-

1-C 4Hg " 16.0 4 77.9 4 22.6 4 41.2 4 r-
~ 
::a 

12.6 6 67.5 6 22.5 6 40.7 5 
~ 

2-C 4H9 ' 
~ 
Z 

2-methyl-1-propyl 13. 7 75.2 22.6 41.8 2 c 
?t' 

2-methyl-2-propyl 8. ~ 72.1 22.6 ,1 41.8 3 '" :r: 
C4H7 ' 30.~ 7 70.8 5 20.0 5 36.8 3 

~ 
~ 

1-G. .. H11 · 11 • C lj 87.3 4 28. 1 4 51.5 11 

2-C 5H11 ' 7.6 6 86.9 6 28.0 6 51.0 6 

3-CSH11 ' 7.6 6 85.5 6 2c..0 6 51.0 6 

2-methyl-1-butyl 8.7 8 84.6 8 28. 1 e 52. 1 8 

3-methyl-1-bJtyl 8.7 8 84.6 8 28.1 8 52. 1 8 

2-C 6H13 ' 2.6 6 96.3 6 33.5 6 61.3 6 

4-mcthyl-2-h2xyl -5.C 9 105.2 9 3° ~, .,;.,...; 9 72.2 9 
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Notes for Radical Thermochemistry 

1. Values recommended by Benson [1]. 
2. Linear interpolation of values [1] at 500 K and 

800 K. 
3. Linear interpolation of values [2] at 600 K and 

800 K. 
4. Estimated from 1-CaH7 by group additivity [1). 
5. Values recommended by O'Neal and Benson [2). 
6. Estimated from 2-CaH7 by group additivity [1]. 
7. Value recommended by Golden and Benson [3]. 
8. Estimated from 2-methyl-1-propyl by group ad­

ditivity [1]. 
9. Estimated from group values [1]. 

10. Taken from reference 1. This value agrees within 
experimental error with the experimental value of 
Golden, GR,C and Benson [4]. 

References to Notes for Radical Thermochemistry 

[1] S. W. Benson, "Thermochemical Kinetics," 2nd Ed., 
John Wiley and Sons, Inc., New York, 1976. 

(2] H. E. O'Neal and S. W. Benson, Int. J. Chern. Kin., 1, 
221 (1969). 

[3] D. M. Golden and S. W. Benson, Chern. Rev. 69, 125 
(1969). 

[4] D. M. Golden, N. A. Gac and S. W. Benson, J. Amer. 
Chern. Soc. 91, 2136 (1969). 

3. Radical Recombination 

Rate constants for radical recombination at 700 K 
are listed in table 2 and are given in the dimensionless 
logarithmic form log[k/(L mol-Is-I)]. Unless othenvise 
noted values in the table were calculated using the 
geometric mean formula kI2=2(knk22) 1/2, where k]2 is 
the cross constant and ku and k22 are the self-constants 
for species 1 and 2. 

Rate constants for alkyl radical recombination are 
among the most accurately known rate constants for 
gas-phase free radical reactions. All of the rate con­
stants in the table are probably accurate to within 
half a power of ten. In the case of the recombination 
of methyl radicals, the rate constant is probably ac­
curate to within 0.1 or 0.2 of a power of ten. The ex­
perimentally measured values were obtained by a 
variety of independent methods all of which are re-
garded as reliable. Most of the values in the table were 
obtained using the ,:videly accepted geometric mean 
rule (see above). Well-established results for recom­
binations are needed because rate constants of other 
types of reaction such as H-abstraction are usually 
measured relative to recombination. There has been 
fl. grp:fl.t. des] of re(',ent. act.ivit.y in t.he field. The results 

for small alkyl radicals such as ethyl fall into two 
groups, one of high values around 1010 L mol-Is-I, and 
the other of low values around 108•5 L mol-Is-I. We 
believe the high vll]ues to be the more accurate (see 
note 5), and have ,veigh ted our recommended values 
in favor of the high group. If our assessment turns out 
to be accurate, in time the best values for these rate 
constants will increase as the lower rate constants 
become discounted. We have neglected any temper­
ature coefficients, that is we have assumed zero ac­
tivation energy for recombination. However, we be­
lieve that this assumption is fa.r from proved (see for 
example, reference [13]) and expect to see continued 
research in this area.. \\7hen considering the reactions 
of small radicals such u.s J-] +CH3, care must be taken 
to ensure that the pressure is sufficiently high (of the 
order of 103 Torr). 
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~ -1 -1 UI Table 2. Rate constants at 700 K for radical recombination. The form of the rate constant is log [k/(L mol s )]. to.) 

"1- co 
~ The numbers in parentheses indicate the notes (source) following the table. 
n 
:r • ? ,., 

2-methyl-~ CH
3

• C
2
H

S
" l-C 3R7" 2-C 3H7• C3

HS· l-C 4H
9

• 2-C
4
H

9
• i-C

4
H

9
• C4

H7 • l-C SH 11· 2-C SH 11· 3-C SH 11 
. 

I-butyl I-R· 2-R· 
t1 

(Prim.) (sec.) D 

~ 
< 
~ 
-0 . 
z H 11.3(1) 10.6(2) "'11( 3) -11 (3 >- -11 en -ll( 3) ""II( 3) -11 (3) "11(3) "II( 3 ) -11(3) -11 (3) -11 (3) -11 ~3) -11 (3) 
~ 

.!-". CR • 10.4 (4 ) 10.3 10.3 10.2 10.3(11) 10.3 10.2 10.3 10.4 10.3 10.2 10.2 10.3 10.3 10.2 ... 3 
-0 

C2HS• 9.6 (5 ) CD 9.9 9.9 10.0 9.9 9.8 9.9 10.0 9.9 9.8 9.8 9.9 9.9 9.8 0 

1-C-J17· ~. 6{7) 9.9 10.0 9.9 9.8 9.9 10.0 9.9 9.8 9~8 9.9 9.9 9.8 ? 
2-(; 3H7· 9. S( 6) 10.0 9.8 9.8 9.8 10.0 9.8 9.8 9.8 9.8 

,... 
9.8 9.B ,.. 

'c H • 
,... 

9.8(8) 10.0 10.0 10.0 10.1 10.0 10.0 10.0 10.0 10.0 10.0 ,... 
3 S ,.. 

'" .1-C 4H9· 9.6(7) 9.8 9.9 10.0 9.9 9.e 9.8 9.9 9.9 9.P 
,.. 
,.. 

2-C 4H9· 9.5(9) 9.8 10.0 9.8 9.8 9.8 9.8 9.8 
Z 

9.8 a 

i-C 4H9· ?C' 
9.6 (7) 10.0 9.9 9.8 9.8 9.9 9.9 9.8 

Vt 
J: 

C
4
R

7
• S.8(10) 10.0 10.0 10.0 10.0 10.0 10.0 

,.. 
~ 

l-C SH 11 
. 

9.6(7) 9.8 9.8 9.9 9.9 9.8 

2-C ~1l 9. S (9) 9.B 9.B 9.8 9.8 

3-C s" 11 
. 

9.5 (9) 9.B 9.8 9.8 

2-methyl-
I-butyl 9.6(7) 9.9 9.8 

i-R • 9.6 (7) 9.8 (Prim. ) 
2-R· 9.5(9 ) 

(sec. ) 
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Notes for Radical Recombination 

1. High pressure limit value calculated by Cheng 
and Yeh [1] from pressure dependent rate data at 
308 K. The reaction is pressure dependent up to """10a 

Torr and values for lower pressure experiments are 
available in their paper. Their high pressure value 
agrees with the earlier prediction of Benson and 
O'Neal [2]. Rate constants have also been reported by 
Halsted et al. [3] and Teng and Jones [4] but these 
values are considerably lower (average value of 
,....,109• 2) and probably are well into the fall-off region. 

2. Data of Kurylo, Peterson, and Braun [5] at 298 K 
and of Pratt and Veltman [6] at 700 K. At low pres­
sures the ethane may be vibrationally excited and the 
overall reaction will yield CHa radicals. 

o. An average of the values for eRa' +R and for 
C2H5 • +H. 

4. Glanzer, Quack, and Troe [7] list ten values of the 
rate constant for met.hyl T'Rrlir.Rl rer.om hinn.tion men.­
sured at 293 to 450 K. Seven of the values lie between 
10.4 and 10.5, with an average of 10.4. Two of the 
other values aTe lower limits (measured in the falloff 
region). Parkes, Paul, and Quinn [8} conclude that the 
rate constant is independent o~ temperature up to 
900 K. Glanzer, Quack, and Troe [7] believe that the 
rate constant is "approximately constant" with pos­
sibly "a small decrease of the high pressure recombi­
nation coefficient with temperature". A rigorous 
correction based on simple collision theory [9] gives a 
factor of 1.3 between 300 and 900 K. 

5. Parkes and Quinn [10] measured a value of 9.9 at 
300 K for the recombination of ethyl radicals by 
direct measurement of the radical concentration using 
molecular modulation spectrometry. They were unable 
to confirm the spectrum of the ethyl radical. N ever­
theless, their value is in excellent agreement with the 
value of 10.0 at 860 K obtained by Golden, Choo, 
Perona, and PiszkieVl.Tjcz, [11] using very low pressure 
pyrolysis. Their value is also in good agreement with 
the earlier. rotating sector measurement [12] of 10.4 
obtained by Shepp and Kutschke at 373 ,K. All three 
techniques directly measured the radical concentration. 
Other less direct methods have given the values 8.6 at 
384 K (radical buffer plus thermochemistry) [13], 
8.4 at 693 to 803 K (pyrolysis and theory) [14], and 
8.6 at 895 to 981 K (pyrolysis and thermochemistry) 
[15]. An average value, weighted two to one in favor 
of the more direct methods, is 9.6 at 700 K. 

6. Value of Parkes and Quinn [10], neglecting any 
temperature coefficient. 

7. Assumed to have the same value as k(C2H5 . 
+C2H5 • ). 

8. Average of three reported values: 9.9 at 913 K 
by Golden, Gac, and Benson [16]; 9.9 at 300 K by 
Van den Bergh and CaBear [17]; and 9.6 at 300 K by 
Throssell [18]. 

9. Assumed to have the same value as k(2-CaH7 . 
+2-CaH7 .). 

10. Assumed to be the same as k(CsHo . +CsHs .). 
11. Average of the geometric mean value of 10.4 

and the value of 10.2 calculated by Throssell [18] 
(from unspecified thermochemistry) and the cor­
responding I-butene decomposition parameters of 
Trenwith [19]. 
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4. Radical Disproportionation 

Values of the rate constants at 700 K for dispropor­
tionation have been calculated from absolute rates of 
radical recombination (see recombination section) and 
disproportionation/combination ratios. The latter 
IULve been ttLken from literature data and estimated on 
the basis of general structural simil~rities between. 
reacting radical pairs. In most cases where several 
measurements are reported preference has been given 
to those at the highest temperature. The absolute 
rates are in table 3 along with the disproportionation/ 
combination rate ratio, A, given in parentheses. The 
quantity A(a·, b·) is defined as the disproportionation/ 
combjnation ratio where a· is the radical abstracting 
the hydrogen atom and b· correspondingly forms the 
olefin. All disproportionations were assumed to have 
no activation energy. 
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Disproportionations are measured relative to recom­
binations. It follows therefore that the accuracy for 
disproportionations can not exceed that for recom­
binations. In general the accuracy of disproportiona­
tion to recombination ratios is of the order of two, so 
that the absolute accuracy of disproportionations 

J. Phys. Chern. Ref. Data, Vol. 9, No.3, 1980 

ranges from about 10°·3 to 10°·8 L mol-Is-I. Little 
recent work has been done in the field. In general, 
disproportionations are of minor importance in con­
trolbng kinetic features of pyrolysis reactions so rela­
tively large uncertainties in the rate parameters can 
be tolerated. 



7A~LE 3. Rate constants at 700 K for radical dispropDrtionation. The form of the rate constant is log k/(L mol -l s -1). 

The disproportionatian/combination ratios are in parentheses; the numbers of the source notes to the tables 

are listed in the columns headed by "5" (for sourc.e) 

R -> Olefin 

1-CSH1* ' 2-CSB1'1 ' 
2-methyl 3-C 5Hl'~ , 

R->RH CZ'H S' 5 l-C 3H7' S 2-C3Ht S 1-C t~H9 s 2-CI~H9 -I-propyl' S C4Hi S & 1-.' S & 2- • S 
~ 

Z 
m .... 

H (0.05) 
39 

(0.1) 
40 

(0.5) 
41 

(0.1) 
40 

(0.5) 
~2 

(0.1) 
40 (0.3) 43 (0.1) 

40 
(0.5) 

42 n 
9.3 10.0 10.7 10.0 10.7 10.0 10.5 10.0 10.7 ..., 

)-

" )-
CH3' (0.04) (0.06) 

2 
(0.16) 

2 
(0.1) 

3 (0.07) (0.06) 
3 

(0.3) 4 
(Dol ) 5 (0.07) 

6 3: 
g.O m 8.9 9.1 9.4 9.3 9.0 9.1 9.9 9.3 .... 

m 
:u 
«I' 

CZH S' "TI 
(0.13) 

7 
(0.065) (O.lS) 

2 
(0.06) 

Ra 
(0.23) 

~b 
(0004) 

9 (0.4) 10 (0.06) 
11 

(0.23) 
12 0 

8.7 8.7 2 9.2 8.7 9.Z 8.5 9.6 8.7 9.2 :cr 
:) 

> I'"' 

1-C 3H7' (0.057) (Ool5) 13a (0
9
0.2:) 15c (0.1) (0.1) (0.1) (O./~) 14 (0.056) 15a 

(0.11) 
15a '" 2 :3 > 8.7 8.8 8.9 R.S 8.9 9.6 8.7 8.8 Z 

'" 
~ 

2-C 3H7' (0.16) (0.16) IS (0.65) (0.17) (0.2) (0.7) 3 (0.5) 17 (0.17) 18 (0.2) 19 0 
~ 1Sb 11) 3 r-

9.1 9.1 . c 9.3 9.0 9.1 9.6 9.7 9.0 9.1 m 
"II:! n :r c: 
~ r-

m 
n 

C3HS' (0.13) (0.1) (0.1) (0.1) (O.l) (0.1) (0.5) 22 (0.1) (O.l) Ion 
:r 

ZO 21 21 21 21 21 21 21 II> 
9.0 9.0 ~ 9.1 9.0 9.0 9.0 9.0 9.0 9.8 

,., 
~ 
CJ 1-C 4Hg' (0.066) (O.l) (0.2) (0.12) 23a (0.32) 23b (0.11) (0.4) 14 (0.12) 24 

(0.32) 25 g, 8a 3 3 3 
!I 8.7 H.9 9.1 8.7 9.3 8.9' 9.6 9.0 9.3 
< 
t:t 
00 2-C4Hg• (0.12) (0.5) (0.4) (0.3) 23b (0.69) 13b (0.2) (0.5) 17 (0.13) (0.69) 28 3 3 26 3 27 z 8.9 9.0 9.4 8.9 9.3 9.1 9.7 8.9 9.6 
!=' 

.w 

:;; 2-~ethyl-1-propyl' (0.04) 
9 

(0.08) (0.3) 
3 

(0.1) 
3 

(O.l) (0.075) 29 (0.4) 14 (0.1) 
30 

(0.1 ) 
31 til 

CD 3 8.8 8.5 6.9 8.8 CA) 
0 8.5 8.8 9.3 8.9 9.6 .... 
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J ~ 

~ 
n 

!t,e disp,roportionation/combination ratios are in parentheses; the numbers of the source notes to the tables 
::r • 
~ are listed in the columns headed by "s" (for source) ••• Continued 

'" • :'" 

0 R -> Olefin D , 
< 
~ 
:.0 -----""'"--- .. -------.----~--- -------- ._---_ ... -._-_ ... _ .. _- ... _---
z 2-C SHit ' 0 

1-CSHil t 
~ 

2-nethyl 3-CSHil 
R->RH C2HS• S 1-C3Ht S 2-C3H7· S l-C 4H9• S 2-C4H9 S -I-propyl· C4Ht S & l-R" S & 2-R. S 

:0 
CD 
0 

C4H7 • (0.1) 21 (0.1) 
21 (0.1) 21 (0.1) 21 (0.1) 21 (0.1 ) 21 (0.5) 22 (0.1) 21 (0.1) 21 

9.0 9.0 9.0 9.1 9.0 9.0 9.5 9.0 9.0 ~ 

: 
1-CSHtl and I-R- (0.1) (0.1) 33 (0.2) (0.1) (0.32) (0.1) 

35a (~::) 14 (0.15) ISa 
(0.32) 25 

~ 
32 34 24 25 r-

,~ .. 9 8.9 9 .. 1 8.9 9.3 B.9 8.8 9.3 r-
~ 
lID 
~ 

2-C II· • (0.1) (0.15) (0.4) (0.13) (0.69) 28 (0.2 ) 35b (0.5) 17 (0.13) (0.69) . > 
and52!~: 3-C5H11 40 37 38 27 27 28 Z 

8.8 9.0 9.4 8.9 9.6 9.1 9.7 8.9 9.3 C 

~ 
CA 
% 
~ 
~ 
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Notes for Radical Disproportionation 

1. Experimental data (298 K) of Borrell and Platt 
[1] and evaluated data of Konar [2]. 

2. Data of Terry and Futrell t31 ("-'300 K). 
3. Calculated frow. the equa~iull [3] lug A= 

0.111 (SaO-ScO)- 4.88, where Bao and Seo are the molar 
entropies in cal/(mol K) for the disproportionation 
and combination product moleCUles, respectively. 
Since the relation was derived for small alkyl 
radicals [3J the present estimates of .6 were restricted 
to these types of radicals and thus do not include 
allyl and methylally 1 radicab llur hy drug-ell I:tt01ll8. 

For convenience, only the most stable isomers 01 
olefins were used in calculating the value of Sao. 

4. Assumed to have the same value as A(CHg·, 

cyclohexadienyl .) [4]. Pratt and Veltman 16b] found 
log rate constant = 10.8- (0.2/0)=10.7 at 700 K. 

5. Assumed to be same as A(CHa·, l-C.Hg.). 

6. Assumed to be the same as A(OHg ·, 2-C4H g ·). 

7. Data of LaLonde and Price [5a] (673 K) and 
Hooper, Simon, and Back [5b] (298 to 173 K). 

8a. Data of Watkins and O'Deen l6aJ; recalculated 
by IneI [7aJ. . 

8b. Data of Holroyd and Klein [7b1, quoted by 
Stein and Rabinovitch [7c]. 

9. Data of Terry and Futrell [8] ("-'300 K). 
10. Assumed to be the same as A (C2Ho', cyclo­

hexadienyl .) [4]. 
11. Assumed to be the same as A(C2H 5 ·, l-C.H9·)' 
12. Assumed to be the same as A(C2H 5·, 2-C4H g·); 

Watkins and Ostreko [9J have determined a value of 
""0.25 for A(C2Ho', 2-C6Hla') at 325-388 K. 

13a. Data of Falconer and Sunder [10] (~9~ K). 
13b. Average of data by Falconer and Sunder [101 

(0.77 at 298 K) and Oref, Schuetzle, and Rabinovitch 
[16b] (0.60 at 296 K). 

14. Assumed to be the same as k(C2H5·, C.H7·)' 
15a. Data of Watkins and Lawson [1la] (330-370 K). 
15b. Average of data by Terry and Futrell I3] and 

Thynne [11 b]. 
15c. Recalculated from reference 3. The value of 0.41 

was taken to be the sum of A(1-CgH7·, 2-CaH7·) 
and ~(2~C3H7" 1-0aH7·) and the individual A's calcu­
lated on the statistical number of hydrogens available 
for the appropriate olefin formation (3/5 and 2/5XA, 
respectively). The overall value of 0.41 agrees with 
data of Falconer and Sunder [10]. 

16. Excellent agreement between the results of 
Parkes and Quinn [12a] (0.65 at 300 to 800 K), Cad­
man, Inel, and Trotman-Dickenson [I2b] (0.61 at 299 
to 480 K), and Falconer and Sunqer [10] (0.69 at 
298 K). 

17. Assumed to be the same as A(2-CgH 7·, cyclo-
hexadienyl.), determined by Suart [13]. 

18. Assumed to be the same asA(2-CsH 7·, 1-C.Hg·). 

10. Assumed to be the same asA(2-CaH 7 ·, 2-C.H9·). 
20. Data of James and Troughton (14) (407-448 K). 

21. Assumed to be approximately the same as 
.A(C3H o-, C:~Ho')' 

22. Assumed to be approximately the same as 
A ( cyclohexadienyl., cyclohexadienyl·) determined by 
James and Suart [15] (336-374 K). 

23a. See note 8a; value consistent with data of 
Falconer and Sunder (note 13a). 

23b. Falconer and Sunder [10] obtained a value of 
0.15 for what was ossentially the sum of ~(2-C'IIIII'1 
l-C4H g·) and A(l-C.Hg ·, 2-C.Hg.). Based on the num­
ber of atoms to be disproportionated, the following 
values are estimated: A(2-C.H9·, I-C.Hg.) =0.11 and 
A(1-C.H9·, 2-C,Hg.) =0.32. 

24. A(1-04Hg·, l-O.Hg·). 

25. A(1-04Hg·, 2-C.Hg.). 

26. Data of Boddy and Robb f16aJ ("-'300 K). 
27. A(2-C.H9·,1-C4H9·)' 
28. A(2-CJIg·,2-C.Hg .). 

29. Data of Slater, Collier and Calvert [17] (298-
441 K); consistent with data of Terry and Futrell [8). 

30. A(2-methyl-1-propyl·, l-C.Hg.). 

31. A(2-methyl-1-propyl·,2-C.Hg.). 

32. Data of Watkins and Ostreko 191 for A(l-C~H13'1 
C2Hs'), (350-388 K). 

33. A(l-C.Hg·, 1-CaH 7 ·). 

34. A(1-C4Hg~, 2-CaH 7·). 

35a. A(l-C.Hg., 2-methyl-l-propyl). 
35b. A(2-C4H g .,2-methyl-l-propyl). 
36. Data of Watkins and Ostreko f9) for A(2-C/}H13 ·, 

C2H 5 ·) {350-388 K). 
37. A(2-C4Hg ·, l-CaH 7·). 

38. A(2-0.H p ', 2-CaH 7·). 
39. Data of Heller and Gordon (18] (297-476 K). 
40. Average value for pentyl [19] and hexyl [20} 

radicals (298 K). 
41. Average of three experimental values 121, 22J 

(300 K). 
42. A(H·,2-C8H 7·). 

43. A(CHa·,C.H7·). 
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5. Initiation 

Arrhenius parameters and rate constants at 700 .K 
for initiation are'listed in table 4. 

The accuracy of the Arrhenius A factors is probably 
of the order of half a power of ten. The activation 
energies are perhaps accurate to within 2 kcal/mol. 
Thus the accuracy of the rate constants at 700 K is of 
the order of one power of ten. Much of the available 
data has been measured at temperatures too high for 
reliable extrapolation to 700 K. Such data, marked 
E*, are not used in the evaluation and are included for 
comparison only. This leaves very few reliable values. 
However good relative data for higher alkanes have 
been obtained from shock tube experiments on com­
petitive systems. Many of the values in the table 
an:l bal::ied U11 back nmcLiuul::i amI theunochellli:5tlJ . 
These values will be subject to significant change if the 
thermochemical values change because the reaction 
produces two free radicals and the changes due to 
thermochemistry will therefore be additive. Arrhenius 
parameters based on theoretical calculations suffer 
from lack of knowledge on the exact stDlcture of the 
transition states. When smtill alkanc3 u.re under con­
sideration, care must be taken to ensure that the 
pressure is sufficiently high for the reaction to be in the 
first order region. The best experiments are usually 
done at the highest pressures, unless unusual care is 
taken to correct the results. 



Table 4. Arrhenius parameters and rat~ constants at 700 K for initiation 

~-------.-.~.-~-

------

log [k/s- I ] l'lS 0 (700) bFio(700) 
< '> (iOO) 

log [A/s- I ] 
E, M,p OO() 

Reactant Products Source kcal/mol Source at 700 K cal/(mol K) Source kcal/mol Source cal/ (mo"1 K) Source 

C
2
H

6 
CH

3
• CH

3 
16.3 EP, la 87.5 EP, la -11.0 
17.4 B 90.1 B -10.8 40.[' Ic 90.1 Ie 3.0 Ie 
16.3 EN, Ib 89.0 E~, Ib -11.5 
16.8 R,1d 89.5 R,Id -11.2 " 16.7 Rec, Ie 89.0 Rec, Ie -11.1 Z 

m ... 
C3

H8 CH 3· C
2
H 5· 17.2 B B5.7 B -9.6 40.0 85.7 0.25 n 

16.6 Ell, 2 84.5 EN, -9. P ." 
16.9 Rec, Ie 85.1 Rec, Ie -9.7 :J> 

~ 

C3
H6 H C3H 5' 14.4 B, 3a 89.2 B, 3a -13.5 28.6 89.2 3.5 :J> 

~ 13.4 EP,3b 78 EP,3b -11.0 m 
15.3 R,Id 89.2 R,ld -12.6 ... 

m 
14.8 Rec, 3c 89.2 Rec, 3e -13.1 ~ 

V\ 

n-C 4H 10 CH
3

' l-C
3
H

7
' 17.5 B 85.7 B -9.3 41.1 85.7 0.6 

"TI 

0 
16.9 T, 4 87.4 T, " -10.4 ~ 

17.6 R,ld 85.9 R,ld -9.2 ;:, 
17.5 Ree, Sa 85.7 Rec, Sa -9.3 I 

:J> .... 
n-C 4H 10 CZH 5' C

2
H

5
• 16.4 B, Sa 82.1 B, Sa -9.2 39.4 82.1 -2.7 " :J> 

16.4 T, 4 82.4 T, 4 -9.4 Z 
16.4 Ell, Sb 82.1 EN, 5b -9.2 m 

17.3 R,ld 81.8 R,Id -8.3 ~ 
16. " Rec, Sa 82.1 Rec, Sa -9.2 0 

~ .... 
m 

." 2-methylpropane CH· 2-C 3H 7' 17.7 B 84.2 B -8.6 42.7 84.2 0.2 n 
~ 3 C 
~ 17.2 T, 68 85.0 T, 6a -9.4 .... 

m 
n 16.6 ErI, Ib 82.6 EN, Ib -9.2 V\ 
~ 17.8 EP, 6b 82.0 EP, 6b -7.e CD 

~ 17.3 Rec. Ie 83.4 Rec. Ie -8.8 

=' CH
3

' C
3
H 5· 36.4 75.5 :0- l-C 4H8 16.4 B 75.5 B -7.2 1.3 

c 16.3 EP, 7a 71. 3 EP, 7a -6.0 
D 

"I 15.7 EN, Ib 73.5 EN, Ib 7.3 

< 16.0 R,ld 73.~ R,Id -6.9 

~ 16.1 Rec, Ie 73.4 Ree, Ie -6.8 

$' 
n-C 5H 12 CH 3' I-C ""9' 17.5 B 85.5 B -9.2 41. 2 85.5 0.6 

z 16. I T, 8 85.4 T, ~ -10.6 ~ 

!-J 
16. ~ Ree, Ie 85.4 Rec, Ie -9.9 

00 n-C
S
H

I2 C2"S· I-C 3H7' 17.1 B 81.6 B -8.4 41.0 81. 6 -2.2 \11 
00 16.7 S, 9 82.1 S, 9 -9.0 

w 
0 \11 
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Co) ." 
0-:r 

~ 
n 

<6S,> (700) 
:r 
til 

log [k/s-1 ] ¥I 
log [A/s- 1] 

E, M 0 (700) 6Ho (700) (300) 

" Reactant Prodtcts SOllrce kcal/mol Source at 700 K cal/(mol K) Source kcali'mol Source cal/(mol K) Source It 

=-
" a 
~a 16.7 T, B 81.9 T, e -8.9 
< 16.8 Rec, Ie 
~ 

81.9 Rec, Ie -8.E 

~~ 2-Methylbutane CR' 2-C 4H9' 17.5 B 84.0 B -8.8 41.8 84.0 0.3 3 
2 16.8 S, 10 82.6 S, 10 -9.0 
? 16.9 T, 8 82.1 T, 8 -8.8 
~ 17.1 Rec, Ie 82.9 Rec, Ie -8.8 

~ C2~5' 2-G 3H7' 16.9 B 80.1 B -8.1 40.3 BO.1 -2.5 CIt 
() 16.2 EN, 5b 78.8 EN, 5b -8.4 

16.8 T, 8 78.7 T, B -7.8 
16.6 Rec, Ie 79.2 Rec, Ie -8.2 

!=' 
CR' 2-methyl-l 17. " B 85. " B -9.3 40.1 85.4 0.9 r 3 - propyl 16.3 S, 11 84.5 S, 11 -10.1 » 16.5 T, 8 85.0 T, 8 -10. ] .... .... 

16.7 Rec, Ie 85.0 Rec. Ie -9.9 » 
:;:Ig 

I-G 5H 10 C 2H 5' C3H 5' » 16.0 B 71. " B -6.3 35.B 71. 4 -1.7 » 
2-<:SH IO 

CH
3

' C
4
H

7
' 16.7 B 73.0 B -6.1. 37.2 12 72.9 12 1.7 12 

Z 
C 

n-C 6H 14 CH
3

' I-G 5H 11 16.8 S, 13 85.4 S. 13 -9.9 ~ 
en 

CtT 5' 1-<: 4H9' 16. B S, ]4 81.9 S. ]4 -B.8 ::t: » 
I-G 3"7' I-G

3
H

7
' 16.5 S, 15 81.9 S, 15 -9.1 :e 

2-Methylpentane CR' 2-C sHn 17. I S, 16 82.9 S, 16 -8.8 
'"7'3 

l" H • 2-G 3H7' 16.6 S, ]6 79.2 S, 16 -8.2 . .-\ 7 

2-Methyl- C2H 5' 16.8 B 81.0 B -8.5 40.0 81.0 -2.3 
I-propyl 

3-Methyl- CH3" 16.7 S, 16 85. Co S, 16 -9.9 
I-butyl 

I-Gf;H I2 
I-G

3
H

7
' C3H S' 16.4 B 71. I B -5. f. 37.5 71. 1 -I. 2 

2-C EH 12 C~5' C"H 7' 16.2 B 69.3 B -5.5 36.5 12 69.3 12 -1. 3 12 

3-G 6H12 CH • 2-penten- 17.0 S, 17 73.0 S, 17 -5.8 3 
l-yl 
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Reactant 

(C]lS)2 

2-C'14 

1,5-heptadiene 

2-C 8i1 16 

(C 411 7)2 

2-Cg,!l18 

5-methyl-2-octene 

5-ethyl-2-hept ene 

Products 

C3US' C31l5' 

l-C 3H7' C4H/ 

C}15' C4H7' 

l-C 4i19' C4R7' 

C 4R7' C4"7' 

I-CSll ll C4"7' 

2-CsHll C4"7' 

3-C sHu C411 7' 

Table 4. Arrhenius parameters and rate constallts 8t 700 K fat' initiat1-on ... c.:mtinued 

E, log [k/s-I J M°(700). tll°(700) 
log [II/s-l ) Source keal/mol So1.1I'ce at 700 \( cal/(mo1 K) Source keal/mol 

15.5 1\ 62. B B -4.1 34.8 18. 0 
13. ~ llP, Jab 56.0 EP, ISb -4. J 
14.4 Rec, Ie 59. ~ Rec, le -4.2 

J6.2 S, 19 69.3 S, 19 -5.4 

15.7 II 58.7 B -2.6 33. B 20 58.7 

16.2 5, 19 69.3 S, 19 -5.4 

15.8 B 56.6 II -1.9 35.8 21 56.6 

16.2 S, 19 69.3 S, 19 -5.4 

17.0 II 67.7 B -4.2 40.2 22 67.7 

17.0 S, 23 67.7 S, 23 -4.2 

<!Ie ;-mr01 
" (300) 

Source 'cal/ (mol K) 

18a 

20 0.2 

21 0.8 

22 -0.5 

Source 

20 

21 

22 

~ 
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Notes for Initiation 

la. Average of reasonably consistent experimental 
values (SOO-1000 K) reported by Lin and Back [1], 
Trenwith [2] and Pacey and Purnell [3]. Other values 
have been measured but these appear to be the most 
reliable. For a discussion of discrepancies between 
experimental values and calculated values see Waage 
and Rabinovitch [4]. 

lb. Values calculated by Tsang [5a] from shock tube 
data at 1100 K using AHrO(CHa ·)=34 kcal/mol. 

lc. Unless otherwise noted, thermochemical 
properties of the reactants at 300 K were obtained 
from Stull, Westum, and Sinke [5b], and were corrected 
to those at 700 K by techniques given by Benson [5c]. 

Id. Preferred value of Benson and O'Neal [6]. 
2. See noto lb. 

3a. Calculated using log k""10.3 from the estimate 
that k",pZ with Z,,-,1012L mol-1s-1 and p""0.02, 
Simons. Rabinovitch and Dorer [7] havA r.fl.1cll1ated 
p~O,015 (assuming E",O) at 298 K. Benson and 
O'Neal [6] estimate that at 1000 K, p",,0.05 
and Z""lO 12 The correction for collision frequency 
with temperature is negligible and with an averaged 
val ue of p between 29S and 1000 K the above estimate 
of k follows. 

3b. Obtained by toluene carrier method [Sb] con­
sidered unreliable by Benson and O'Neal [6]. 

3c. Average (omitting toulene carrIer data). 
4. Theoretical values calculated for SOO K (for 

butane only) by Hase, Johnson and Simons [9] using 
a transition state model with torsion modes treated 
as free rotors. Calculations with this model in con­
junction with hindered rotation, radical models lead 
both to excellent agreement with observed rates of 
activated decomposition of the alkane [9] but to 
some disagreement with our preferred rates of radical 
recombination (see. recombination section); using 
the tight radical models the following calculated 
recombination rates (log) are reported [9] for 400 K: 
CHa,+1-CaH7·, 9.8; C2Hs·+C2Hs·, 8.6; C2Hs' 

+CaH 7 ·, 9.3; CHa,+1-C4H 9·, 8.9; CHa·+2-C4H 9 ·, 

9.6; C2H s·+2-CaH7 " 9.8 and CHa·+2-methyl-l­
propy1., 9.6. 

5a. These recommended parameters give a value of 
the overall decomposition rate constant of 1.4 X 10-4 

+2.0 X 10-4 =3.4 X 10-4~-1 at 886 K_ This value 
compares closely with the experimental value of 
2.0 X 10-4s-1 measured at this temperature [10]. 

5b. Values determined by Tsang [5a] from shock 
tube experiments at 1100 K. 

6a. Theoretical values calculated for 800 K by 
Hase and Simons [11] on the basjs of a free-rotor 
activated complex structure, tight radical structures 
and high critical energies. This model leads to good 
agreement with' activated isobutane decomposition 
[11] and gives a value of log k=9.8 for the methyl-

J. Phys. Chern. Ref. Data, Vol. 9, No.3, 1980 

isopropyl recombination, compared with the preferred 
value of 10~3 (see recombination section). 

6b. Experimental values reported by Konar and 
coworkers [12]. 

7., Experimentally determined values by Trenwith 
[13]. However, Dorer and Rabinovitch [14] in a study 
of chemically activated olefin decomposition have 
calculated that a low A-factor, "'1014, is expected. 
In addition, results of Halstead and Quinn [15} 
indicate a lower limit of the A-factor is 101a. 9S-I • 

S. A-factor values calculated for 1000 K. See note 4. 
9. Estimated to be the same as Tsang's shock tube 

value for n-C4HIO~2C2Hs' with a correction for 
~St for the loss of the two-fold rotational symmetry 
in the transition state of pentane (see note 5b). 
Tsang [5a] has suggested that similarly structured 
typos of 0-0 bond5 break wiLh l,he same A-factors 
regardless of the size of the alkane. 

10. Tsang's shock tube value for i-C4HIO~CH3' 
+ 1-CaH7 , (see footnote 1b) with the correction 
~St (i-C/iHlO)=l1St (i-C4H 1o)-Rln3+Rln2 for dif­
ferent rotational ground state symmetries and optical 
asymmetries of transition states, 

11. Tsang'::; ::;hu{;k tube values for OaHa decomposi­
tion [5a] with a correction for the loss of two-fold rota­
tional symmetry in the ground state (see note 1 b) for 
the A factor. 

12. Thermochemistry calculated for trans isomers 
of olefinic species. 

13. Values chosen to be the same as the recom­
mended value for n-C5H12~CHa·+1-C4H9·' 

14. Values chosen to be the same as the recom­
mended values for n-CSHI2~C2Hs·+I-C3H7·' 

15. See note 14; A-factor corrected for change of 
two-fold rotational symmetry in transition states. 

16. Values chosen to be the same as the recom­
mended values for the corresponding reaction of 
2-methylbu tane. 

17. Assumed to be the same as 2-C5HlO~CH3' 
+C4H7 • with a correction for two-fold rotational sym­
metry in 2-CsHIO molecules. 

18a .. Measured values at 913 K of Golden, Gac and 
Benson [8a] were used. The average heat capacity be­
tween 700 and 100U K is nearly zero so no correction 
WaS made for temperature. 

18b. Recalculated data of Throssell [16]. 
19. Assumed ::;ame values as for 2-06H 12 ; used 

kinetic-thermochemical based value. 
20. The thermochemical pa!ameters for the diene 

were calculated using group additivity [17]. 
21. Calculated for trans, trans isomer of 2,6-

octadiene. 
22. Thermochemistry of the olefin calculated from 

grou'p additivity [17]. All olefinic bonds assigned trans 
configura tion. 

23. Assumed to be the same as the 5-methyl-2-octene 
decomposition. 
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[5b] D. R. Stull, E. F. Westrum, and G. C. Sinke, "The 
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6. H-Transfer 

Arrhenius parameters and rate constants at 700 K 
for II-transfer are listed in table 5. The accuracy of 
the Arrhenius A factors is of the order of half a power 
of ten. That of the activation energies is about 2 
kcal/mol. The accuracy of the rate constants at 700 K 
is therefore of the order of one power of ten. There is 
surprisingly little good experimental data other than 
for Hand CHg. Much of the table is based on a few key 
values for reactions such as 2-propyl+ethane and 
ethyl +n-butane. Wherever possible Arrhenius param­
eters were selected so that sensible reactivities pre­
vailed. For example, for the same radical and alkane, 
abstraction from the secondary position may be 
expect,ed to be faster than from the primary position. 

The notation and method of evaluation was the 
same as in the previous section with the additional 
notation that E* denotes experimental results at 
tomporo.turos tho.t aTO too high for oxtro.polo.tion back 
to 700 K. Abstraction from methane was excluded in 
view of methane's stability. 
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~ Table 5. Arrhenius Parameters and rate constants at 700 K for H-Transfer til 

"3-
.a::. 
0 

~ 
n :r 

</!,C > (700) I log [k/L mol-Is-I] {j8'0 (700) {jRo (700) 
log (A/L mol-Is-I) 

E, p (300) 
• Reactants Products Source kcal/mol Source at 700 K cal/(mol K) kcd/mol call (mol K) 
~ 

J 
H2 CH

3
• H CH

4 
9.6 B, Is 11.3 B, la 6.1 -6.7 -0.6 -1.2 

< 9.5 E, Ib 12.2 E, Ib 5.7 
~ 8.7 E, Ic 10.3 E, Ic 5.5 
:0 9.0 T, Id 11.2 T, Id 5.5 
z 8.6 T, Ie S.6 T, Ie 5.9 
~ 
Co) 

8.9 R, If 10.9 R, If 5.5 
~ 9.2 Rec, Ig 11. '3 Rec, Ig 5.7 
; 
GO 

H2 CIs· H C
2
H

6 
9.7 B, 2a 15.2 B. 28 5.0 -6.4 5.5 0.6 0 

9.8 E t 2b 14.1 E, 2b 5.4 
8. B E, 2c 11.8 E, 2c 5.1 
9.6 E, 2d 13.7 E, 2d 5.3 P 
9.1 T, 2e 12.8 T, 2e 5.1 : 
9.6 Rec, 2f 14.0 Rec, 2f 5.2 

l> ,... 
H2 l-Cf7· H Cfa 9.4 B, 3a 16.0 B. 3a 4.4 -7.7 6.3 -0.0 

,... 
l> 

9.0 E, 3b 14.8 E, 3b 4.4 XI 

9.2 Rec, 3c 15.4 Rec, 3c 4.4 l> 
)I-

H2 2o.{;3H7· H C3
HS 9.6 B t 46 17.5 B, 4a 4.1 -5.6 9.8 -0.3 Z 

Ie 
9.5 E, 4b 15.9 E, 4b 4.5 
9.6 Rec, 3c 16.7 Rec, 3c 4.4 . ~ 

CIt 

H2 C!5· H C3
H6 10.5 B, 5 19.7 B t 5 4.3 -2.4 16.2 -0.4 :s: ,. 

~ 
H2 10.{; 4H9· H n-C 4H10 9.5 B. 6 15.7 B, 6 4.6 -7.3 6.0 -0.2 

HZ 2-(;4H9· H n-C 4H 10 9.7 B, 7 17.2 B, 7 4.3 -6.6 9.5 0.4 

H2 2-methyl-l- H 2-methyl- 9.5 S, 8 15.7 S, B 4.6 
propyl propane 

H2 C "H 7• H l-C 4H8 10.6 B t 9 25.2 B, 9 2.7 -2.0 21.3 -0.7 

H2 C"H 7• II 2-C 4H8 10.5 B t 10 22.3 B t 10 3.5 -3.8 18.8 -0.6 

H2 l-R" H RH 9.5 S, B 15.7 S, 8 4.6 

H2 2-R" H RH 9.7 S, 11 17.2 S, 11 4.3 

C"6 H c.p 5" H2 11.1 E, 12 9.7 E, 12 8.1 



')le 5. Arrhenius Parameters and rate constants at 100 K for H-Transfer ••. Continued 

(700) 

log [AIL mol-Is -1 J 
E, log [k/L mol-Is-I] l1S 0 (700) l1Ho (700) <bCp> (300) 

Reactants Products Source kcal/mol Source at 700 K cal/(mol K) kcal/mol call (mol K) 

C!6 CH
3

• e
2
H

S
' CH

4 
9.2 E. 13 11.7 E, 13 5.5 

11.7 E*, 14a 21. 5 E*, 14 5.0 
8.e E, 1f 11.6 E, If 5.2 
9.2 E, 13 11. 7 E, 13 5.5 

10.5 E*, 14b 17.9 E*, 14b 4.9 
8.8 Rec, If 11.6 Rec, If 5.2 " Z 

C!6 l-C{f7· e2HS G3
H8 8.5 S, 15 12.3 S, 15 4.6 m 

:::! 
n 

C
Z
H

6 2-C 3H 7' ett 5" Cfs 8.0 E, 16 12.9 E, 16 4.0 
." 
l> 

C ZH 6 
C

3
H

5
' C

2
H

S
' C3

H6 8.9 B, 17 20.5 B, 17 2.5 4.0 10.7 -1.0 :::a 
l> 
~ 

Cl\ l-C
4
H

9
• CZH S n-C 4H 10 8.5 S, 15 12.3 S, 15 4.6 m 

-f 
8.4 E*, IBa 15 E*, 18a 3.7 m 
8. S Rec, 15 12.3 Rec, 15 4.6 :::a 

CIt 

." 

C ZH 6 Z-C
4
H

9
• ~2H5' n-C 4H 10 8.0 S, lSb 12.9 S, 18b 4.0 0 

:::a 

Ci\ 2-methyl-l- G
2
H

S
' Z-methyl- 8.5 S, 15 12.3 S, 15 4.6 :;:, 

I 

propyl propane l> -" Cl 6 C 4H7' eZH S' l-C 4HB 9.0 B, 19 24.1 B, 19 1.4 4.4 15. e -1.2 l> 
Z 
m 

C
Z
H

6 C 4H7' eZM 5' 2-G 4H8 8.8 B, 20 23.0 B, 20 1.6 2.3 13.2 -1.2 
~ 

~ C
2
H

6 
l-R· CzH 5' RH 8.5 S, IS 12.3 S, IS 4.6 0 -m 

~ n 
~ CtI6 2-R' CzH 5' RH 8.0 S, lSb 12.9 S, H'b 4.0 C -m n CIt :r 

C 3
H8 H l-C

3
H

7
• H2 1l.1 S, 218 9.7 S, 218 8. 1 ." 

? 

~ C 3
H8 H 2-C :JI 7' H2 10.7 B, 2Ib 7.1 B, 21b 8.5 

11.0 E, 21e 8.3 E, 2Ie 8.4 
0 10.8 Ree, 2Id 7.7 Rec, 2Id 8.4 D 

1 
< C 31I8 

CH • l-C 3H 7' CH
4 

9.0 E, 22 11.5 E, 22 5.4 
~ 3 

:0 C3Hg CH
3

• 2-C 3H 7' CH
4 8.8 E, 238 JO.l E, 23a 5.6 

Z 9.3 E, 23b 11.3 E, 23b S.tl 
~ 10.4 E, 23c 15.1 E, 23c 5.7 
!'J 8.3 R, If 9.6 R, If 5.3 

~ 8.8 Rec, 23d 10.5 Rec. 23d 5.5 
U1 

011 
~ C 
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Table 5. Arrhenius Parameters and rate constants at 700 K for H-Transfer ••• Continued 

C 3
H S 

Cfls 

C3
H e. 

C3
HS 

C 3
H S 

C 3HB 

C3"S 

C:!B 

C:!.18 

C:!S 

C3
H8 

C3
HS 

C!8 

C~8 

C3
HS 

C 3
H a 

C 3
H S 

C 3
H8 

C~8 

C~8 

Reactants 

e
2
H

S
' 

C 2HS' 

2-C 3H; 

l-C
3
H

7
' 

C 3HS' 

C 3HS' 

I-G
4
H

9
' 

Products 

l-C
3
H

7
' C

2
H

6 

2-C 3H 7' C -Jl6 

J-C 3H i' C 3H 8 

2-C 3H 7' C 3H 8 

l-C 3H7
' C3

H6 

2-C 3H 7 • C 3H 6 

I-G 3H 7' n-C,PI0 

l-C 4H9' 2-C:! 7' n-C 4H 10 

2-G"H 9° l-Cjl7' n-C 4H I0 

2-G 4H9
' 2-C

3
H

7
• n-C

4
H

I0 

2-methyl-l- l-C
3
H

7
' 2-methylpro-

propyl pane 

2-methyl';'1- 2-C
3
H

7
' 2-methylpro-

propyl pane 

C 4H7' 

C 4H7' 

C'4H7' 

C "H 7' 

l-R' 

l-R' 

2-R' 

2-R' 

l-C ! 7' too{; 4H 8 

2-C ~ 7' loo{; "H 8 

1-C 3H 7' 2-C'4H9 

2-C 3H 7 • 200{; 4H 8 

l-C
3
H

7
' RR 

2-C 3H7' RH 

n-C "HIO H 

n-C 4H 10 H 

l-C 3R7' RR 

2-C 3H7' RH 

l-C 4H9' H2 

2-C
4
R

9
' H2 

log [A/L mOl-Is-I) Source 

8.5 S, 15 

7.7 S, 24 

8.0 S, lSb 

7.7 S, 25 

8.9 S, 26 

8.3 B', 27 

8.5 S, 15 

7.7 S, 24 

S.O S, 18b 

7.9 S, 28 

8.5 S, 15 

7.7 S, 24 

9.0 S, 29 

7.8 S, 30 

8. B S, 31 

7.8 S, 32 

8.5 S, 15 

7.7 S, 24 

8.0 S, ISb 

7.9 S, 28 

11.1 S, 218 

11.1 S, 21e 

E, 
kcal/mol 

12.3 

10.4 

12.9 

10.4 

20.5 

16.1 

12.3 

10.4 

12.9 

12.3 

12.3 

10.4 

24.1 

18.6 

23.0 

19.0 

12.3 

10.4 

12.9 

12.3 

9.7 

1.7 

Source 

S, 15 

S, 24 

S, lSb 

S, 25 

S, 26 

B, 27 

S, 15 

S, 24 

S, ISb 

S, 28 

S, 15 

S, 24 

S, 29 

S, 30 

S, 31 

S, 32 

S, 15 

S, 24 

S, ISb 

S, 28 

S, 21a 

S, 21e 

log [k/L mol-Is -1 J 
at 700 K 

4.6 

4.4 

4.0 

4.4 

2,.5 

3.3 

4.6 

4.4 

4.0 

4.1 

4.6 

4.4 

1.4 

2.0 

1.6 

1.9 

4.6 

4.4 

4.0 

4.1 

8.1 

8.7 

llS 0 (700) 
cal/(lIlol K) 

3.3 

<llC > (700) 
llH°(7CO) P (300) 
kcal/nol cal!(mol K) 

6:1.. -0.7 

VI 
J:IIo 
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Table 5. Arrhenius Parameters and rate e~nstants at 700 K f~r H-Transfer •.. Continued 

E, Ing [k/L mnl-'s-'] t:,So (700) f:,}f (700) 
<t.C > (700) 

p (00) 
Reactants Prnduets I~g [AIL m~1-1s-1] S~uree keallm~l S~urce at lOOK cal/(rnol K) keel/mol cai/(rnol K) 

n-C4HlO CH3' '-C4H9' CH4 8.6 R, 33 11.1I R, 33 :.0 

n-C4HlO , CH3' 2-C4H9' CH4 8.9 E, 34a 9.5 E, 34a 5.9 
11 • .4 E*, 34b 18.2 EI, 34b ~. 7 
8.6 R, 1f 9.6 R, 1f 5.6 
8.6 Ree, 1f 9.6 Ree, 1f 5.6 

~ 

n-C4:110 C2H5' 1-C4Hg. C2H6 8.5 S, 35 12.3 S, 35 !t.6 Z 
m .... 

n-CW110 C2H5' 2-C4Hg. C2H6 8.0 E, 36a 10.4 E, 36a 4.8 n 
10.5 E*, 36b 20. 1 E*, 36b 4.2 -,:, 
8.0 Ree, 36a 10.4 Bee, 36a 4.8 > ::u 

> 
n-C4H1 O '-C3Hr 1-C4Hg. C3H8 8.5 S, '5 12.3 S, 15 4.6 ~ 

m .... 
n-C4H 10 1-C3H7• 2-C4Hg. C3HS 8.0 S, 37 10.4 S, 37 408 m 

::u 
en 

n-C4H1O 2-C3H7' 1-C4Hg. C3H8 8.0 S, 38 12.9 S, 38 4.0 ." 
0 

n-C4H10 
::u 

2-C 3H7' 2-C4Hg. C3Ha 8.0 S, 39 '2.3 S, 39 L2 :;:, 
I 

n-C l1H10 C3H5' 1-C4H9' C3H6 8.9 S, 26 20.5 S, 26 2.5 > ,... 
:::-:: 

n-C l1H10 C3HS' 2-C4Hg. C3H6 8.5 B, 40 16.4 B, 40 3.4 4.2 6.7 -0.9 > 
Z 
m 

n-C~H10 2-C 4Hg. 1-C4Hg• n-C4H10 8.0 S,' 38 12.9 S, 38 1t.0 ~ ... 0 
n-CtH 10 1-C4H9' 2-C4H9' 8.0 10.~ S, 37 4.8 r-

n-C4H1 O S, 37 m 
." n :r 
'< n-CLH10 1-C4H9' 8.5 S, '5 12.3 S, 15 !l.6 

c: 
~ 2-methyl-'- 2-methyl- r0-

m n or~pyl prnpane en ::r 
." 

~ 
n-C!tH 10 4.8 2-methyl-1- 2-C4H9' 2-methyl- 8.0 S, 37 10.4 S, 37 ,.. 

~ prnpyl pr~pane 

0 
n-C 4H,O 1-C4Hg. '-C4H8 B, 41 20. 1 a, 41 2.7 4.6 11.8 -1.2 Q C4H7• 9.0 

i 
< n-C~H10 C4Hr 2-C 4H9' '-C 4HS 8.2 B, 42a 19.0 3, 42 2.3 2.5 9.3 -1.0 
~ 
!J n-C4H10 z C4H7' 1-C4H9• 2-C4H8 8.8 S, 31 23.0 S, 31 1.6 

0 

n-C:+H 10 2-C liH9· 8.4 B, 42b 19.0 B, 142 2.5 2.5 9.3 -1.0 
!'l 

C4H7' 2-CliHB 

~ I1-C~H10 1-R· 1-C1jHg• RH 8.5 S, 15 12.3 S, 15 4.6 c.n 
~' .Iloo 

Co) 
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~ Table 5. Arrhenius Parameters and rate constants at 700 K for H-Transfer ••• Cont:f.nued "" J:r. 
;J J:r. 

~ 
t', 
:r 

<h.c > (nO) tt 

~ E, log [k/L mol-Is-I] liS 0 (700) lIR o (700) p (3)0) 
;lID Reactants Products log [AIL mol-Is-I] Source kcal/mol Source at 700K cal/(mol K) keal/mol cal/(mol K) 
~ 
1:7 
a ; 
< ;1-C

4
H

lO 
l-R' 2-C

4
H

9 
" RH 8.0 S, 37 10.4 S, 37 4.8 

~ 
~ :t-C 4HIO 2-R' l-C

4
H

9
" RH 8.0 S, 38 12.9 S, 38 4.0 

z 
0 

:1.-C
4

H
lO 

2-R" 2-C
4
H

9 
• S.O S, 39 12.3 s, 39 RH 4.2 

~ 

~ 
IlD 

G3
H6 H C3

HS' HZ 10.7 E, 43 5.0 E, 43 9.1 0 

11.0 E, 44 3.5 E, 44 9.9 
11.0 Rec, 44 3.5 Rec, 44 9.9 

? 
G3

H6 CH
3

' C3
HS' CH

4 7.3 E, 45 1.2 E, 4S 5.0 : 
8.1 E, 46 8.2 E, 46 5.5 > 8.2 R. If 8.8 R, If 5.4 r-.-
8.2 Ree, If 8.8 Ree, if 5.4 > 

:II:! » 
'::3H6 C

2
H

S
' C3

H S" C
2

H
6 

8.0 5, 47 9.8 S, 47 4.9 » 
l-C

3
H

7 
• C3

HS' 
Z 

::3H6 C3
HS 8.0 s, 47 9.8 S, 47 4.9 C 

::a 
::3H6 2-C 3"7· C3

HS· C3
H8 8.0 S, 48a 10.8 S, 488 4.6 

6.7 E, 48b 7.6 E, 48b 4,3 U'l 
X 

7.6 Rec, 48c 9.7 Rec, 48c 4.6 > 
~ 

:;3H6 l-C
4
H

9
" C3

HS' n-C
4

H
10 8.0 S, 49 9.8 S, 49 4.9 

C3
H6 2-C 4H

9
• C3

HS n-C
4
H

IO 7.6 S, 50 9.7 S, SO 4.fi 

::3H6 2-methyl-l- C3
HS' 2-methyl- 8.0 S, 49 9.8 S, 49 4.9 

propyl propane 

C3
H6 C4H

7
• e3

HS" l-C 4HS 8.0 S, 51 17.5 S, 51 2.5 

C3
H6 C4H/ C3

HS· 2-C
4
HS 8.0 S. 52 15.9 S, 52 3.0 

C3
H6 l-R" C

3
HS .. RH 8.0 S, 49 9.8 S, 49 4.9 

C3H6 2-R· C3HS· RH 7.6 S, 50 9.7 S. 50 4.6 

I-G4
H8 H C

4
H

7
• H2 1l.0 E, 538 3.9 E, 53a 9.8 

11.0 S, S3b 3.5 S, 5.3b 9.9 
11.0 Ree. S3a 3.9 Rec. 538 9.8 
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Table 50 Arrhenius Parameters and rate constants at 700 K for H-Transfer ••. Continued 

Products 

CH 4 

C2"6 

C3"8 

C3"S 

C3
H6 

n-C 4" 10 

n-C
4

H
10 

2-methyl­
propane 

2-C 4"8 

R" 

RH 

H2 

CH4 

C
2
H

6 

C3Hg 

C3"g 

C3"6 

n-C 4H
IO 

n-C
4
H

10 

2-methyl­
propane 

1-C 4HS 

lUI 

RH 

log (A/L mol-Is -l J Source 

8.0 E, 54 

S,O S, 47 

8,0 S, 55 

7.6 S, 50 

7,9 B, 56 

8.0 S, 55 

7.6 S, 50 

8.0 S, 55 

7.6 S, 57 

B.O S, 55 

7.6 S, 50 

11.3 S, 58 

8.4 E, 54 

8.3 S, 5S 

8.3 S, 58 

7.9 S, 58 

8.4 n, 59 

8.3 S, 58,. 

7.9 S, 58 

8.3 S, 58 

8.0 B, 60 

8.3 S, 58 

7.9 S, 58 

E, 
ked/mol 

7.3 

8.3 

8.3 

9.7 

12.4 

8,3 

9.7 

8.3 

12.4 

8.3 

9.7 

3.5 

8.2 

9.8 

9.8 

9.7 

13.4 

9.e 

9.7 

9.8 

15.0 

9.8 

9.7 

Source 

E, 54 

s. 47 

S, 55 

S, 50 

B, 56 

s. 55 

S, 50 

S, 55 

S. 57 

S. 55 

5, 50 

S, 58 

E. 54 

S, 58 

S, 58 

5, 58 

B, 59 

S. 5S 

S, 5S 

S, 58 

B. 60 

S, 58 

S, 58 

log (k/L Dol-1s-1J 
at 7')OK 

5.7 

5.4 

5.4 

4.6 

4.0 

5.4 

4.6 

5.4 

3.7 

5.4 

4.6 

10.2 

5.8 

5.2 

5.2 

4.9 

4.2 

5.2 

4.9 

5.2 

3.3 

5.2 

4.9 

/),s ° (700) 
cal/(mol K) 

-0.4 

1.7 

2.1 

<be> (700) 
bH 0 (700) p (300) 
kcal/mol cal/(mol K) 

-5.1 0.2 

-2.5 0.2 

2.6 -0.1 

" Z 
m ... n 
"G » 
::v » 
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m ... 
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lit 
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o 
::v 
~ 

i-.... 
" ~ 
m 

~ 
o 
r­
m 
n 
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Notes on H-Transfer 

la. log kback =l1.1-l1.9/0, recommended value of 
Walker [11~ 

lb. Recommended value of Walker [1] based on a 
critical review of experimental data (1"'..1300-1000 K). 

1c. Average of six consistent sets of parameters 
taKen from the review of Gray, Herrod and Jones 
[2a]. 

Id. Modified BEBO calculation by Arthur, Donchi, 
and McDonell [2b]. 

Ie. Calculation based on molecular-orbital method 
by Bell and Perkins 12c). 

If. Critical review by Kerr and Parsonage [2d]. 
19. Average of aU values except the mo calculations 

which seem too low. 
2a. log kback= 11.1-9.7(0, (this table). 
2b. Data of Baldwin et al. (3b] at 713 K. 
2c. Data of Boddy and Steacie [3c]. 
2d. Data of Reid and Le Roy [3d]. 
2e. Modified BEBO calculation by Arthur, Donchi 

and McDonell [39]. 
2f. Average of an values except those of Boddy and 

Steacie which appear to be too low. 
3a. log kback= 11.1-9.7(0, (this table). 
3b. Data of Baldwin, Walker, and Yorke [3e], 

corrected for the more recent value of the rate constant 
for recombination of 1-0aH7 . given in table 2. 

3c. Average value. 
4a. log kback =10.8-7.7/0, (this table). 
4b. Data of Baldwin, Oleugh, and Walker [3f]. 
5. log kback = 11.0-3.5/0, (this table) 
6. log kbsck=11.1-9.7 jO, (this table). 
7. log kbc.ok=11.1-7.7/B, (this table). 
8. Assumed to be the same as the value for 1-04Hg • 

+H2• 

9. log kback:;=:11.0-3.9j8, (this table). 
10. log kbsck=11.3-3.5jO, (this table). 
11. Assumed to have the same value as 2-C4H9 . 

+H2• 

12. Data of Baldwin, Jackson, Walker and Webster 
[3a]. These values are quite consistent with previous 
values measured by other workers at lower tempera­
tures (see refs. 5, 6, and 7). 

13. Experimental data [8J in the range 533-673 K; 
consistent with a number of data on -CHa group 
attack (2). 

14a. High temperature values of Pa,cey and Purnell 
[9a] in the range 920-1040 K. These authors propose 
curvature in the Arrhenius plot at temperatures above 
th A Tfl.TI e;'A 700-800 K. 

14b. High temperature data of Bradley and West 
[9b]. 

15. Assumed to have the same values as for C2Hs' 
+n-C4HIO~02H6+ 1-04H 9. 

16. Experimental values of Szirovicza 'and Marta 
[9c]. 

17. log kback =8.0-9.2jO, (this table). 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 

l8a. Recalculated from the data of Lin and Bac: 
[lOa] (843-913 K) using a value of 109.6 L mol-1 s­
for the ethyl recombination constant. 

18b. Assumed to have the same values as fo 
2-CaH 7' +C2H 6• 

10. log lCDacJ!:=8.08.3j(}, (this table). 
20. 10gkback =8.3-9.2jfJ, (this table). 
21a. Assumed to be the same as H+C2H 6• 

21b. Data of Baldwin, Cleugh, and Walker a"1 
713 K [3f]. ' 

21c. Oalculated from bond reactivities determinec 
by Baker, Baldwin and Walker [4]. 

21d. A ,;"crago of both values. 
21e. ,Assigned the recommended value for 

H+CgHs~H2+2-C3H7' But A was corrected for 
the different number of secondary hydrogens. 

22. Experimental data., 569-693 K (see ref. 8). 
23a. Experimental data, 573-726 K (see ref. 8). 
23b. Data of Oamilleri, lVlarshall and Purnell (CMP) 

[lOb], below 743 K. The Arrhenius plot is curved and 
values of E and A must be given for different tempera­
ture ranges. 

23c. Values of C1\1P [lOb] for the overall tempera­
ture range 676 to 813 K (see note 23b). 

23d. Average of all values except 23c. 
24. Assumed to be the same as for C2H s' 

+n-C"HlU--40C2Ho+2-CiHs-, but A corrected for the 
different number of secondary hydrogens. 

25. Same assumption as in note 24. Experimental 
data is also available for this reaction as Berkeley and 
coworkers [11] have measured k/k//2 between 303-403 
K, where kc is the 1-0aH7' recombination constant. 
Using kc= 109.6 (see recombination section) we calcu­
late log k=5.9-7.9jB. This value of the A-factor 
appears, unreasonably small. 

26. Assumed to be same as CaRs' +C2R a• 
27. log kb8Ck=7.6-9.7/0, (this table). 
28. Assumed to be the same as for 2-CsH,· 

+n-04Hlo~CaH8+2-C4H9' except A corrected for dif­
ferent number of secondary hydrogens. 

29. Assumed to be the same as for C4H7·+02H6~ 
l-C4Hs + C2Hs. 

30. Assumed to be the same as for C4H 7 • +nC4HlO~ 
l-C4H s+2-C4H g • with a correction for the different 
number of secondary hydrogens in CgHs. 

31. Assumed to be the same as for C4H7 . +C2H6~ 
2-C4H S +02Hs. 

32. Assumed to be the same as for C 4H 7· +n-C4H 10 

~ 2-C4H 8+2-C4H g • with a correction for the different 
number of secondary hydrogens in OaHs. 

33. Bllsed on experimental work [8] rAcSl:1cnlfltAd by 
Kerr and Parsonage [2dL 

34a. Experimental data [8] in the range 523-723 K. 
34b. Parameters determined by Pacey and Purnel1 

at 951 K for attack at all positions [12]. These workers 
conclude that E is strongly t,emperature dependent. 

35. The value of log A was chosen as 8.5 (rv±0.5) 
on the basis of the general values obtained from 
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~~J'mrtnHmHi Wi1Jl nJkyl nulica]s and alkanes (parti­
[millerl), (TIll' nbstrodiolls), Boddy and Steacie [13J 
hnvCl nHHu~ul'lKl n value of 11.7 for ethyl and neopentane 
(J'N\fdeulnted from t.heir dntfl using an ethyl recom­
hil1nt.ioJ) vnlue of 9,6). Their vulue seems unreasonably 
high find muy reHect netivn,ted radical reactions in 
tJwlr photochemical system. The activation energy 
WIiS estimated us 12.3 kcn.1/mol which is an average of 
the eorresponding CHa . and 2-CaH7 . abstraction en­
ergies for the primary position of n-butane (11.6 and 
12.9, respectively). 

36a. Previous data of Stes,cie and coworkers [13, 14, 
15] gives values of the abstraction para,meters relative 
to C2Ds ' recombination in the range "'-'350-600 K. 
Using the ethyl recombination rate of 109. 6 L mol-Is-I, 
vn.lues of log A for attack on cyclohexane, n-butane. 
n-bexane andn-heptane average about 8.0. The 
average value of the measured activation energies for 
these reactions is 10.4 kcal/mol (± 1-2) and appears 
reasonable. 

36b. See note 34b. Values of E have been reported 
at temperatures between 700 K and 951 K: log k= 
9.4-16.8/0 (693-803 K) [16] and logk = 9.8-18.6/8 
(793-863 K) [17]. 

37. Assumed to have the same value as for C2H5 . 
+n-C4H lO-7C2H6 + 2-C4H 9' 

38. Assumed to have the same value as 2-CaH7 . 
+C2He-7CaHs+C2Hs' . 

39. The A-factor was assumed to be the same as for 
G.lHs . radical attack. The reaction is a,pproximately 
thermoneutral and the value of E= 12.3, used for 
C2HS . +n-C4HI0-702H6+ l-C4H9 . , was assumed to 
be the value for a thermoneutral reaction. 

40. log kback=7.6-9.7/0. 
41. log kback =8.0-8.3/0, (this table). 
42a. log kback =7.6-9.7/8, (this table). 
42h. log h",ok=7J~-Q.7 IfJ, (t.hiR t.HhlA). 
43. Experimental data of Darwent and Roberts 

[18]. 
44. Woolley and Ovetanovjc [19] have determined 

kabslksddn for H+CaH6 to be O.O~2 at 2~6 K and Dar­
went and Roberts [18] obtained 0.42 at 298 K for the 
same ratio, giving an average of 0 .. 25 at 298K. Eval­
uating kaddn (total) at 298 K (see addition section for 
the addition parameters) and combining with the 
above ratio gives kabs=10s.4 L mol-Is-I. (The data of 
Darwent and Roberts (see above) gives kabs ""'107.o 
L mol-Is-I). If we assign log Aabs"-'I1.0 then to be 
consistent with kabs=10s.4 the value of E must be 
3.5 kcal/mol. 

45. Experimental data of Cvetanovic and Irwin 
{20] (353-453 K); relative to methyl abstra.ction from 
isobutane and methyl recombination. 

46. Data of Miyoshi and Brinton [21a] (381-441 K); 
f)fllculated relative to k(methyl recombination) 

L mol-Is-I, 

The A-factor was estimated to be the rounded 
of 108 .0 L mol- 1s-'. This value is elOiSe to the 

(') of 108.2 L mol-1s- I for CHs,+CsH6 (see table). 

The value of Efor 02HS' is assumed to be "'-'I kcal/mol 
larger than for the corresponding CHao attack. This 
increment is similar to those for thermoneutral­
exothermic alkane abstraction reactions. 

48a.The A-factor was estimated to be 108 •0 
L mol-Is-I, the gcncrol value for alkene abstractions 
(see 47). E was estimated to be "-'1 kcal/mol larger 
than for C2H s' attack, similar to the situation for 
alkane abstractions. 

48b. Experimental values of Szirovicza and Marta 
(9cl at 496-'548 K. 

48c. Recommended value obtained by giving a 
weight of 1 to the experimental values and 2 to the 
structural analogy. The experimental values were 
given less weight because the reported A factor (106.7) 
seems low compared to the general values for alkyl 
abstraction reactions. 

49. Assumed to be the same as for C2H5· attack. 
50. Assumed to be the same as for 2-03H7' attack 

on CaH6. 
51. The A-factor was assumed to be the general 

value for alkene abstractions while the value of E was 
assigned as 12.3 kcal/mol (the value for another ther­
moneutral reaction, C2H5·+n-04HI0-7C2H6+1-04Hg), 
+5.2 kcal/mol (the endothermicity of the reaction) 
= 17.5 kcal/mol. 

52. The A-factor was assumed to have the general 
value for alkane abstractions while the value of E was 
assigned as 12.3 kcal/mol (the thermoneutral value) 
+3.n k~H]/mol (thA AndothArmi~ity of thA flhRtrfl:~­

tion) = 15.9 kcal/mol. 
53a. Using Wooley and Cvetanovic's [19] value of 

0.093 for kabs/kaddn (at 296 K) and evaluating kaddn (see 
addition reaction section) gives kabs=108.1 L mol-Is-I. 
Assuming log Aabs"-'I1.0 gives E=3.9. 

53b. Assumed to be the same as for H+CaHe 
=H2 +CoHlj' 

54. Data of Cvetanovic and IrviTin [20] (353-453 K). 
55. Assumed to be the same as for 02HS' attack 

on 1-C4H s. 
56, log kback =8.0-17.5/8, (this table). 
57. Assumed to be the same value as for the corre­

sponding reaction with the allyl radical with a correc­
tion for the two-fold rotational symmetry of the allyl 
radical. 

58. Assumed to be the same .as for attack on 03H6 
exc.ept for R corrAct.ion in !\8t for t.wo-fold rotl1.tional 
symmetry of 2-04H s. 

59. log kback =8.0-15.9/0, (this table). 
60. log kback =7.6-14.4/0, (this table). 
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7. Addition Reactions 

Arrhenius parameters and· rate constants at 
700 K for addition reactions are listed in table 6. 
The Arrhenius A factors are probably accurate to 
within half a power of ten, the activation energies 
to within 2 kcaljmol, and the rate constants to 
within a power of ten. The data fall into two groups. 
The one is for hydrogen atoms. Here a great deal 
of work has been done. Hydrogen atom concentra­
tions can be measured to a fair degree of accuracy_ 
The rate constants are reliable. The other group is for 
addition of radicals. Here the experimental problems 
are more severe. IVluch of the data is relative, that is 
addition to one olefin is compared with addition to 
another olefin. Because many of the activation energies 
are low, care must be taken to ensure that the ad­
ditions are in the true second order region and are 
no~ into the fall-off. The notation is the same as in 
the previous table with the additional L for lower 
limit, calculated from the entropy change as de­
scribed in the Introduction. An extensive critical 
. compilation of data on the kinetics and thermo­
chemistry of atom and radical additions to olefins 
has been prepared by Kerr and Parsonage [1] and is 
highly recommended for detailed discussions of these 
reactions. 
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Table 6. Arrhenius parameters and Rate Constants at 700 K for addition 

Reactants Products 

I-CSHlO I-GSHll' 

l-CSHio 2-CSHll ' 

2-C
S

Il
I0 

2-G
S
H

ll
' 

2-methy1-1-
propyl 

2-methyl-l­
butyl 

3-Gr,H 1:; 

I-penten-3-yl 

2-rnethyl-l­
butyl 

3-C
6
H

13
' 

2-ethyl-l­
butyl 

1-hexen-)-yl 

9.9 
10.5 

E .1 
11.0 
10.6 

10.0 
7.6 
9.8 

10.1 
9.9 
9.9 

10.0 
8.1 
9.9 
9.9 

Source 

E, la 
E, Ib 
L 
R, lc 
Rec, Id 

E, 2a 
L 
E, 2b 
E, 2c 
R, lc 
Rec, Ie 

E, 3 
L 
R, lc 
Rec, Ic 

9.9 S, 4 
8.0 L 

9.9 s, 
r.l L 

9.7 s, 
8.4 L 

10.6 E, 
7.9 L 

9.9 S, 

9.9 S, 

9./4 S, 9a 
f.6 [, SIb 
9.4 P.cc, ~'a 

S.4 $, 9(1 
r,.6 . 1:, ~'h 

9.L; Kcc, ~I() 

8.6 E, lOa 
6.8 L 

8.5 R, lc 
8.3 E, lOb 
7.5 E, 2b 
8.0 E, 2c:. 
8.1 Rec, IDe 

8.5 r:, lOa 
6.3 L 

8.5 E, 11 
5.9 L 

8.3 E, lOa 
6.0 L 

8.) S, 12 

8.3 S, 13 

7.9 E. 14 

7.8 E, 15 
6.8 L 

7.6 S, 16 
6.3 L 

7.6 S, 17 
5.9 L 

7.6 S, 16 

7.6 S, 17 

7.8 S, 18 

7.8 E, EJ 
6.4 L 

E, 
kcal/rnol 

1.5 
3.2 

2. f-
2.6 

1.2 

1.7 
1.6 
1.2 
1.2 

2.9 

2.9 
2.9 

Source 

E, la 
E, Ib 

E, Ie 
Ree, Id 

E, 2a 

r, 2b 
E, 2e 
P., Ie 
Ree, Ie 

E, 3 

R, Ie 
Rec, Ie 

1.2 S, 4 

2.9 S, 

2.9 S, 

1.2 S, 

1.2 Rec, 9a 

1.2 f.) !in 

1.2 !'ec, 9a 

7.9 E, lOa 

log [k/L moels -I J 
at 700 K 

9.4 
9.5 

10.1 
9. r, 

9.3 
9.6 
9.5 
9.5 

9.1 

9.0 
9.0 

10.2 

9.0 

9. r 

9.0 

6.1 

7.7 R, Ie 6.1 
7.3 E, lOb 6.0 
7.9 E, 2b 5.0 
7.9 E, 2e 5.5 
7.7 Ree, IDe 5.7 

7.4 E, lOa 

9.1 E, 11 5.6 

7.2 E, lOa (J.O 

8.9 S, 12 5.5 

7.2 S, 13 6.0 

4.1 E, 14 6.6 

7.6 E, IS 5.4 

7.5 S, 16 5.2 

9.2 S, 17 

7.5 S, 16 5.2 

9.2 S, J 7 4.7 

4.5 S, 18 

7.4 E, 19 5.5 

-7.0 S, 20 5.6 
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Table 6. Art'henius parameters and P.ate Constants at 700 K for addition ••• Continued 

Reactants 

C
3
HS' 

C
3
HS' 

C
3
H5 • 

C
3
H5 • 

l-C
4

H
9

' 

l-C
4

1!9 • 

I-G
4

R
9

' 

2-C
4

H
9 

• 

I-GSHU' 

l-CsH
ll

' 

l-CSHU' 

l-CSRU' 

C
2

H
4 

C3
H6 

1-~4HS 

C
4

H
6 

C3
H6 

l-C
4
H

S 

C
4
H

6 

C
2
H

4 

C
2
H

4 

C::;H6 

l-C
4
H

8 

C
4

H
6 

3-C
S
H
ll

' C
2

H
4 

3-C
S
H

U
' C

3
H6 

3-C
S
H

ll
' l-C

4
H

8 

3-CSH11 ' C 4H6 

Products 

2-methyl-.l­
pent)'l 

3-C
7
H

1S
' 

2-ethyl-l­
penty1 

I-heptene-3-yl 

3-methyl-l­
butyl 

4-methyl-2-
pentyl 

2-methyl-4-
hexyl 

5-methyl-1-
hexen-3-yl 

4-penten-I-yl 

5-hexen-2-yl 

5-hepten-)-yl 

1,6-heptadien 
-3-yl 

2-C 7!l15' 

3-C
S

Il
17 

• 

1-octen-3-yl 

3-methyl-l­
pent~l 

4-rnethyl-2-
hexyl 

5-met-pyl-3-
heptyl' 

5-methyl-l-hepten 
-3-y1 

l-C
7
H

15
' 

2-C gH
1

; 

3-C
9
H

19
' 

I-nonen-3-y1 

3-methyl-1-
hexyl 

4-methyl-2-
heptyl' 

5-methyl-3-
octyl 

5-methyl-l­
oeten-3-yl 

3-ethyl-l-penty1 

3-e t hyl-S-hexyl 

3-ethyl-S-heptyl 

5-ethyl-l­
hepten-3-yl 
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7.6 
6.4 

7.8 

7.6 

7.3 

Source 

S, 21 

S, 20 

S, 21 

S, 22 

E, 23 
1 

S, 24 

S, 24 

S, 24 

5, 25 

S, 25 

S, 25 

S, 25 

5, 26 
E, 27 
Ree, 27 

S, 26 

S. 26 

S, 26 

S. 28 

S, 2f'. 
E, 29a 
Ree, 29b 

S, 30 

S, 28 

S, 31 

S, 26 

S, 26 

S, 26 

7.6 S, 32 

-8.1 S, 32 

8.1 S, 32 

-7.6 S, 32 

7.6 S, 32 

8.1 S, 32 

8.1 S, 32 

-7.6 S, 32 

E, 
kcal/mol-

4.5 

-17.0 

-17.0 

7.4 
6.7 
6.7 

-S.O 

4.5 

-7.0 

Source 

S, 21 

S, 20 

S, 21 

oJ, 22 

E, 23 

5, 24 

5, 24 

S, 24 

5, 25 

5, 25 

5, 25 

5, 25 

5, 26 
E, 27 
Ree. 27 

S, 26 

S, 26 

5, 26 

S, 28 

S, 28 
E, 29a 
Ree, 29b 

S, 30 

S, 28 

S, 31 

S, 26 

5, 26 

5, 26 

6.9 S, 32 

8.0 S, 32 

8.0 S, 32 

4.5 5, 32 

6.9 S, 3:t 

8.0 S, 32 

B.O S, 32 

4.5 S, 32 

log [k/L mol-Is-I] 
at 700 K 

5.1 

5.6 

5.1 

6.4 

5.4 

5.4 

5.4 

5.4 

2.4 

2.5 

2.5 

3.3 

5.5 
5.2 
5.2 

5.6 

5.6 

5.4 

5.4 
5.7 
5.6 

5.6 

5.4 

5.2 

5.6 

5.6 

6.4 

5.4 

5.6 

5.6 

5.6 

5.4 
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Notes on Addition Reactions 

1 ft, lCxpcl'iment,al data of Wooley and cvent~~vic 
121 nt 2BS)\ give k(CsH6)/k(C2H4) =1.5 for H .addItIOn. 
,';(}>\\Ilning this difference is due only to dIfferences 
ill 1!,' Imd using the recommended value for propylene 
IIddition we calculate log k(C2H 4 ) =9.9-1.5/0. 

1 b. Parameters recommended by Baldwin, ~im­
mons and Walker [4] based on experimentally obtamed 
values. 

1 c. Value recommended by Kerr and Parsonage 

[1]. . . . 
leI. Weighted average, grvmg a weIght of 2 to 1c, 

[mel 1 each to la and lb. 
2a. Experimental data of Kurylo, Peterson and 

Braun (3a1. 
2b. Calculated data of Camilleri, 11 arshall , and 

Pumen [3b] (C::rvfP) at 676 to 813 K, from back .reac­
tion recombination rates, and thermochemIstry. 

2d. Recalculated from C1'1P's data using recom­
bination rates and thermochemistry given earlier in 
this paper. 

3. Falconer and Sunder [5] have observed 5.7% 
nontermina] Rddition of H atoms to CoHe (at 300 K). 
Attributing this selectivity solely to differenc~s in. 
activation energy leads to a 1.7 kcal/mol hIgher 
energy for nonterminal addition with equal A-factors. 

4. Parameters assumed to be the same as for H 
+CaH6-72-CaH7" Wooley and Cvetanovic [2} observed 
k(CaHs)/k(1-C4Hs) """1.0 ("-'300 K), while Falc?ner 
and Sunder [5] observed equal selectivities for termmal­
nonterminal addition in propylene and l-butene thus 
suggesting that the activation parameters are quite 
similar. 

o. Pttrametel":S a:s:sumed to be the same as for II 

+CaH6-71-CaH7" See note 4. 
6. Experimentally determined addition rate con­

stants II] for propylene are 1.6 and 2.0 times as large 
as those respectively for trans and cis-3-bu~ene at 
,....,200 K. Assuming changes are due only to A, leads 
to A(1-C4Hs) "-'109•

7 (for trans isomer}. 
7. Data of Yang [6] at 304 K. 
8. Assumed to have t,he sa.me values as for appro­

priate addition to 1-C4H g• A number of experimentally 
measured rate constants ("-'300 K) for addition (both 
positions) to I-butene and I-pentene are nearly iden­
tical [I), 

9a .. Assumed to have the same values as for H 
+2-C4Hs~2-C4H9' but with tlSt corrected for tV1lO-fold 
rotational symmetry ill 2-C4H s. 

gb. Experimental value of Cvetanovic and DQyle 
\7] measured for trans-2-pentene. 

J Oa. Experlmental data of Cventanovic and Irwin 
~H 1 n,t, 400 K. 

.10b. Experimental data and review of others' results 
ry Holt. and Kerr [8b]. 

Hk, Average value. 
11, r\t!SllJnillg that the A-factors for terminal and 

?I{.n!~rmillltl nddition are equal, the observed [9} 9/1 

ratio (at 380 K) for the addition selectivity can be 
attributed to E R.nd thus, RtorrntDo.l-RDonterrnlDo.l = 1..7 
kcal/mol. 

12. The same assumptions were made as in note II. 
11cNesby and Gordon 110] have observed a ratio of 
i;erminal to nOllLerminal addition of between 8 and 
9 at 673 K for 1-C4H s+CHa• 

13. Assumed to have the same values as for CHao 
+ 1-C4Hs-?3-CsHll' 

14. Experimental values of Cvetanovic and Irwin 
I8] at ,-,.,.,400 K. 

15. Watkins and O'Deen [151 determined log 
(kadd/kc1/?) ~3.0-7.6Io (.-~380 K) -where kc reftms iu 

the rate of ethyl recombination. Using log k c=9.6 (see 
recombination section) log k add =7.8-7.6JO. 

16. A rough average of reported values for addition 
of CzHs ' to the series of olefins; ethylene tI5), I-hexene, 
I-heptene [11] and l-octene; gives a value of Jog 
k"-'8.0-7.5/0 calculated relative to log k/12 (C2HS' 
recombination rate) = 5.2. Using log k c 1/2=4.8 (see 
recombination section) gives log kr--...t7.6-7.5/e. 

17. The ratio of terminal to nonterminal addition 
was assumed to be the same as for the CHa, radical 
(se~ note 11) and similarly attributed to a difference 
in activation energies. . 

18. Rate constants for CzHs ·+2,3-dimethylbuta­
diene-l,3 have been determined relative to P/2(CzH5' 
recombination) at ,....,350 K [11, 12]. Using k(CzHs·) 
= 109

•
6 we calculate log k=7.8-4.5/fJ. 

19. Watkins and Lawson [12] observed that rog 
k/kc 1

/
2 (CzHs· recombination)=3.0-7.4/0 between 33.0 

and 373 K. Using 109 .6 L mol-1s- 1 for ethyl recombI­
nation (see recombination section), log k=7.8-7.4/e. 

20. The A-factor was estimated to be about the 
same as l-CsH 7·+CzH 4 whereas Eis taken as an 
approximat.e average from critical energy values for 
the addition of I-CaH7' to l-C4Hs and I-CsRIO {131. 

21. Assumed to be the same as l-CaH7,+CaH6~2-
C6H 1S ' with 1.7 kcal/mol higher energy for nonterminal 
addition in analogy ,\'ith CHao addition (see note 11). 

22. Assumed to be the. same. as C2H s·+C4HI}' 
23. The value of the rat.io log k/kc 1/ 2 has been deter­

mined by two sets of workers [14, 15] to be 2.8-6.9/0 
at "-'400 K, where kc is the 2-C3H7' recombination rate 
-constant. Using kc~ 10 9 .5 Lro.ol-1c-1 WO ou,lcu]o,tc 

log k=7.5-6.9je. 
24. Assumed to ha.ve the same values ~1S for 2-CaH7' 

+C2H 4 except for the a.ctivation energy {or Z-CaH7' 
+C~H8 which is assumed t.o have the same value as 
for l-CsH7·+C4H 6• 

25. The rate parameters are assumed to be the same 
3S for t.hp, RnA.1ogonc:: 1'P.lH·.t,ion with l.hl~ 1 J\H .... 1'1'1.11;(,91 
except the a.ctivat.ion energy is assumed to be """,1 D 
kcal/mol higher, l'eflecting an a.ssumed complete.l?ss 
of the allyl resonance energy [16] in the transl.tIOn 
stat'e. The later assumption appears reasonable smce 
the low A-factors observed for a.ddition correspond 
to lo\,,, va.lues of ASt Bnd thus "tight" transition states, 
\yhich must closely resemble the product radicals. 
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26. Parameters are assumed to have the same value 
as for the analogous addition with the l-CaH7 . radical. 

27. Watkins and O'Deen [15] have measured log 
(kkc1

/ 2/ka) =2.2-6.7 /f} between 352-405 K, where kc 
and ka are the recombination rate constants respec­
tively for the l-C4H 9 • radical with itself and the 
C2H5 • radical. Using kc= 109 •6 L mol-1s-1 and ka= 
109 .9 L mol-1s-1 (see recombination section) we calcu­
late log k= 7.3-6.7/8. 

28. Assumed to have the same values as for the ana­
logous reactions of the 2-CaH7 . radical. 

29a. Experimental value for log (k/k//2) has been 
measured by Miyoshi and Brinton [9] where kc is the 
recombination constant for 2-C4H9 '. Using log kc= 
9.5 we calculate log k=8.1-9.2/0. 

29b. Average value. 
30. Assumed to have the same values as for 

2-C4H9·+CaH6• 

31. Assumed to have the same values as for the 
ana]agous reactions of the l-C4H9 . radical. 

32. Assumed to have the same values as for the 
analagous reactions of the 2-C4H9 . radical. 
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8. Radical Decomposition 

Arrhenius parameters and rate constants at 700 K 
for radical decompositions are in table 7. The notation 
is-the sa.me as in the previous table. The Arrhenius A 
factors are probably accurate to within a power of 
ten, the activation energies to within 3 kcal/mol, and 
the rate constants at 700 1):: to within about one and 
a half powers of ten. As with addition reactions, care 
must be taken to ensure that the pressures are high 
enough for the decomposition of small alkyl radicals 
to be in their true first order region. All rates of de­
composition are measured relative to radical recom­
bination. Thus as recombination rate constants change 
in the futuro, docomposition ratc constants will change 
in the same direction by half as much (decompositions 
are first order in radical concentration and recombina­
tions are second order). Many of the values in the 
table are calculated from the rate constants for their 
reverse reaction (addition). and thermochemistry. 
Changes in addition rates win affect these values di­
reeBy. Changes in radical thermochemistry may 
cancel as one radical reacts to give another. For ex­
ample in the decomposition of n-propyl to give methyl 
and ethylene, if the heats of formation of methyl and 
n-propyl both· increase by the same amount and the 
rate of the addition stays constant, then the rate of 
decomposition calculated from the rate of addition 
will remain the ~R,me. 



Table 7. Arrhenius parameters and rate constants at 700 R for radical decol':1position 

/)'So (700) flrf (700) 
<flC >(700) 

log [A/s -1 J 
E, 

lo~ [k/s -1 J 
p (300) 

Reactant Products Source keal/r.lOI Source cai/(mol K) k.eal/mol cal/(rnol K) 

e 2
HS - H C

2
H

4 13. S E, la 40 1::, la 1.0 
13.9 B, Ib 40.9 B, lb 1. I 25.2 39~7 4.0 
13.5 R, Ie 40.7 R, Ie 0.8 
13.6 Rec, ld 40.5 ree, Id 0.9 

l-C 3l!7- CH
3

' C
2
H

4 
14.0 E, 2a 32.6 8, 2a 3.8 '" 12.8 E, 2b 32.6 B, 2b 2.6 31.4 26.3 1.2 Z 
12.6 E, 2e 32.5 E, 2c 2.4 m 

-t 
13.6 R, 2d 33.1 R, 2d 3.2 n 
13.1 Rec, 2e 32.5 Rec, 2e 2.9 ." 

l> 
l-C

3
H

7
- II C3II6 13.2 n, 3 38.6 S, 3 1.1 25.2 37.1 2.8 :a 

l> 
~ 

2-C
3
H

7 
• H C3H6 13.9 E, I+a 38.7 E, 4a 1.8 m 

-I 
13.6 B, 4b 40.5 B, 4b 0.9 27.3 1,0.7 3.2 m 

13.9 E, 4e 40.9 g, 4c 1.1 
:a 
'" 14.3 R, Ie 41.3 R, Ie J.4 '11 

13.9 Ree, 4d 40.4 Ree. 4d 1.3 0 
:a 

l-C 4H9 - C2HS• C2H4 13.2 E, 5a 28.7 E' 5a 4.2 :) 
I 

12.4 B, 5b 28.5 B, 5b 3.5 31.2 22.3 -1.6 l> 
r-

13.6 R, Ie 29 R, Ie 4.5 '" 13.4 Rec, 5e 28.8 Rec. 5c 4.4 l> 
Z 
m 

l-C
4
H

9
• H l-C 4H8 13.1 B, 6 38.6 S, 6 1.0 24.7 37.1 22.8 

~ 

2-C 4H9· CIl
3 

• 
0 

!- C3H6 14.4 E, 7a 32.6 E, 7a 4.2 r"'" 
m 

~ 
13.6 B, 7b 32.9 B, 7b 3.3 33.5 26.9 0.8 n 
14.2 R, Ie 33.9 R, Ie 3.6 c: 

~ r"'" 

14.3 Rec, 7c 33.2 Rec, 7c 3.9 m 

'" n 
:r 
~ 2-C

4
H

9 
• ~ H l-C 4HS 13.3 B, 8 40.4 B, 8 0.7 25.7 40.6 3.0 

'" ~ 2-C 4H9• 11 2-C 4H8 12.7 B, 9 37.9 g, 9 0.8 23.6 38.1 3.2 
c 
a 2-methyl-1-propyl CH

3
' C3

H6 14.0 n, lOa 33.3 S, lOa 3.6 35.3 25.6 0.2 if 

< 
14.2 R, Ie 32.7 ~, Ie 4.0 

~ 12.0 E, lOb 31. 0 E, lOb 2.3 

:!' 
14.0 Ree, IOc 32.8 ~ec,10c 3.8 

Z C4H7' H C4H6 11,.1 B, 11 49.3 fi, 11 1.3 26.2 49.4 3.4 
~ 

!-' 
I-:-C 51!11 l-C

3
H

7 
• 

:0 C2l! I, 13.4 S, 12a 28.8 :0, 12a 4.4 
In 

00 
12.7 B, 12b U.O B, 12b 4.0 32.7 22.0 -1.2 In 

0 W 
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Table 7. Arrhenius parameters and rate constants at 700 ( for radical decomposition •.. continued ',..,-

~ .u :r 
~ 
n 
:T 
C1l 
3 ( lori, 
~ 

log [Als -1] 
I:, 

log[k/s- I ) 
(1..$0 (700) 6Ho (700) <.6Cp > (300) 

~ Reactant Products Source kcal/mol Source cDI/(rnol J:) kcal/mol call (mol !:-,,) 
0 
Q' 

~ 
< 1110 1 T ~ 12c 
~ 13.S Rec, 12d 2(',.4 Ree, 12d 4.'; 
~-o 

Z l-C SH 11 11 1-C
S
H

lO 
13.1 S, 13 3C.6 S, 13 1.0 

? 

.!N 2-C SH 11 · C21lS C
J

H
6 

12.7 n, 14 29.1 TI, 14 3.6 33.3 23.0 -2~() 

:(; 
2-C

S
lI
ll 

0 

II 1-C
S
H

10 
13.3 S, 15 40.4 S, 15 0.7 00 

0 

2-C SH 11 II 2-C SHlO 12.7 S. 16 37.9 S, 16 O.B 
~ 

3-G
S
H

I1 
CII

3
• 1-C

4
H

3 
14.6 33.2 S, I7a 4.2 : 
13.7 B, 17b 32.7 B~ 17b 3.S 34.7 26.9 0.7 » 14.2 Ree, 12d 33.0 Ree, 12d 3.9 r-.-

· » 
3-C SIt 11 Il 2-C

5
H

lO 
13,0 S, 18 37.9 S, 18 1.2 ;i'O 

» 
2-methyl-l-hutyl CH

3
• 1-C 4HS 13.7 S, 19 32.8 s, 19 3.5 » 

Z 
0 

2-methyl-l-butyl C
2
H

5 
• C3

H6 13.1 B, 20 29.5 B, 20 3.9 35.1 21.7 -2.6 
:0 

3-methyl-I-butyl 2-C
3
H

7
' C2B{~ 12.6 B, 21 26.2 B. 21 4.1, 33.1 20.7 -1.8 til 

X » 
l-C 4119. C

2
H

4 
13.4 S, 12A 28.8 S, 12a 4.4 :e 

2-C
6

H
13 · I-C

3
H

7
" C3

H6 13.2 fi, 22 2f..3 B, 22 11 .4 34.8 22.7 -1. 6 

3-C 6H 13 CH
3

• l-C
5

H
lO 

13.9 S, 23 33.0 S, 23 3.fi 

3-C
6
H

I3 
C

2
II

S
' l-C 1/13 12.7 S, 2lJ 29.1 S, 24 3.6 

3-methyl-I-pentyl 2-C 4H9' C2H l~ 12.6 S, 25 26.2 S, 25 4.4 

4-methyl-2-pentyl 2-C
3
H

7
" C3

H6 13.4 S, 2(' 28.2 S, 26 4.6 

4-mcthyl-2-hexyl 2~·C T! • 
I~ 9 C3

H6 13. '" n, 27 2P.2 B, 27 4.6 34.2 21.6 -2.3 

15 l-CSH
ll C2H4 13.4 S, 12a 28.1: S, 128 f l .4 

2-C 7H 15 l-C 4H9 • C}!6 13.2 S, 2[, 28.3 S, 2f 4.4 

3-C 7H 15 · CH
3

• l-C 611 L 2 13.9 S, 23 33.0 S, 23 3.6 

3-G 7H15 l-C 3}l7 l-C
4

Ha 12.7 S, 24 29.1 S, 2fJ 3.6 
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:s­
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-0 
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Reactant 

3-methyl-l-hexyl 

l-CSH17 

2-CSHI7 

3-C SH17 

3-Cr,H I7 • 

4-methyl-2-heptyl 

4-ethyl-2-hexyl 

3-C 9H19 

3-C 9H19 

Table 7. Arrhenius parameters and rate constants at 700 K for radical decomposition •.. continued 

E, /18° (700) /JJ!: (700) 
</1C > (laO) 

log [A/s-1] log[k/s- 11 
p (300) 

Products Source kcal/mol Source cal/(rnol K) kcal/mol cal! (mol K) 

2-C SHll C2H4 12.6 S, 2S 26.2 S, 2S 4.4 

l-C 6H 13 C2H4 13.4 S, 12a 28.S S, 12a 4.4 

l-CSH 11 C3
H6 13.2 S, 28 28.3 S, 28 4.4 

CH3• l-C 7H 1~ 13.9 S, 23 33.0 S, 23 3.6 

l-C 4H9· 1-C 411S 12.7 S, 24 29.1 S, 24 3.6 

2-C SHU C3
H6 13.4 S, 26 28.2 S, 26 4.6 

3-CSHU C3H6 13.4 S, 26 28.2 S, 26 4.6 

C1I 3• l-CSHI6 13.9 S, 23 33.0 S, 23 3.6 

l-C SIT 11 l-C 4HS 12.7 S, 24 29.1 S, 24 3.6 

,,;: 

Z 
m 
-t 
n 
"Q 

~ 

" ~ 
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m 
-t 
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n 
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Notes for Radical Decomposition 

la., The average of three consistent sets of experi­
mental values reported by Purnell and Quinn [1], 
Lin and Back [2] and Loucks and Laidler [3a}. 

I b. Calculated using back reaction parameters of 
E=2.6 kcalJmol anc1logA= 10.6 (see addition section). 

Ie. Values preferred by Benson and O'Neal [3bl. 
Id. Weighted average obtained by giving a weight 

of 2 each to the experimental value (note 1 a) a:nd 
Benson and O'Neal's value (note Ic), and a weight 
of one to the value calculated from the back reaction. 

2a. Papic and Laidler [4] have determined the rate 
constant relative to the I-CsH7' recombination con­
stant between 525 and 625 K. From their data, using 
109.6 for the I-CaH1 • recombination constant (see 
recombination sections) we calculate log k::::;: 14.0-

32.6/8. 
2b. Calculated using E back =7.7 kcal/mol and log 

A=8.1 (see addition section). 
2c. Camilleri, Marshal1, and Purnell [3c] have found 

log k=12.1-32.5/8 using kc=10s.6 L mol-1s- 1 for 
n-propyl radical recombination. From· their data, 
using 109

•
6 for the recombination (see earlier section), 

we obtain log k= 12.6-32.5/8. 
2d. Values preferred by Benson and O'Neal [3b]. 
2e. Weighted average giving a weight of 2 to 2c and 

one to the others. 
3. Calculated using E back=2.9 kcal/mol and log 

A=9.9 (see addition section). . 
4a. Papic and' Laidler [4] have determined the rate 

constant relative to the 2-CaH7 . recombination con­
stant between 757 and 625 K. Using 109 •6 for the 
2-CaH7 . recombination constant (see recombination 
section) leads to log k=13.9-38.7/0. 

4b. Calculated using E back =1.2 kcal/mol and log 
A=9.9 (see addition section). 

50.. Morganroth and Calv~rt [5] have determined 
the rate constant relative to the l-C4H9 . recombina­
tion constant between 430-520 K. Using 109 •6 for the 
recombination constant (see recombination section) 
gives log k=13.2-2S.7 /8. 

5b. Calculated using Eback =7.6 kcal/mol and log 
A=7.8. 

5c. Average of 5a and 1 c. 
6. log kback=9.9-2.9jO. 
7 a. Value recalculated from the data of Lin and 

Laidler [61 changing the value of 2-C!Hg . recombina­
tion from Lin and Laidler's assumed va.1ue of log 
k=log A=IO.34 L mol-1s-1 to log k=9.5 L mol-Is-I; 
see recombination section. 

7b.log kback=S.5-7.4/0. 
7c. Average of 7a and lc. 
8.log kback =9.9-1.2/8. 
~L log kba.ch={L7-1-2jfJ­

lOa. log kback=8.5-9.1/0. 
lOb. Slater, Collier and Calvert [7], have measured 

the decomposition constant relative to kc 1/2 where 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 

kc=the recombination constant for the 2-metb 
I-propyl radical. Using kc=109•6 gives a value of 
k=12.0-31/0 (300-600 K.) This A-factor appears 
be quite low compared to the general values of otl 
decomposition reactions although E appe: 
reasonable. 

lOco Average of lOa and Ie. 
11. log kback=IO.6-1.3/8. 
12a. Parameters assumed to be the same as f 

1-C4H g• ---i1> C2Hs·+C2H4• 

12b. log kback=7.8-7.4j(J at 330 K. 
12c. Watkins and Lawson [8] have calculated I( 

A= 14.1 on the basis of a transition state model a 
sumed for activated decomposition. 

12d. Average. 
13. Assumed to be the same as 1-0.H9'~] 

+ 1-C.Hs; back reaction-thermochemical value givel 
14. Log koack=7.6-7.5/B. 
15. Assumed to have the same value as 2-C.Hg·­

H+1-C4H s. 

16. Assumed to have the same value as 2-C4H g·­

H+2-C4H s· 
17 a. Assume parameters are the same as for 2-04H g·­

CHa,+CaH6 except for t\vo-fold rotational symmetr) 
correction for ~St of the 3-C5HU' radical; based OIl 

recalculated experimental value. 
17b. log kb""il<=8.3-7.2/0. 
18. Assume parameters are the same as for 2-C4H9'~ 

H + 2 .. 04HS with a D.S; correction for the two-fold 
rotational symmetry of the 3-CsHll' radical. , 

19. Estimated to be the same as the values for 
2-methyl-1-propyl·~CHa,+C3H6 with a correction 
to ~St for the optical assymetry of the 2-methyl-l­
butyl radical; based on back reaction-thermochemical 
value. 

20. log kback=7.6-9.2/B. 
21. log kback=7.6-6.9/(); based on the experimental 

value of kbaC'k/kc1/'l detennilled by Watkins a.nd O'Deen 
[9], where kc=rate constant .for 2-CaH7' recombinati~n 
and is assigned our preferred value of 109•5 (see re­
combination section). 

22. log kback =7 .8-7 .0/0. Quinn [10] has estimated 
from experimental data that at "-'SOO K log k for 
decomposition has a value of 13.5-22.4/0. This value 
of E appears to be too low relative to the back­
reaction-thermochemical value. 

23. Assume values are the same as for 3-C5Hl1'~ 
CHs·+I-C4H s but correct A8t for loss of two-fold 
rotational symmetry in the 3-06Hlll , radical. 

24. Assume values are the same as for 2-C5Hl1'~ 
C2H5• + CsH6' 

25. Assume values are the same as for 3-methyl-l-
butyl· -72-CaH7• + C2H •. 

26. Assumed to have the same value as for 4-
methyl-2-hexyl· -72-C4HQ' +C~H6' 

27. log kback",S.I-8.0jO; 
28. Assume values are the same as for 2-0JI13'-+ 

CaH7·+CaH6• 
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9. Isomerization 

Arrhenius parameters and rate constants at 700 K 
for isomerization are in table 8. The notation is the 
same as in previous sections. The Arrhenius A factors 
for isomerization are probably accurate to within one 
and a half powers of ten, the activation energies to 
within 2 kcal/mol and the rate constants at 700 K to 
about tvw powers of ten. As the table shows, very few 
experiments have been made. The difficulties are con­
sidenible. The biggest problem js competing reactions. 
Furthermore, activated radicals almost always are in­
volved. In short, isomerizations have the most uncer­
tain rates of elementary reactions in pyrolyses. 
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~ Table S. lIrrhcniJs parameters and rate COl'lstonts at 700 t for isomerization. tn 
tn 

J Q) 

~ 
n 
::r 

~ E. log [1</s -1 J 6S0 (700) .6H 0 (700) <be> (700) 
p (300) 

f 
Reactant Products 10 e [A!s -1] kal 1 lfJ'.ol Sautee :'" Source at 700 K c31/ (mol K) Source keal/pol Source. cal/(mol K) Source 

i 
~ 
< l-CSHU 2-C SIll1 11.0 '. 20 T, 4.R 
~ 
~ 

2-C
S

H
11 l-CSH 11 

11.1 23.4 3. e 0.7 3.4 0.3 

Z l-C
6

H
13 2-C 6H 13 11.0 S. 2a 13.7 S, 2<1 6.7 ~ 

~ 
7.2 T, 2b 8.3 E, 2h t~. 6 
9.4 F, 2c 11.2 F., 2(: 5.9 

; 9.2 Rec., 2d H.I Rec, 2cl 5.7 
CD 
0 

2-C
6

H
13

', l-Cr,P 13 9.3 14.5 n 4. f- 0.7 3.4 0.3 

2-tpethyl-}-pcntyl 2--1Ylethyl-!I-pcn tyl 11.0 ~ . 20 S, 4.8 !:1 
: 

l-C 7H 15 3-C
7
H

15 
9.2 c 11.1 L', 5,7 ,.. 

~ , 
r"" 
r"" 

2-ethyl-l-p~nty 1 4-methyl-2-hexyl 11.0 ~ . ZG cJ, 4.(' ,.. 
:ftI 

3-methyl-l-hexyl !~-meti,y 1-2-hexyl c: 
,.. 

9.2 11.1 S, 4 S.7 ". J> 
3-ethyl-l-pentyl 3-eti~yl-2-i'entyl 11.0 f;,. 3 2( If. R 

Z ". " =a 
4-penten-l-yl cyclopcntyl 11.3 H ~ . 5.7 . ' 

V\ 

2-methyl-1-cyclopentyl -11.3 r. ~1[: (. :.7 :z: 
5-hexen-2-yl " d. 

~ 
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·Notesfor Is'omerization 

-1. ltecently recalculated values [.1] based· on chem­
h~*~_lnctivationstudies of Watkins·121 (433 K). 

; 2n.'fhe A-factor was assumed toO have the same 
"tl-Iucas forl-C5Hu' isomerization and E also was 
{\~t.itnated to be the same as l-C5Hl1' isomerization 
"1X(~(~ptaeoITection of -6.3 kcal/mol was made as­
H\lUllngthat. the pentyl isomerization transition state 
lHlK ring stram similar in energy to the cyclopentane 
tingstrain [3]. 

2b; Watkins and Ostreko(4a] have measured the 
t.emperature . dependence of thehexyl isomerization 
l'olativeto ethyl recombination and ethyl/n-hexyl re­
combmation. Using values ofJ09

•
6 and 109

.
9 L mol-1s-1 

for theselatter constants, respectively, one calculates 
logkIRnm=7.2-8.3/0 (352~05 K). This A-factor ap-

. pears . unreasonably low for a unimolecular reaction 
und the activation energy is slightly lower than that 
for a similar bimolecular abstraction (10.4 kcal/mol, 
preferred value U1 Lhi::s compilation). 

20. Experimental values of Watkins [4b]. 
3. Assumed to be the ~aIileas 1~C5Hll . isomeriza-

ti{)Jl. . 
4. Assumed to be the same as l-C6Hll~ . isomeriza­

·tion. 
5. Values calculat,ed by Watkins and Olsen [5] on the 

basis of amoclel ,yhich gives agreement with reactions 
oFchemically activated ~-pentene-l-'yl radicals. How­
~ver, aJower value of Er-v14 kcal/mol has been esti­
mated'by Walsh [6]. 

6. Estimated to be the same as the isomerization of 
:.the4~pentene-l-yl. radical. 

References for Isomerization 
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l-CaH7 . 
2-CaH 7 • 

CaH5' 

l-C4H9 . 

Glossary of Compounds 

CH2CH2CHs 
CHgCHCHa 

2 i C4H 9 • 

2~methyl-l-propyl 
(i-C4H 9 • ) 

2-methyl-2-propyl 
C4H7 • 

l-C5Hn . 

2-C5Hll·· 
3-C:;Hn . 

,2-m:ethyl-l-butyl 

3-methyl-l-butyl 
2-C6HlS' 

4-methyl-2-hexyl 
2-penten-l-yl 

CH2CHCH2 

CH2CH2CH2CHs 
CH3CHCH2CHg 
CH2CH(CHa)2 

(CHs)aC 
·CHaCHCHCH2 

CH2(CH2)aCHs 

CHaCH(CH2)2CHs 

CHsCH2CHCH2CHa 
CHzCH(CHa) CHzCHs 

. CH2CH2CH (CHs) 2 

CH2CH(CH2)sCHs 
CHaCHCH;CH(CHg)CH2CHa 

CH2CHCHCH2CHs 
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