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Forewerd

The National Standard Reference Data System is a government-wide effort to give to the
technical community of the United States optimum access to the guantitative data of physical
science, critically evaluated and compiled for convenience. This program was established in 1963
by the President’s Ofhice of Science and Technology, acting upon the recommendation of the
Federal Council for Science and Technology. The National Burean of Standards has been assigned
responsibility for administering the effort. The general objective of the System is to coordinate and
integrate existing data evaluation and compilation activities into a systematic, comprehensive
program, supplementing and expanding technical coverage when necessary, establishing and
maintaining standards for the output of the participating groups, and providing mechanisms for
the dissemination of the output as required.

The NSRDS is conducted as a decentralized operation of nation-wide scope with central coordi-
nation by NBS. It comprises a complex of data centers and other activities, carried on in govern-
ment agencies, academic institutions, and nongovernmental laboratories. The independent opera-
tional status of existing critical data projects is maintained and encouraged. Data centers that are
components of the NSRDS produce compilations of critically evaluated data, critical reviews of
the state of guantitative knowledge in specialized areas, and computations of useful functions
derived from standard reference data.

For operational purposes, NSRDBS compilation activities are organized into seven categories
as listed below. The data publications of the NSRDS, which may consist of monographs, loose-leal
sheets, computer tapes, or any other useful product, will be classified as belonging to one or another
of these categories. An additional “General” category of NSRDS publications will include reporis
on detailed classification schemes, lists of compilations considered to be Standard Reference
Daia, status reports, and similar material. Thus, NSRDS publications will appear in the following
eight categories:

Category Title
1 General
2 Nuclear Properties
3 Atomic and Molecular Properties
4 Solid State Properties
5 Thermodynamic and Transport Properties
6 Chemical Kinetics
7 Colloid and Surface Properties
8 Mechanical Properties of Materials

Within the National Bureau of Standards publication program a new series has been estab-
lished, called the National Standard Reference Data Series. The present report, which is in Cate-
gory 6 of the above list, is Number 9 of the new series and is designated NSRDS5-NBS G.

A. V. AsTIN, Director.
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Tables of Bimolecular Gas Reactions

A. ¥. Trotman-Dickenson and €. S. Milne

This survey covers the kinetics of bimclecular and termolecular gas reactions that do not invelve
atoms or molecules in electronically excited states. Bimolecular reactions are here defined as reactions
in which two molecules are involved as reactants, that vield two or more molecules as products. Those
reactions in which two molecules combine to form one molecule are most usefully considered as the
reverse of unimolecular reactions which will be dealt with in another survey. Reactions of oxygen and
nitrogen atorss have been omitted as they will also form the subject of another survey.

The Yterature from 1954 to December 31, 1965 has been exhaustively searched and it is hoped that
for this period nothing has been omitted that should have been included.

The survey of earlier work has been based on one of the writers’ books on “Gas Kinetics” which
covered. the literatare to 1954. Use of the book for over ten years has revealed few omissions and these
have been included in these tables. Data for the period January to August 1966 bas been included
where possible.

Key Words: Chemical kinetics, gas, bimolecular, reactions, tables, rate constants, activation
energies, Arrhenius equation, data.

Preface

This survey covers the kinetics of bimelecular
and termolecular gas reactions that do not involve
atoms or molecules in electronically excited states.
Bimolecular reactions are here defined as reactions
in which two molecules are involved as reactants,
that yield two or more molecules as products. Those
reactions in which two molecules combine to form
sne molecule are most usefully considered as the
reverse of unimolecular reactions which will be
dealt with in another survey. Reactions of oxygen
and nitrogen atoms have been omitted as they will
also form the subject of another survey.

The literature from 1954 to December 31, 1965
has been exhaustively searched and it is hoped that
for this period nothing has been omitted that should
have been included.

The survey of earlier work has been based on one
of the writers” books on “Gas Kinetics” which
covered the literature to 1954. Use of the book for
over ten years has revealed few omissions and these
have been included in these tables. Bata for the
period Janaury to August 1966 has been included
where possible.

Originally it was hoped to make this survey a
critical study from which reliable data could be
distilled. As the work proceeded it became evident
that this was not a realistic goal. Osly 2 small
fraction of the reactions has been the subject of
investigation by several workers. When several
studies have been made the results fall inte two
classes. In the first class are those reactions that
have been repeatedly investigated. It is then usually
found that the discrepancies are greater than the
random errors and that some systematic differences
exist. It is not possible to decide which value is most

nearly correct. In the second class are those reac-
tions that have been investigated under widely
different conditions. In these cases the best result
for one purpose may not be the best for another, so
that no useful choice can be made. We therefore
decided to make the tables as comprehensive as
possible so that users can readily discover what
information is available.

It is likely that some reactions have been omitted
and that other errors have crept in. We shall be
grateful if readers will write to tell us of suggesied
improvements. 1t is hoped to publish supplements
to these tables every two or three years.

Notes on the Tables

All the rate data is In the simple Arrhenius form
k=Ae FBI “4” {actors and rate censtanis are in
cm. ‘mole. sec. units throughout. Activation energies
are in kealfmole and temperatures in degrees centi-
grade.

Where data has been represented by eguations
of the type ‘

Lo B0~ 8IRT -3 1 .}i)

k=BT (n L33
B and H have been cenverted to the simple form
by means of the equations

A éeﬁBT" and E=H + nRT,

where T is the absolute temperature at the mid-
point of the experimental range.



Where the rate equation is reported as a more
complex function of temperature, it has been guoted
as such in the tables.

Most of the data is for simple radical/molecule
metathetical reactions of the type

Rit RoX=R.X+R,

where R, is an atom or radical attacking a molecule
R:X. X is the atom transfered in the reaction.

For each radical B there is a separate table
{see contenis). The first column of each table con-
sists of a list of molecules RX with which R,
reacts. Columns three to five contain the Arrhenius
vaiues and the experimental temperature ranges,

Column six gives an indication of the nature of the

experimental method used to obtain the data.

The following abbreviations have been used in
describing the radical source:

P photolysis.

F.P. flash photolysis

T thermal reaction

S.T. shock tube

D.F. diffusion flame

M.D.F. modified diffusion flame

M.I. wmean life method

Dil. F.  dilute flame ,

M.B.  molecular beam ,

+H = Hg photosensitized addition of H atoms to
olefines.

—H Hg photosensitized removal of H atoms
from saturated compounds.

+€CH;s CHsradical attack on the parent compound.

The other radical source abbreviations used, such
as Ho/discharge and H./O, flame, are self ex-
planatory. '

The table for each attacking species R, is split
into six sections defined by the atom X being
transferred. In the order used in the tables these

are: (i) hydrogen atem transfer
(i5) Buorine atom transfer
(ii1) chlorine atom transfer
(iv) bromine atom transfer
(v) icdine atom transfer
*{vi) oxygen atom transfer

Only in the case of methyl radicals are all six
categories used.

In the few cases not covered by this classification
e.g., transfer of an atom from the radical to the
maolecule as in
either the reaction is written in full, or the products
of the reaction are indicated in a footnote.

A seventh category of reactions not already
covered {e.z., group transfer and inversion reactions)
is included at the end of each table.

Simple ratios of rate constants (of the form ki/k»)
are presented in separate tables, these proved much
more difficult to classify, and wherever necessary,
explanations of the construction of these tables are
included at the head of the table.

Rate data is available in the literature as complex
functions of several rate constants: this data has
not been included, but references as to where it is
available are given at the appropriate sections in
the tables. '

Where data is considered to be doubtful this is
indicated in a footnote. As far as possible, an
attempt has been made to include criticism of data
by cross reference. Thus, where several references
are given for one sel of Arrhenius values, the first
reference contains the values themselves: the other
references indicate the sources of supplementary
data and/or comment on the values shown.

Where a sufficient quantity of data has been
coliected for any one reaction, recommended
Arrhenius values are given. They are compatible
in all cases with the values for the reverse reaction
{where these are known).
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Metathetical Reactions of Hydrogen Atoms With Hydrogen

Heactions Notes E logio A Tempera- Radical source Reference
ture range
{kcal mole~ ") {cm? mole~? sec™ ) °C
H+H, (a} 5.68 13.78 1
(b} 7.5=+1 13.7 16730 2
{d) (e} | 89=x05 14.05 16-730 8
logig &= 15.45—3.49 X 103/T+ 3.84 X 105/77 27-171} Haftungsten spiral i1
{e) (O = 1,18 X 108712 exp (—9.21 X 103/RT) 27-171] Haftunsgien spiral | 12
H-+HD {a) 6.96 13.12 1
H-+HD (a) 7.04 13.06 i
H+D, (a) 7.48 13.32 1
7.30 +0.1 12.64 =0.05 95-195} H,/tungsten spiral 13
D+H, (a) 6.14 13.37 i
3] f=3.63 X 103732 exp (— 9.4 X 10%/RT) 1-195} D,ftungsten spiral 12
D+HD (a) 6.4 12,99 i
D+HD (a) 6.48 12.93 1
D+D, @ | 6.09 13.49 1
Notes 2. Trotman-Dickenson, “Gas Kinetics,” p. 169 et seq. (Butter-

(a) A self-consistent set of values derived from absolute rate

calculations.

{b) Review of literature data (refs. 3 to 6).
(c) Review of hiterature data (refs. 3 to 7).

(d) For a critical summary of the (then) available exp
data, see refs. ¢ and 10.

{e) Recalculation of the data from ref. 11.
(H T is the tunneling factor.
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Metathetical Reactions of Hydrogen Atoms

Reactants Notes E logio 4 Fempera- Radical source Reference
ture range
(kcal mole— 1) (cm® mole~* sec™ 1) °C
HYDROGEN ATOM TRANSFER
. .
o |
Alkanes | :
- I !

CH, (a) ! 7015 130-290 | i
E 6.6 16.5 99-163 H;,/iuhgsk'n filament é 2
; j 45:1.2 1005 £0.2 99-163 | H.ftungster filament § 3

5



Metathetical Reactions of Hydrogen Atoms —Continued

Reactants Notes E logio 4 Tempera- Radical source Reference
ture range
(keal mole™ ) {em® mole™ ! sec™ 1) °f

(a} 9.0 125 130420 4
(a) 8.0 12.6 477547 3
115 14.3 950-1530 | CH,/O, flame 6
15.1 14.53 460486 | H /O, ignitien 7
(b} 11.05 14,18 8
h=2.9 10 616 H,/0, ignition 9
74 +=1.1 11.8 212-530 | H,/discharge 10
8.0 13.9 697-863 | H,0, ignition i1
fw) b} 135 450 D,/discharge 12
{(w) (¢) 7.8 13.0 347-465 | D,CO photolysis 13

(r) 9.6 12,6
CH, (d) 1.5 14
CH, ) 6.6+ 1 13.26 500-625 | H,/O, ignition 15
CH, 6.8 12.53 80-163 | H,/tungsten flament 16
12.0 13.17 410-55¢ | H,0, ignition 17
e} 4=l 14.76 500-625 |H,/0, ignition 15
() 9.0+0.2 24+ 2 H,/discharge 18
2.2 14.52 410-550  {H, /O, ignition 7
i) 99+1.0 1420 =04 251230 19
9.7 %2 14.1 720-11606 | C,H /H /O, flame 105
(g2} h=3.0X 100 630 20
(h 3.0 135 50-250 [, HC H, radiolysis 2}
{f) 9.71 =0.58 14,12 +0.25 311227 22
6.20 136 752-917 | H,/0, ignition 1l
(w) (i) 9.0 14.4 30-306 | D,S/CH, photolysis 23
C.H, {e) [ 12.45 500-625 |H /O, ignitien 15
w} {1 5.0 13.7 25-205 D5+ C H, photoly- 23

sis
C H, 8.5 13.43 410-550 | H, /0, ignition i7
‘ fe) | 83%1 13.56 500-625 | H,/O, ignition 15
8.8 13.80 410-550 | H,/O, ignition 7
(n 7.4 13.7 57-217 € H, radiolysie 24
8.2 14.12 95-17¢ | H/tungsten filament 25
) =453 19" 520 B,/0, ignition 26
) 7.83 £0.79 13.81 £06.37 28-520 26
w) (q) | 8.0 Room temp. | H,/discharge 27
twh iy | 7.2 14.5 30-250 | B,S+ C H, photolysis 23
CH,CH:CHCH, tw) iy | 5.0 14.1 28-230 | D,S + CH, photolysis 23
nCH, () 8.9 Room temp. | H,/discharge 27
) h=5.1% 100 520 H,/0, ignition 2
) 15 +0.5 139+0.2 27-520 28
th) 6.7 13.3 50250 {n—CH,  radiolysis 21
k) 7.1 13.82 70-170 | H /tungsten filament 29
(w) (g) | 7.9 Room temp. | H,/discharge 27
twy iy | 71 14.5 30-250 DS+ CH 23
photolysis

CH,, ) 9.3 H,/discharge 30
6.0 13.47 410-550 | H,/O, ignition 17
te) 5.6=%1 12.89 500-625 | H,/Q, igaition 15
5.1 12.76 410-510 | HL/G, ignition 7
thy 5.1 13.1 50-250  [/-C H  radiolysis 21
) f=9.2xX 104 520 H,/O, tgnitien 28



Metathetical Reactions of Hydrogen Atoms —Continued

Reactants Motes E logo 4 Tempera- Radical source Heference
ture range
{kcal mole~%) {em® mole™ ! sec™ 1) °C
) 6.8 0.5 14.0 =0.2 27-520 28
(wi ) | 63 145 30-350 | DS+ CH, 23
photolysis
-G H,, tg) 8.5 Room temp. | H, /discharge 27
fw) tgh | 7.8 Room temyp. | Dy/discharge 27
neo-C.H tq) 9.2 Room temp. | H, fdischarge 31
n-CH, {q) 9.1 Room temup. | H /discharge 27
ity 5.9 25-305 | 32
w) tgy | 8.0 Room temp. | D, /discharge 27
Cyelo Alkanes
eyclo-C H, (@) 2.5 Room temp. | H,/discharge 27
{w) lg) | 9.3 Room temp. | B /discharge 27
eyclo-C H, {q) 8.2 Room temp. | H,/discharge 27
(w) gy + 7.7 Room temp. | B,/discharge 7
cyclo-CsHag ) 1.5 Room temp. | H /discharge 27
{w) {q) | 6.6 Room temp, | D,/discharge 27
evelo-CH, () 8.0 Room temp. | H,/discharge 27
(w) gy | 7.2 Room temp. | B,/discharge 27
Aromatic hydrocarbon:
. H, () <7 Room temp.| H,/discharge 27
o (w) ()] <6 Room temp.| D,/discharge 27
Aldebydes and ketones
HCHO i) 2.6 13.21 252-397 1 H,CO/D, photolysis 33
(f) 3.49 1346 327-727 34
&) . 3.26 13.29 250400 34
k=27 £0.7) ) 10w 27 H,/discharge 35
k==35X1012 547 HCHO pyrolysis 36
(wi () 2.7 13.21 252-397 | H,CO/D, photelysis 33
DEDO o 3.6 13.21 252-397 {H,CO/D,CO 33
photolysis
w) (m} 3.0 13.3 308-341 | D,CO photolysis 13
(w) () 3.6 13.21 252-397 | H,CO/D,CO 33
photolysis
CHCHO {5} =6 25 H,/discharge 37
CH,COCH, (g} 8.8 Room temp. | H,/discharge 38
wy (@ |80 Room temp. | D,/discharge 38
Metal alkyl
CH HeCH, (q) =6 25 H,/ discharge 166
Halogenated methane
CFH {a) 5.0 12.7 8321611 H,/O, ignition 11




Metathetical Reactions of Hydrogen Atoms —Continued

Reactants Notes E logi 4 Tempera- Radical source Reference
ture range
theal mole %) {cmf"nru:a[e“1 sec™ ) °C
Hydrogen halides
HF {n} 35.0 ¥3.00 35275027 HF shock wave 38
decomposition
B Cl 5.2 134 T 626-798 1 H/HCI thermal 40
reaction
{8) 4.5 41
H Br 2.2 13.79 832-1011 | HL/O, ignition i1
0.9 13.1 548-71%1 | H,/HBr thermal 42
reaction
(o} 3.7 14.04 7001400 43
x) 2.9 13.8
Hi Q.7+0.25 13.70 =0.07 394-527 | H /L, thermal 44
reaction
1.17+0.35 13.8+0.2 394465 | H,/I, thermal 107
reaction
Hydrides of oxygen
and nitrogen
H,0 E=6.620.9x10% 799 H,/0,/N,Oflame 45
{a) 20.4 13.96 37-642 108
(a) 216 14.84 687-807 | H,/G, ignition 46
3] 21.1+1.5 1448 =1.0 27-1727 47
b0 (&) 25.5 15 10121227 109
k=5.0%10° 799 H,/O, flame 48
k=3.6 X 107 799 H,/O, tiame 49
) 6 21.8 13.93 799 H,/O, flame 45
H,0, (a) 18.8 16.39 687-807 | H,G, ignition 46
N,H, 2.0 11.54 25-150 | H,/ discharge 50
LUORINE ATOM TRANSFER
SF, 30+5 15.3 1030-1670 | H,/0, and C,H,/O, 51
flames
CHLORINE ATOM TRANSFER
HCL 09+1.3 22-152 | HCYD, and DCI/H, 52
photolysis
Cl, > 2.1 25-75 H,/CLJO, photolysis 53
>2.9 54
> 1.8 25-100 | H,/CL/O, photolysis 55
>1.6 0-85 H,/CL/0, photolysis 56
< 2.5 57
CCL (s) ~5 2034 Molecular beam 58




Metathetical Reactions of Hydrogen Atoms —Continued

Reactants Notes E logie A Tempera- Radical source Reference
ture range
(kcal mole %) (em?® mole™? sec™?) ¢
BROMINE ATOM TRANSFER
Br, 3.7 14.97 700-1400 43
C¥,Br 17.45 15.64 832-1011 | H,/0, ignition i1
CF Br, 14.5 6.0 855-1013 | H,/0, ignition i1
IODINE ATOM TRANSFER
1, 0.0=05 14.6+0.2 394-465 | H, /i, thermal 107
reaction
OXYGEN ATOM TRANSFER
i

0, k=50 10° 485 H,/0, ignition 60
F=6.7%100 520 H,/0, ignition 60
k=27 IR 526 H,/0O, ignition 61
A==6.6 % 108 520 H, /0, ignition 62
15.1 113.75 H,/0, ignition 63
k=143 X 10" 1380 H,/0, ignition 64
20.0=20 1149 1012-3227 1 H,/0, flame 109
k=1.5 101 827 H,/O, flame 110
(t) 14.9 13.72 H,/O, ignition 65
159 +0.8 13.89 576660 | H,/CO/O, ignition 66
k=6.0%x10° 5490 H,/0, ignition 34

15.0=0.6 13.59 590-660 | C,H /CO/O, ignition 111
16.3 552-1089 Hzloz ignition 67
174 0.7 14.82 0.2 1853-2772 | H,/0, fiame 68
(a) h=1.83 % 10° 20 69

@) £=3.28 % 107 37 7
3] 17.8+1.0 15.08 0.8 27-327 70
) 16.9+1.0 14.86 +0.8 1227-1427 70

189=09 620-1080 | H,/O, ignition 71
156 £0.6 13.66 570-660 | H,/CO/O, ignition 72
[§3] 16.49 +0.70 14.31 +0.28 201377 73

17.0 13.69 999-1923 | C,H,/0, oxidation 7
17.75 156 687-807 | H,/0, ignition 46
h==1.6 X 10 642 H,/0, flame 108

3] 16.50 % 14.34 20-1400 112

0, k={2.4+0.3) x 1012 Room temp. | Diffusion flame 75
h=(1.6=0.3) % 102 Room temp. | H, discharge 76

H,0, () k=(1.9—3.0) > 1gn 447 H,0, ignition 77
(u} k=1.1X10" 500 H,/0, slow reaction 78

N,C 163+2.0 {14.62 990-1510 | H,/N,0/0, flame 116
k=43 100 627 #,/N,0/0, flame 108

k=29 168 1084 H,/N,0/0, flame 108

f=(4.3£15)% 101 627 H,/N,0/0, flame 45

® 13+1.5 1137204 1501487 45

g
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Reactants Notes E logao A Tempera- Radical source Reference
ture range
(keal mele— 1 {em? mole™ ! sec™ 1) ¢
NG, h=3.2 %103 227-267 | H/CLNG, thermal 79
% reaction
L= 29108 25 H,/ discharge 80
E={(29+053 xig: Room temp. | H,/ discharge 76
() h=55x 101 360 H_/O, ignition 81
€O, 33.3 %15.48 944-1072 } H,/O, flame 113
(b 29.7 114.89 1066-1500 8
=84 X108 799 H,/O, flame 49
i
Ratios of Rate Constants (Hydrogen Atoms)
(i) Reactions of the type (1) H-+BH=H,+R where RH is any hydrogen containing compound.
(2 H+OL= OLﬂ where OL is an olefine.
RE OL Notes kifky E.—F, logiwA:/d: | Tempera- Radical source Reference
ture range
{keal mole™?) *C
CH, C,H, 2.6 % 1078 120 CH, H 82
CH, CH, —1.0% 103 24 nCH, -H 83
(i.e.=10)

C,H, CH. 2.5 X 10-5 25 | C,H, radiolysis 84
CH, C,H, 4.5 x 107 24 nCH, H 83
410037 X 1072 25 nCH, -H 85
C.D, D, (6.3%2.3) %1072 25 n-CH,, H 85
CH, CH, 1.9 X167 25 € H, -H 86
15X 1073 24 Clﬂ -H 87
C.H, C.H, 5.2x 107¢ 25 €. H, radiolysis 88
L3CH, | 13CH, 3.2x 1072 24 |naCH, H 83
1-CH, 1-CH, 8.1 x 10" 24 nCH, o -H 83
O H, C,H, 20X 102 24 | aCH, H 83
cisC H,-2 cisC,H-2 6.63 1072 24 wCH, H 83
transC H .21 wansCH,-2 117 x 1o-2 24 aCH, -H 83
nCHy CH, B4 107 25 nCH, H 85
nCH,, €,D, 1.3 10 25 nCH, H 85
-CH, C,H, 8.6x 1673 25 CH, H 86
8.3 21073 2 icH, -H 87




Ratios of Hate Constants Hydrogen Atoms)— Continued

RH 0L Motes feyfhey — s logys A1/42 | Tempera- Radical source Reference
ture range
tkcal mole™) °C
eyclo-CH eyelo-C H, 5.7 102 24 eyelo-C H 89
n-CH, CH, 3.7 X 1g-8 25 4 nCH, B 86
2.2x1073 24§ noCH, -H 7
nCH, CH, v | 245x10° 21 wCH, H 114
FCH, 1C,H, 10.6 X 102 25 {iCH, -H 86
(P HAROR HCH )G —2.5x 142 24 o H o -H 83
U‘?;L CICH, fLe. =0y
n-CH,, CH, 3.7 %1078 25 n-C H, -H 86
neo-C H CH, 1.8x 198 25 i neo-CH, 86
(CH,,CHCH, (CH, LEN D L 25 ¢CH),CHCH,CH, 86
CH,CH, ; CH, h
(CH),CHCH (G H, 210X 3078 25 (CH,),CHCH 86
(CH,, {CH,), -H
H,S  CH, 6.5 30 H,5 photolysis 90
CH,SH  CH, 0.54 +0.12 0.59 50220 CH,SH photolysis 91
(it} Miscellanecus reactions of hydrogen atoms with hydrocarbons and hydrocarbon derivatives.
Reaction Notes E, logiedi/A, kilhs Tempera- Radical source Reference
ture range
thcal mole™'} °C
(1) H+CCLPD=CCL +HD
2y B+ LCI U CL,,D+ HC [ Room temp. | H)/ discharge 92
(1) H+ CCLBr=CCL, +HBr
2y B+ CCLBr=CCLBr+ HCl (.49 Room temp. | H,/ discharge 115
(3y H+ CCLF=CCL + HF
2y H+C (,l }‘ == b{,k?F +H{l Q.071 Room temp. | H,f discharge 115
) B+ CCLBrH=CCLBr +H,
2y H+ CCLBrH 1.7 Room temp, | H,/ discharge 92
= CCIBrH 4+ HOCH
(1) H+ CCLBrH
= ( C i H+HBr
(2) H+CCL, BTH 0.8 Boom temp. | H/ discharge G2
= F( 1BrH + HCl
() H+CH =CH +H,
2y H+C, H = H, +H, 32 25 C H, radiolysis 58
(1) H+{CHCD=CH, +HD
@ ;1 .;.; CH,, (A}) 1.2 25 O H D phetolysis 93
=CHD+H

247-168 O-67—2

i1
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Reaction Notes Ei—E, logied /4 hifhs Tempera- Radical source Reference
ture range
{keal mole™?) °C
) B+ CH),CD=CH,+D,
2) D+ (CH,).CD 1.2 25 i-C H,D photolysis 93
’ =C HD-+HD kS i
I B+iCH,
=CH +H,
2y B+CH, =CH, +H, (z) 5.2 %1072 25 +CH,,-H 94
) H+1CH =CH +H,
2 H+nCH,=CH -+H, 8.8 21 n-CH,,-H 88
() H+iCH,=CH, +H,
@2 BH+CH, =CH, {z} 5.9x10-® 25 -CH -H 94
1) H+nCH, =CH, +H, 5.3 103 25 - CH, -H 94
@ H+CH,=CH,, - 1.3 103 25 n-CH, JI-CH H 94
(1) H+ CH,CH:CHCHO
=CH,CH:CHCO+H,
(2) H+CH,CH:CHCHO 216-350 [ (CH,),CO/ 95
=CH,CH:CH, +HCO CH,CH:CHCHO
‘ ~0.5 photolysis
(iii) Reactions of the type (D H+HX=H, +X
(2 H+ X, =HX +X where X is a halogen
(1) H+HCI=H,+Ci <6.05 25 | H,/CL, photolysis 96
2) H+ClL=HC I+l 1.54 =013 —~0.84=0.1 0-62 | H,/CL, photolysis 97
(1) H+HBr= H,+Br (aa) 0.12 327-1197 | H,/Br, thermal 98
reaction
2) H+Br,=HBr+Br 0.1 162-310 1 H,/Br, photolysis 99
0.12 = 0.009 25-300 | H,/Br, thermal 100
reaction
0.099 1027-1427 | H,/Br, thermal 101
+0.007 reaction
(1) H+-HI=H,+1 6.070 £90.02 394 H /i, thermal 44
reaction
(2) H+L,=HI+1 0.082 5271 H/I, thermal 44
+0.012 reaction
0.06 700 02
(1) D+Di=D,+1
2} D+L=Di+] 0.673 5271 D,/i, thermal 116
reaction
(iv) Miscellaneous Ratios
i)y H+D,=HD+D
2) H+HCl=H,+{ 4+4 22 | HCYDB, photolysis 52
(1) D+HD=D,+H
2) D+DC=D,+(] 65 22| H,/DCI photolysis 52
() D+HCI=HD+{I 0.5=0.4 22 52
(2) D+HCI=DCI+H 5 4 1521 D,/HCI photolysis 52



Ratios of Rate Constants (Hydrogen Atoms)—Continued

Reaction Notes E—FE, log, A4, Feifhes Tempera- Radical source Reference
fure range
{keal mole ) “C
(1} H+D,=HD-+D
(2) H+HBr=H,+Br 0.55 22 | B,/HBr photolysis 52
(1) H+NQ,=NC+0H
{2} H+Cl,=HC+ —3.13 .42 227-267 | H,/CLINO, thermal 79
reaction
4y P+CH,=CH, +HD 1.2X10% 25 | DI photolysis 103
2) D+DI=D,+1 8.7x 103 160 | DI photolysis 103
(1) H+HS5=HS-+H, 0.60 SGE
2y H+0,=HQ0, 0.137 93} H,S pheto-exidation 104
8.171 100
Notes (z) CH,, is a radical fermed in the primary process, probably

{a) Estimated from the reverse reaction.
{b) This value was used by the authors in the region 1000-
1500 °C, but its origin was not stated.
{¢} Measured relative to D+D.CO=D,+DCO for which
fo= 10183 exp (— 3000 RT).
(d) Private communication from Asaba.
{e) Taken from Tikhomirova and Voevodsky, “Chain oxidation
of Hydorcarbons in the Cas Phase” (Russ), Moscow, 1955
(f) Critical survey of literature data.
{g) “A rough estimate.”
(k) Measured relative to H+CH, =CH, for which A= 1015
exp (— 2600/RT).
(i) Measured relative to D+H,=HD+H for which Ai=1(134
exp {(—5000/RT).
() Measured relative to H+ O, = OH + O for which k=5.1X10°
at 520 °C.
" (k) Measured relative to H+CH,=CH, +H, for which
k=101 exp (—8200/RT). ’
(1) Measured relative to D+ Hy=HD + H for which =109
exp (—GOOO/RT).
{m} Measured relative to B+ H, = HD -+ H for which &= 1034
exp {~5400/RT).
(n) Rate constant estimated in computer calculations. £ value
assumed and A factor varied.
{0} Estimated from kinetic data.
{(p) The value of £ was assumed, and 4 calculated from the rate
constant.
{q) A steric factor of 0.1 was assumed.
(1) Calculated from the recommended value for the reverse
reaction.
(s} Steric factor=0.13.
{t) Used at flame temperatures.
(u) Measured relative to H+ O, = OH+ O for which A= 1013
exp {— 16500/RT).
(v) Measured relative to H-+0,+H,= HO,+H, for which
£=5.5X 10" cm® mole? sec™
{w) Reactions with D atoms.
(x} Calculated from the recommended value for the reverse
reaction.
{y) C,H,, refers to the mixture of pentenes formed in the
primary reaction.

13

either CH,CICH)CH, CH, or CH,CE(CH)CHCH,,.
(aa) The author shows that this value is commpatible with his
results in the temperature range shown.
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Metathetical Beactions of Fluorine Aioms

Reactants Netes E iogse 4 Tempera- Hadical source Hefer-
ture range ence
HYDROGEN ATOM TRANSFER
Hydrogen (keal mole~ 1) (em?® mole ! sec™ !y °f
H, {a) 1.71£0.22 14.07 25-1501 CH H/F, P 1, 4
Alkanes
CH, {a) | 1.21=0.80 14.09 ~75-78 | CHJCH/F, T 2,4
C,H, (.28 13.78 —60-20 | standard T 2,4
CH CH,CH, {a) 0.00 £ 6.25 13.52 —60-20 | C,HJCHJF, T 2, 4
CH,CH,CH, (a) 0.00 =0.25 13.10 —60-20 | CHJCHJF, T 2,
CH CH,CH,CH, {a) 0.00 £0.70 13.46 —60-20 | 2-CH /CH/F, T 2, 3.4
CH,CH,CH,CH, (a) .00 £0.65 15.37 —60-20 | n-CH JCHJF, T 1234
(CH),CH {a) 0.00 = 0.70 13.65 —60-26 | a-CH, fi-CH JF, 112, 3,4
(CH,,CH (a) 0.00 £0.80 12.84 —60-20 | n-CH ACH /F, T2 3,4
(CH,LC (8) G.00 +0.80 13.75 —60-20 | -CH, ACH),CF, T Z, 4
Cyelo-Alkane
eyclo-C H, {a} .00 =0.10 13.46 eyelo-C H /C H/F, ™ 2,4
CHLORINE ATOM TRANSFER
CCL, h=2 108 20 CCL/F, T 5
OXYGEN ATOM TRANSFER
0, 2.8 0-20 | F,/0, P 6
Motes
(a) These values are based on the gssumed value k= 101378 exp (— Z80/RT) for the reaction F-+ CH,=C,H +HF.
Beferences 6. Starico, Sicre, and Schumacher, Anales Assoc. Quim.

Argentina 38, 120 (1962).
1. Mercer and Pritchard, }. Phys. Chem. 63, 1468 (1959).

2. Fettis, Knox, and Trotman-Dickenson, J. Chem. Soc. 1064 Reviews

(1960).
3. Anson, Fredricks, and Tedder, }. Chem: Soc. 918 (}959}. 1. Fettis and Knox, “Progress in Reaction Kinetice,” Vol. 2,
4. Fettis and Knox, “Progress in Reaction Kinetics,” Vol. 2, p. 3 (Pergamon Press, N.Y., 1964).

p. 3 (Pergamon Press, N.Y., 1964). o 2. Fettis, Knox, and Trotman-Dickenson, Can. J. Chem. 38,
5. Clark and Tedder, J. Phys. Chem. 68, 2018 (1964). 1643 (1950).
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Metathetical Reactions of Chlorine Atoms

Reactants Notes E logwe 4 Tempera- Radical source Refer
ture range ences
HYDROGEN ATOM TRANSFER
(keal mole™1) {em?® mole™? sec™ %) °C
Hydrogen
H, =59 25-75 | H,/Ci, P i
=5.8 —73-23 | H,/CL, P 2
6.1 +1.0 14.3 0-25 | Cl, discharge 3, 38
£={4.8+0.4) X 11 250 Hszlz!NG T 56
5.9 628-798 | H,/HUI T 4
{a) 548 +0.14 13.92 +£0.03 4-798 7.5
3.48 13.92
HD (b) 5.97 13.83 —33-77 | H/HDICL P 8, 41
HT (b} 6.03 13.79 -38-72 | H/HT/CL, P 9
) 6.28 13.82 - 30-78 HL,/HD/HT;’CEQ £ 41
D, by | 6.6 13.78 6-32 | H,/C0/C, P g, 11, 7
b} 6.70 13.84 30-178 Hi/DﬁlCEZ P 12
(b} 6.61 13.76 —30~7¢ | HD/D,/C], P 41
DT (b} 6.90 13.73 —30-70 | DT/D,/Cl, P 41
T, | 717 15.73 ~36-70 | T,/D,JCh, P 41
Alkanes
CH, (b) | 3.85+0.18 13.42 20-211| CH /H,/C, Pl 13,16
€D, 0 | 576 13.73 31-188{ CH,JCD,/CL, P 12
C,H, b | 1.04+008 13.96 —41-385| CH,/C,H,/CL, Pl 14,15
by | 100 14.08 76-290| CH,JC,H,/C, P 16
C,D, G | 132 13.75 30-160| C,H,/C,D,/CL, P 12
C,H, & | 067 14.28 25-211 | C,H,/C,H,/Cl, P 16
CH,CH,CH, (b) 0.98 14.03 —76-230 | C,H/CH/CL, Pl 14,15
CH,CH,CH, ® | 066 13.87 —70-230| C,H,/C,H/C], Pl 14,15
CH, CH,CH,CH, b 6.77 13.93 —~70-200] C,H/n-CH, JCL, Pl 14,17
CH,CH,CH,CH, b | 025 13.95 —70-200 C,H/n-CH J/CL, P} 14,17
(CH,),CH & | 086 14.29 25-211] CHi-C,H,/Cl, P i6
(CH,),CH b | 080 14.09 —80-106| C,H/i-CH JCL, Pl 14,17
(CH,),CH b | 002 13.24 ~80-106| CH/i-CH /CI, Pl 14,17
(CH,,C by | 090 14.25 ~70-230| C,H/CH,),C/Cl, P 14
b | 0 14.09 25-211{ CH/(CH,),C/CL, P 16
Cyclo-alkanes
eyelo-C H, (b} 4.12 13.78 202601 C,H feyelo- 14
C?i ‘G;CEQ P



Metathetical Reactions of Chiorine Atoms — Continned

Reactants Notes E loge 4 Tempera- Radical source Refer
ture range ences
{heal mole™ ) {em3 mole~t sec—?) °L
eyelo-C H, (b} 0.80 14.43 —30-105 [T H/eyelo 14
Y e o
C R/ P
eyelo-CH,, b | 058 14.47 25-211 16

Halogenated alkanes

CHCI

CHCI,

€DCl,

C,H.Cl
CH,CICH,
C,H,ClL

CHCLCHC,

CHC,

CH,CH,CH,CH,F
CH,CH,CH,CHF
CH,CH,CH,CH,F
CH,CH,CH,CH,F
CH,CH,CH,CH,CI
CH,CH,CH,CH,Cl
CH,CH,CH,CH,CI
CH,CH,CH,CH,CI

CF,CH,CH,CH,CH

3

CF,CH,CH,CH,CH,

{c}

)
()

(b)

3.12
6.5

3.35
3.33

4.06 £0.2
4.79

1.56 0.2
3.0

6.77 = 0.10
0.62 =0.15

(0.37 =4.10)

8.22 £0.16
077
2.0

0.6

13.0

(13.3)

13.1

13.4

25211
6-300

85180

0300

116-216

0-366

140210

—~ 20—186
109-203

25-211

110-210

0-230

35~146

35~146

35~146

0-230

0-230

CH_JCH CI/CL,

CH, Clfvarious
RH/CL P

C, QL /CH, G,

HICL P
€,C1JCH,CLIC,

CH /CHCL/CL,
C,CLJCHEL/CL,

CHCL/CDCLJC),
CHCL/CDCLCH,

C,HJCH,.CHC,

CHFICL
CH I,
CHFICL
CHCIC,
CH,CYC,
CH,CHC,
C 1,010,
CF,C 1, iCL

CHF.C H JCL

Y

LA~ s B v

ooy W oo =B s

o

18,

16, 20,

you
»

. 26, :

28,

. 20, 2

. 26,

26,

26, .

16
18

28
18

28
27
21

22
12

16

23

23



Metathetical Reactions of Chlorine Atoms — Continued

References

Reactants Notes £ logee 4 Tempera- Radical source
e range
{theal mole~1) {cm?® mole~1 sec—1) °C
CFCH,CH,CH,CH, | (© | ©3 (13.3) 0-230 [ CF,CHJCI, P 25
CF . CH,CH,CH,CH, (e} 8.5 12.8 0-230 § CF,C,H,/C], P 25
Hydrogen Halide
HCl 6.57 +0.49 39-150 | HCL/BD,JCL, P 39
CHLORINE ATOM TRANSFER
Halogenated alkanes
CH.C @ 250 140 23, 30
CH,CY, ® (@ | 214 14.0 23, 30
CHCL, ) {g) 21.0 4.0 23, 30
ca, O | 189 14.3 23
(h 20.0 14.0 28
C,HC ® | 215 14.3 23, 30
CH,CICH,Cl 6 21.3 14.3 23, 30
CHCLCH,Cl ® | 206 14.3 23, 30
CHCLCHCY, 6] 20.4 14.3 23, 30
CHCLCCY, hy | 190 14.5 28
® 8.3 114.3 23, 30
f 179+1.9 13.8+05 31
C, L o | 195 14.4 23
(hy 18.0 135 28
Halogens and psendo-
halogens
Br(l (h} 1.1+04 12.3 20-60 32
1 4.5 117 3060 ICH P 33, 35
CNCI 34 14 1727-2527 {CICN S.T. 34
Carbonyls, etc.,
coal 0.83 146 25-55 [Co/Cl, P 36
€00l {h) 19.9 1144 25~55 28
{a} 23.5 14.5 15-450 43

19
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Metathetical Reactions of Chlorine Atoms — Continued

Reactants Notes E logio 4 Tempera- Radical source References
ture range
{kcal mole™?) {em?® mole~? sec—1) °C

NOCE 1.06 13.06 25~55 COMNOCHCE, P 35

CLO k>4 X100 CLo F.p. 40
BROMINE ATOM TRANSFER

Br, t=(2.30.6) X 167 20 Br,/Cl, P 32
OXYGEN ATOM TRANSFER

N,0 335 14.11 654~758 | N,O/CI, T 37

MISCELLANEOUS REACTIONS
O A= Nall F=1.5x10% ~ 300 Na/Cl, DF. 42
Neotes

(a) Critical survey of literature data.

(b) Estimated assuming k=109 exp (—5480/RT) for the
reaction Hy, -+ Cl=HCI+H.

{c) Activation energies are pletted to be in agreement with
values found by Knox (ref. 18), The 4 factors are then adjusted
to give the most consistent set of values {or the rate constants.

(d) Calculated assuming k=10125%¢ exp (—3350/RT) for the
reaction CHCL + Cl= CClL + HCL
_ {e) The values at the 8 or y positions (bracketed) are assumed
the same as for the 2 position in n-butane (ref. 14). The other

values are calculated relative to this. These results must be
considered very approxXimate.

{f) Estimated from thermodynamic data.

(g) A factor is assumed to be 10,

(h) Calculated from the reverse reaction.

(i) Estimated assuming A= 1084 exp (—3850/RT) for the
reaction CH,+ Cl=CH; + HCL

() Estimated sssuming k=10%% exp (—1040/RT) for the
reaction O H 4+ Cl=C,H, +HCL
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Metathetical Reactions of Bromine Atoms

Reactants Notes . £ logied Tempera»% Radical source Refer-
‘tare rangg ences
HYDROGEN ATOM TRANSFER
Hydrogen {keal mole— ) {cm® mole™* sec™) °C ;
H, 19.4+6.2 14.36 227-302 | H/Br, T 1,2
i8.6+0.6 13.93 277-327 | H,/Br, T 3,2
176 13.86 200-300 | H,/Br, P 4
(8) 19.8 13.36 700-1400 6
k=(0.89 and 1.03) X 104 1123 H/Br, T 7
k=(0.91 and 0.79) X 10" 1168 H/Br, T 7
(b} 178 13.7 18
18.3 14.03 327-1197 | H,/Br, T 8
19.2+18 14.25 1027-1427 { H,/Br, T 2
(b) 19.7+0.4 1443 +3.14 2271427 ' 9
19.37 14.24 832-1011 | H,/O,/CF Br ignition 32
19.7 14.43
HD @ 20.3 14.37 168-350 | HD/H,/Br, TP 34
HT ® 20.4 14.34 168-350 § HI/H,/B:, T,°P 34
D, 20.2 14.89 277-377 | HyBr, T 3,2
204 +1.0 14.08 1027-1427 | H,/Br, T ‘ 2
G4y 21.0 14.31 168-350 | H,/D,/Br TP 34
(b) 21.4+04 14.29 2771427 9
21.4 14.29
Alkanes
CH, 18.2+05 13.8 150-210 | CH/Br, P j 10
(c} (&) }183 14.0 204-341 | CH /CH,CYBr, T, P 11
17.3 13.15 150-300 22
18.2 13.8
C,H, 13.6 £0.5 3590 | C,H/Br, P 13
@ 13401 13.90 +0.04 59-199 | C,H/CH,Br/Br, T 11, 14
© {123 13.29 25-121 | CH,CHF,/C,H,/ 15
- Br, T
CH, @  11615+0.14 13.71 £0.07 13-145 | CHJCH/Br, T 11, 14
n-CH, @  |1023+x023 13.22+0.14 —698 | nCH fiCH,/ 11, 14, 20
Br, T
i-CH,, {d) 7.51 +6.20 13.30 £0.11 34-148 {iCH JCH/Br T 11, 14, 20
(|17 17.6 5095 |iCHyBr, P 16, 17
neo-C.H,, @ |1420+013 14.24 +0.06 57-200 | neoC,H,,/C,H/Br, T 11
) 182 17.0 98-152' | neo-C,H,/Br, P 19,17
Arcematic hydro-
carbon
CH,CH, (n) 7.6 135 82-132 | CH,CH/Br, P 21, 25,17
Halogenated alkanes
CHF (e) 14.8 12.86 150-300 | CH/CHF/B:, P 12
CH,F, {e) 153 12.52 150-300 | CH/CHF,Br, P 12
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Metathetical Reactions of Bromine Atoms —Continued

Reactants Notes E logied Tempera. Radical source Refer.
ture range ences
(keal mole?) {em® mole™? sec™) °C

CHF, (e} 211 12.28 156-300 | CHF /CFH/Br, P 12
23.9 13.46 361431 | CFH/Br; ~ 71 22

CHC 14.45 £0.16 13.62 £0.06 59-200 | CH,CYC,H/Br, T, P 11
CHC, 9.3 12.36 147-182 §CHCL/Br, T 23,17
10. CHCL/B:, P 24

CH,Br 16.05 13.7 150230 {CH,Br/Br, P 16, 11, 14
CHCHF {e) 10.3 12.38 39-121 [CHJCHF/Br, P 15
CH,CHEF, (&) 13.3 12.52 96-23¢ | CH/C,HF,/Br, P 15
CH,CF, te) 22.2 13.18 243-379 | CF,H/CH.CF/Br, P 15
CF,CHF {e) 18.2 12.73 130-322 | CH,F,/CF,CH,F/ i5
CFHCF,H (&) 18.1 1275 118-283 cz%zzcgczigw 15

.
CF.CFH (e} 18.0 12:26 156-300 | CH,JC,F.H/Bx, 12
CF,CF,CF,H 17.8 12.08 146-286 | CH/CFH/Br, T | 15
CH,CH,CR,CHF o 116 13.2 62-185 | CH,CH,CH,CH,F/ 2
CH,CH,CH,CH,F ) 1.5 121 62-185 (:iijéﬁzcgﬁwg‘; 26
CH.CH,CH,CHF H (10.2) (13.6) 62-185 céféazcgzmgw 26
CH CH,CH,CHF 3] 13.0 13.0 62185 C’i?jéﬂz(}gg(lﬁzf'i 26
CF,CHCHCHCH,) @ O | 110 13.2 0-230 (3F%ZZH2C§2CH2CH3[ 26
CF,CH,CH,CH,CH] ¢ 16.2) {13.6) 0-230 ngzgcg?cmcas; 26
CFCHCH,CHCH] © 13.0 13.1 0-230 c%ffmcggcﬂz,cw 26
Ty
Aleohols
CEL,OH 6.3 11.65 76-135 | CH,OH/By, P 27
CH,CH,08 26+2.0 70150 | C,H,OH/Br, p 28
CHLORINE ATOM TRANSFER
Cl, 6.9 6.4 12,65 £0.2 2060 | BryCl,  F 23
BROMINE ATOM TRANSFER
Alkyl hatides

CH Br 22.9 - 13.7 150-297 { CHyBr, P, T 16, 17
CH,Br, 4.0 18,17
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Metathetical Reactions of Bromine Atoms—Continued

Reactants Notes E logiod Tempera- Radical source Refer-
ture range ences
(kcal mole™) {cm® mole™* sec™%) °C
CCLBr 10.3 13.91 146-183 | CCLBy/Br, T 30
Hydrogen halide
HBr (a} 43.8 14.4 7001400 6
41.7 13.9 25302 | H,/Br, T 33, 17
Halogen
Brl k=(3.1+0.8)x1¢? 20 Br,/Cl, P 29
OXYGEN ATOM TRANSFER
N,O 37 4.3 603-700 | N,O/Br, T 31
MISCELLANEQUS REACTIONS
Br+ Na,=NaBr
NG k=1.5% 103 ~ 300 Br,/Na  DF. 35

Notes

(a) Estimated from a general review of kinetic data.

(b} Critical survey of literature data.

{c} These values are less reliable than those given for other
compounds, by the same authors.

(d) All values are related to Br+CH, Br=CH,Br+HBr as
standard, for which A= 10¥7 exp (— 16050/RT).

{e) Measured relative to CH,+Br=CH,+HBr for which
k=103 exp (—17300/RT). This is a recalculation of data from
ref. 10. To compare these values with the others, £ should be
increased by 1 kecal/mole and log 4 by 0.65 units.

{f) The values at the 8 or y positions (bracketed) are assumed
the same as for the 2 position in n-butane (ref. 11). The other
values are calculated relative to this. These values must be con-
sidered very approximate.

{g) Very small quantities of CF,CHBrCH,CHCH, were
formed, but not in sufficient quantities for the Arrhenius factors
to be estimated.

(k) These values are believed to be in error (ref, 17)

) Measured relative to Br + H, = H -+ HBr, for which k=101
exp (— 19, 700/RT).
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Metathetical Reactions of lodine Atoms

Reactants Notes E fogaed Tempera- Radical source Refer-
ture range ences
HYDROGEN ATOM TRANSFER
Hydrogen (keal mole™) {em® mole sec™) °C
33.9+£03 14.32 +0.11 105-360 {HL, T 1
335202 14.20 £ 0.07 394-527 JHE, T 2
=46 108 760 Hland Hyi, T 3,4
D, 345203 14.06 £0.10 394527 1Dy, T 5
Alkanes
CH, (a) 335 14.70 260-316 6,7
34.1 14.70 260-316 | CH I, T 7
35.0+1.1 14.95 275-345 | CH/L, T 8
CH, 27.9 14.22 263-303 | CHIHI T 9
C,H, 255+1 14.53 =6.36 307-340 L CH/L, T 16
CH,CH,CH, 25.0 14.22 307340 CHA, T 10
i-CH, 214 +0.5 13.88 £0.15 252-316 | CH I, T 11
Alkenes
CH,:CHCH, 18.64 +9.32 13.25 +0.14 208-300 | CH,.CHCHf, T 22
1-CH,:CHCH,CH, 13.2+0.4 12.83 £0.15 204-253 | CH,:CHCH,CH,/ 12
I, T
Aromatic hydro-
carbon
C,H,CH, £=4.8% 107 501 CHIUCHCH, T 13
Aldehyde
CH,CHO 15.7 13.3 222-268 | CHCOyHI T 14
Alechel
(CH,),CHEOH 20.5 14.07 207-300 | (CH),CHOH/L, 7T 23
IODINE ATOM TRANSFER
Alkyl halides
CHJI 19.8 14.3 270-320 | CHYEL T 15, 16
=205 (h=1.60 % 10% 280 CHIHI T 17, 16
20.5 £0.5 14.4 0.2 260-316 | CHI/HI T 6
19.2 13.71 CHuBL T 18
CFI 17.60 13.8 167485 | cFyHT T 18
C,H.1 16.7 13.62 250-300 | C,HYHE T 15, 16
>18.2 (h=6.8% 109 260 cHyHE T 17, 16
171207 [14.01 £6.28 263-303 | C,H.yHE T 9
n-C,H. I =185 (=12.9 % 10%) 290 ACHIYHL T 17, 16
ICH,CH,CH,I 195 14.6 19
{CHY,CI 13.6+0.7 13.7204 252-310 | (CH),CH/, T 11

25




Reactions of Bodium Atoms
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Metathetieal Resctions of Sodinm Atoms

Heactants Notes Iogio & Tempera- Radical source References
ture range
LUORINE ATOM TRAN
Halogenated alkanes tem® mole*! sec™? °C
CF, by (e 6.5 log (4y)if2 313 D.F. 4
(e} 5.0 log (hpi2 316 DF 5
CFH, b} {c) 6.1 log (ko2 213 DF 4
CrH By (d) 6.2 log the)? 313 D 4
CF, (b} 13.83 313 BF. 4
13.97 310 nF. 5
CFH, > 25 < 8.7 240 HA 1,6
~ 185 7.3 247 2,3
CH,F, 14.0 8.8 247 2,3
CHF, 4.9 8.8 247 2.3
CF, 12.6 9.4 247 2,38
cyclo-CF, 7.3 11.7 247 2,3
cyelo-CF, CF, 6.7 12.0 247 2,3
Alkenes
CQF_S 8.8 11.0 247 2,3
Aecids and acid halides
CrF.CO0H 4.0 13.0 247 2,3
CF,COF 7.6 L5 247 2,3
Halogenated arematics
CHF <87 247 i9
Miscellanecons
SF, 3.3 13.3 247 2,3
CHLORINE ATOM TRANSFER
Halogenated atkanes
CHCI 7.5 167 240 DF. 1,6
10.9 270 7
11.8 325 M.DF. 3
i3 9.8 133 313 D.F. 2
8.2 DF 19
118 220 M.L. i1
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Metathetical Reactions of Sodium Atoms — Continued

Reactants Notes @ g logio & Tempera- Radical source References

ture range

theal mole™ %) (cm® mole™ ! sec™ 1) L

CH,CL, 1175 275 DF 1,6
12.4 270 7
11.8 250 D.F. 12
CHCL 12.7 275 D.F 1,6
13.5 270 7
13.0 250 D.F 12
CCl, 13.3 275 D.F. 1,6
14.5 270 7
14.0 250 DF. 12
@ 0 | 84 12.17 310 M.D.F. 13
14.35 247 DF 14
CH,FCI & 6 10.3 10.97 313 D.F g
CHF,Cl 10.0 247 3
@ & | 180 15.6 313 D.F. g
CFCl 10.7 247 3
9.2 1.3 313 DF. g
3] 7.4 275-315 | D.F. 15
(o 10.2 10.9 310 M.D.F. 13
CF €L, @@ | 901095 115 to 11.7 310 M.D.F. 13
CFCL, {g) (O 8.7 10 9.2 118w 1l9 310 M.D.F. 13
C,H.CI 10.9 275 D.F. 6,1
10.2 260—-380 | D.F. 16,17
7.8 262-391 | D.F. 10
CH,CICH, ! 1.8 275 D.F. 6
{a) 7.0 12.¢ 285 D.F. i8
CH,CHCL 11.9 215 DF. 6
CH,CCL 13.6 247 D.F. 14
CH,CH,CH,CI @ |91 11 275 D.F. 6
{a) 9.0 11.6 261 D.F. 18
10.7 267 D.F. i9
CH,CHCICH, 11.2 275 DF. 6
CH,CICH,CH,CI 11.7 275 D.F. 6
CH,CHCICH,CI 12,0 275 DF. 6
CH,CH,CHCY, 12.2 275 D.F. 6
(CH,),CCl, 12.4 215 D.F. 6
12.6 247 D.F. 14
CH,CH,CH,CH,CI 11.2 275 D.F. 6
CH,CH,CHCICH, 114 275 DF. 6




Metathetical Reactions of Sodinm Atoms —Continued

Reactants Notes @ F logsg 4 Tempera- Radical source References
ture range
{heal mole™?) {em? mole ! sec™ 1} °C
(CH,,CHCH,O 11.2 275 DF. 6
(CH,),CCH 115 275 DF. 6
114 247 D.F. 14
CH,CH,CH,CH, 114 275 D.F. 6
CH,Cl
{CH,),CHCH,CH, (] 11.4 275 D.F. 6
(CH,),CCICH,CH, 119 275 D.F. )
Alkenes
CH,:CHCI 16.7 215 | DF. 6
wans-CHCLCHCE 11.3 275 D.F. 6
cis-CHCLCHCY 11.4 275 D.F. 6
CH,:CHCH,Cl 12.3 275 D.F. &
125 260 D.F. i8
CH,:CCICH, 110 275 D.F. 6
CH,CH:CHCI 13.0 275 D.F. 18
CH,CH:CHCH,CI 13.9 275 D.F. 18
Aromatic ehlorides
and their derivatives
CH,C 9.4 247 D.F. 19
11.2 244 M.L. 25
11.8 270 D.F. 1
CH,CH,C 14.7 275 D.F. 6
13.7 284 D.F. 18
CH.CH,CH,Cl 13.4 285 D.F. 18
o-FCH (I 18.3 247 D.F. 19
m-FCH,Cl 9.8 247 DF. 19
pFCHCI 9.1 247 D.F. 19
o-CICH,Cl 1.2 247 D.F. 19
0-CH,00CCH,C 13.4 247 DF. 19
2:Cl-pyridine ’ 12.7 247 D.F. 1o
3:Cl-pyridine 10.0 247 D.F. 19
Cyanides
CNCH, (1 13.9 285 DF. 18
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Metathetical Heactions of Sodium Atoms — Continued

Reactants Motes @ E foga Tempera- Radical source References
ture range

(heal mole™ 1) tem? mole~ ! see™ ) °«
CNCH,CH,G 11.8 285 DF 18

Acids, acid chlorides,
esters, ete,

CH,CICOOH i3.3 247 3

CH,CO 12.7 275 DF 6,
13.4 247 B, 3,2
o D.F 16
CH,COC 14.7 240 DF. 1

CICOOC,H, 116 247 D.F. 3,2
CH,CICO0C,H, 13.2 247 DF. 3,2

CICH,CH,OH 17 285 D.F. 18

CH,COCH,CI 13.7 275 DF 6
14.0 247 DF 2

CH,OCH,CE 1.3 247 3,2

Polyhalides

BCL 117 270 DF. 7
Sicl, 1.6 270 DF. 7

118 247 D.F. 14
CH_ 3l 9.8 247 B.F 14
(CH,,51CL 9.3 247 D.F. 14
(CH,),SiC1 94 247 DF. 14
pC, 4.2 276 DF 7
TiCl, 14.0 270 DF 7
Gelll, 14.7 276 B.F. 7
4sCL 14.2 270 DF. 7
$nCl, 145 276 DF. 7
SCI, 14.8 276 D.F. 7
5,CL 14.2 270 D.F. 7

Sxychiorides

)]
-}

Cri,Ch, 14.1 276 D.F.

-3

POCY 14.4 270 DF.



Metathetical Beactions

of Sodivm Atoms -~ Continued

Reactants Notes 3 5 foge b Tempera- Radical source References
ture range
{heal mole~ 1) {em® mole™1 sec™ 1) K
Halogens and psends-
halogens
c, 14.6 DIL F. 20
CNCL 14.0 285 FERON 18
5 258 BD.F. 1
Hydrogen halide
HCL 12.4 327 DL F. 21, 20
BROMINE ATOM TRANSFER
izlogenated alkanes
CH,Br i3.3 240 DF. 1,6
i2.8 279 7
126 255 D.F. iz
12.2 200 M.L. 11
i2.8 242 M.L. 11
thy 134 o
CH,Br, 13.6 255 DF. 12
13.5 255 M.L. iz
CHBr, 14.6 255 D.F. 12
13.9 255 M.L. 12
CFBr, 14.3 255 D.F. 12
CF, Br {a) 123 285 D.F, 15
CHFBr, 137 255 M.L. 12
CH,CIBr 133 255 DF. 12
133 255 M.L. ] 12
CHCIB, 1 255 DF. 12
137 255 M.L. 12
CHCLBr 14.0 255 DF. 12
13.6 255 M. 12
CCLBr 14.5 255 DF. 12
14.9 255 M.L. 12
C,H Br 12.8 246 D.F. i
12.4 247 D.F. 19
12.7 263 D.F. 18




Metathetical Reactions of Sodium Atoms — Continued

Reactants Notes | [EV logo & Tempera- Radical source References
ture range
{keal mole™ ) {cm® mole~1 sec ') | °f
CH,BrCH,Br 13.3 247 3
cyclo-C H Br 12.0 247 D.F. 22
eyclo-C,H Br 12.6 247 D.F. 22
eyclo-C H Br 13.1 247 D.F. 22
CH,CH,CH,CH, 12.8 247 D.F. 22
CH,Br
cyelo-CH, Br 12.7 23
2.7 247 DF. 22
Alkenes

CH,:CHBr 12.4 269 D.F. 18
11.2 247 D.F. 22

CH.CH:CHBr 13.1 270 D.F. 18
CH CH:CHCH,Br 14.6 285 D.F. 18

Arematic bromides
and their derivatives

CH.Br 12.3 255 M.L. 24
11.4 247 D.F. 19

13.2 244 M.L. 25

13.4 260 D.F. 1

12.1 247 D.F. 14

o-CIC H Br 12.6 247 D.F. 19
m-CICH Br 119 247 D.F. 19
p-CICH Br 116 247 D.F. 19
o-BrC H Br 13.4 247 D.F. 19
o-CNC H Br 13.3 247 ‘ D.E. 19
m-CNC ], Br 12.6 247 D.F. 19
p-CNC.H Br 12.8 247 D.F. 19
o-HOC H Br 12.2 247 BF. 19
m-HOC B Br 11.8 247 DF. 19
o-CH,C.H Br 1.5 247 DF. 19
m-CH,C,H Br 112 : 247 D.F. 19



Metathetical Reactions of Sodium Atoms —Continued

Reactants Notes & F loge & Tempera- Radical source References
ture range
(kocal mole—1) {em? mole™? sec™ 1) ¢
p-CH,C H Br 113 247 D.F. 19
0-CH,OCH Br 11.8 247 D.F. 19
p-CH,0C H Br 11.6 247 DF. 19
0-CH,00CH Br 13.8 247 D.F. 19
m-CH,00C H Br 12.6 247 D.F. 19
p-CH,00CH Br 12.6 247 D.F 19
a-Bromonaph- 12.7 247 3
thalene
B-Bromonaph- 12.1 247 3
thalene
2:Br-pyridine & 13.3 247 D.F. 19
3:Br-pyridine 11.9 247 D.F. 19
CH,CH,CH,Br 13.6 280 D.F. 18
Aeid bromide
CH,COBr 13.9 300 D.F. 1
Halegens and pseudo-
halogens
CNBr 14.1 273 D.F. 18
Hydrogen halide
HBr 13.8 327 Dil. F. 21, 20
IODINE ATOM TRANSFER
Halogenated alkanes
CH,J 14.7 240 D.F. 6
14.5 240 M.L 11
13.7 250 ML 1
13.6 255 D.F. 12
13.6 277 D.F. 23
g D.F. 16
CF 1 14.0 247 3
1.7 285-295 | D.F. 15
C 1 14.0 240-270 | D.F. 1
14.3 276 DF. i8
CH,CH,CH,I 13.4 246 D.F. H
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Metathetical Beactions of Sodium Atoms —Continued

Reactants Notes @ E logwe b Tempera- Radical cource | Heferences
ture range
theal mole~ %y (en® mole™t sec™ 1) °L
Alkenes
CH,:CH} 13.4 263 DF. 18
Aromatic jodides
C I 14.7 240 DF. 1
‘ 14.3 244 M.L. 25
Halogens
i, 14.8 Dil. FL 20
Hydrogen halide
Hi 14.7 327 Dil. F. 23, 21
CYANIDE CROUP TRANSFER
CH,CN <66 247 3
CHCH,CN 98 247 3
CH(CN)COOCH, 116 247 3
Notes §. Reed and Rabinovitch, J. Phys. Chem. 61, 598 (1957).

{a) The activation energies £ are calculated from the formula
k=107 exp (— E/RT.

{b) These values are lower limits.

(¢} % is the rate contant for the combination reaction ZCFH,
== CZF QH,;.

(d) ke is the rate constant for the combination reaction 9CF,H
== C,;F 4H2.

(e} ky is the rate constant for the combination resction 3CF,
=C,F,.

(f} Caloulated assuming a steric factor of unity.

{g) These values refer to the rate constants for the primary
process.

(1) Estimated from a critieal survey of literature data.
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Metathetical Beactions of Potassium Atoms

Reactanis Notes E logw & Tempera- Radical source Reference
fure range
CHLORINE ATOM TRANSFER
{keal mole)* {cm3 mole™? sec™ 1) °C
HCH 14.9 327 Dil F. 1,2
c, )
BROMINE ATOM TRANSFER
HBr 14.6 327 miF, 1.2
{a} 3.4 M.B. 3
Br, (b)
IODINE ATOM TRANSFER
HI 15.3 327 Dil F. 1,2
CHI (a) < 0.3 M.B. 5
Notes
{a} These guantities cannot be identified with normal Arrhenius factors,
(b} See reference 4.
Ratios of Rate Constants (Potassium Atoms)
The table refers to ratios of rate constants for reactions of the following types:
K+RX=KX+R, nH
K+RX=KX+R, 2)
where X is any halogen atom.
R.X R.X Notes E,—E; Azl kaolks Temperature range Radical | Reference
source
{keal mole=1} °C
CH,Cl | CHC 04009 | 083+0.10 217-333 DF. 6
CH, G CH,COCL 360 285 D.F. 6
CHCH | (CHy,CHA ~013+0.14 |2.18%6.25 238-325 D.F.
CHCE (CH,,CO 2.27 (.55 0.78 0.4 229~-275 - D.F. 7
CH,Br C,H.Cl 4.4 9.52 230316 D.F. 6
CH,Br CH,COCI 1.4 3.5 229-318 D.F. 6
Chi C R, 38 255 D.F. &
CH CH,COC ) 7.5 238322 D.F. 6
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Metathetical Reactions of Methyne Radicals

Reaction Notes E logie 4 Tempera- Radical source Reference
fire range
{kcal mole— %) (cm? mole~t sec™?) °C
CH + NH,=HCN E>6x 101 noindication| C,H,/NH, flames 1
+H,+H
Reference

(1} Safrany, Reeves, and Harteck, J. Am. Chem. Soc. 86, 3160 (1964).


lpaek


Ratios of Bate Constants (Methylene Radicals)

Beactions Notes E,—E, log,,A:/4> by fiey Tempera- Radical source Refer-
ture range ‘ence
{keal mole™) °C
(1) CH,+CH,CO=CH,+C0 | @ 2.3 69 1
2) CH,+CO=CH,CO (b) 1.25 416 | CHCOMCO P 1
(i) CH,+CH,CO=CH, +CO
2 CH,+CH, =CH, 4.8 28-81 | CH,CC/0, P 2
() CH,+CH,CO=CH, +C0O
@ CH,+CH, =CH, {c} 0.9+0.1 no indication| CH,CO/C,H, F.P. 3
(1) CH,+CH,CO=CH, +CO
2 CH,+H,=CH,+H —0.8 —40-99 | CH,CO/H, P 4, 5,7
(1) CH,+CH,CO=CH, +CD
2) CH,+CDh,=CH,D,+CD, -0.9 0.15 27-298 | CH,CO/CD, P 6,7
Notes 2. Holroyd and Noves, J. Am. Chem. Soc. 78, 4831 (1956).
3. Terao, Sakai, and Shida, J. Am. Chem. Soc. 85, 3619 (1963).

{(a) and (b) represent two methods of estimating ki/ky: the dis- 4. Gesser and Steacie, Can. J. Chem. 34, 113 (1956).
crepancy lies outside the experimental error. 5. Chanmugam and Burton, Can. J. Chem. 34, 1021 (1956).

(c) k, represents the sum of the rate constants for the reac- 6. Chanmugam and Burton, . Am. Chem. Soc. 78, 509 (1956).

tions CH,~+CH,=HC:CCH, and CH,+C,H,=H,C:C:CH,.

References

1. Wilson and Kistiakowsky, J. Am. Chem. Soc. 80, 2934
(1958).
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Metathetical Reactions of Methyl Radicals

Heactants Motes E log A4 Tempera- Radical source Refer-
fure range SRCes
HYDROGEN ATOM TRANSFER
Hydrogen {kcal mole™) {em?® mole™? sec™) L
H, () 100 +0.5 115 130-290 | CH,COCH, P 1, 2,3
9.9 +0.5 117 25-25¢ [He(CH,), T 4,3
13+2 13.4 50-250 | CdiCH,), P 5
(a) 13.2+1.0 12.5 136-318 | CH,COCH, P 6
16.2+0.5 11.52 99-267 [CH,CO P 7
(b} 12.85 12.75 E
k=41 108 507 CH,OCH, T 9
10.2 12.50 697-863 {H,/O, ignition 10
) 10.2+0.2 1n7 130-290 | CB,COCB, P i, 2
v 113 12.0 150-300 | CB,COCD, P 3
10.0 115
D 10.0 111 140-296 (CH,COCH, P 3
v} 10.7 11.4 137-298 { CD,COCDH, P 3
HE 1L5 115 135-296 | CH,COCH, P 3
v 10.7 11.2 137-299 | CD,COCD, P 3
D, (d) 11.8+6.1 118 130-296 | CH,COCH, 1,2, 3
{c}) 15.3+ L0 14.8 258-451 § CH,CHO P 6
{a) 14.3£0.6 12.5 150-458 | CH,COCH, P 6
12.7+0.3 12.3 27-253 | Hg(CH,), P 12
k== 2.0 %108 507 CHOCH, T 9
12.1£0.6 11.79 151-299 | CH,COCH, 4 13
1.9 114 140-425 | CR,COCH, P 14
v} 109 +0.3 11.4 136296 | CD,LOCD, P 1,2
Alkanes

CH, 14.9 12.00 260-350 { CH,COCH, P 16, 17
(y) k=17 % 1P 182 ¢DLCOCh, P 18,19
W 14.3 i 115 356-525 |CD,COCD, P, T 20
v k=36 106 320 CD,COCD, P 21

(v} 1 141 11.8 200-350 i
CHD (v (&) | 12.8 10.42 27-327 25
CDB (e) 13.8 11.21 27-327 22
CD, 12.93 +0.65 11.26 153428 | CH,COCH, P 23, 17
e 18.4 12.95 200350 | CD,COCB, P 17
C,H, 12.0 16,6 770-890 {C,H, T 24
; E=1.4% 108 630 CH, T 25
v ® 9911 500-566 | €D,CBO T 29, 51
¥ 104 +04 113 116-294 | €B,COCD, P 19,26

(¥ 11.8 12.23 162-341 | £D,COCD, P 21
) 12.1 12.3 260~490 | CDB,COCD, P 27
¥} 15 %02 1.9 246-524 | CD,COCD, P, T 28
CH,CD, ] 12.2 12.6 260498 | CB,COCD, P 27,39
CHLD, ¥ 14.1 123 266496 { CD,COCD, P 27, 39
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Metathetical Reactions of Methyl Radicals — Continued

Reactants Notes & log, A Tempera- Radical source Refer-
ture range PRees
(kcal mole™) {em? mole~t sec™!) °C

C,B, 14.8+0.3 12.3 328-507 | CH,COCH, P, T 28
{y} 13.6 12.3 260490 | CD,COCD, P 27

CH, (g) k=23.3 % 10? 580 CH, T 29
10.3 11.91 300-460 | CD,COCD,  p 30

CH,CD,CH, {y) 116 12.08 300450 [CB,COCH, P 31, 39
CH,CB,CH, v | 116 11.85 300-450 {CD,COCD, P 31,39
n-CH, 83+0.2 110 122-198 | CH,COCH, P 19, 26
8.2+05 11.3 130-220 {Hg(CH,), P 32

by 9.5+0.5 115 Hg(CH,), P 32

8.6+0.3 11.2 92-223 |Heg(CH)), P 33

(h) h=13%107 182 Heg(CH)), P 34

9.1+03 114 79-162 [(CH,),N, P 35

9.6 11.92 250-449 | CD,COCD, 2 36

vy B 10.3+02 500-560 { CD,CDO T 29

CH,CD,CD,CH, (¥ 1L7 12.09 356450 | CD,COCD, P 36
CH,CB,CD,CH, v LT 12.12 356-450 |CD,COCD, P 36
iso-CH 7.6+0.2 11.0 76-194 {CH,COCH, P 19, 26
74+0.3 10.8 93-220 [He(CH), P 33

6.6+0.3 10.3 25-169 {(CH,,N, P 35

7. 10.3 111-146 {D.T.B.P. T 37

(¥) k=2.05x 107 198 CD,COCDH, P 38

y) (B 9.0+0.6 500-560 |CDB,CDO T 29

(CH,,CH (y) 8.2 11.47 300-460 | CD,COCD, I3 30
(CH,),CD S 12.26 300-460 |CD,COCD, P 30, 39
(CH,),CD ) 9.8 11.57 300-460 | CD,COCD, P 30. 39
n-CH . 8.1 +0.2 HERY 89178 | CH,COUH, P 19, 26
k=1.0% 108 540 nCH, T 40

0.9+27 540-580 | n-C.H, T 29

iso-CyH,, E=0.9x10° 540 io-CH, T 40
neo-C H " 10.0 0.3 1.3 138-292 | CH,COCH, P 19, 26
10.4+9.3 113 131-251 |Ha(CH,), P 33

E=0,2X10° 540 neo-(LH, T 40

v 1 10.8 0.2 500560 | CD.CDO T 29

e, 8.1+0.2 111 y2-1841 CH,COCH, P 19, 26
((,‘.H:z‘yz(f.H(,:Hi(:h‘_‘t)f 69 +0.2 10.8 27190 P 19, 26
68+0.2 17 28~220 P 33

ty) ) 73+0.8 500560 T 29

iy} 7804 11.3 166293 P 26

(C,H) CH 6.8+0.3 10.5 76-238 P 41
L= 1.6 X 1{P 5060 40

n-CH

42




Metathetical Reactions of Methyl Radicals — Continued

Reactants MNotes £ log, A Tempera- Radical source Befer
ture range ences
{keal mole™) {em® mole™? sec™t) °C

f== 0.7 149 500 (CH,),CCH,
CHICH,), T

HCHCH,) f= 1.5 100 500 (CH,),CHCHICH, )
CH., CHICH,
v 7.9+04 11.3 141-332 | CD,COCD,

(CH ) CGCH,), ty) 9.5+0.4 11.3 162322 | CD,COCD, P

Cyclo-alkanes

"

eyelo-C, H, 10.2+1.0 1.1 100-250 | He(CH,,
)| 163+04 1.0 139-292 | CB,COCD,
&) | 128 12.18 248-404 | CB,COCD,

el

eyelo-C H, (v} 9.3 x0.4 114 154367 | CB,COCD,
16.1 12.18 262-402 | CD,COCD,

j*iav

eyele-CH (i} k=5, Hg(CH,), T

o
-3

X

P e
&

=

s

i

Lo

(v} 8.3+0.2 1.4 66-296| CD,COCD, P

iy} 9.1 12.24 250-402| CD,COCD, P

() 9.6 12.10 166-500| CD,COCH, P

cyeio-CH 8.3+0.2 11.3 65-189| CHCOCH, P
8.3+0.3 11.2 81-220| Hg(CH,), P

iy} 95 12.47 254-481| CD,COCD, P

eyclo-CH,, {y} 8.9 12.49

Alksenes

CH,:CH, v 10.0+0.4 11.3 188-340| CD,COCD, P
v 7.3+ 1.6 500-560| CD,CDO T
CH,CH:CH, 8.2 11.04 1071681 D.T.B.P

(¥ 77104 10.8 163-304| CD,COCD, P
Y i) 8.0+0.3 500-560| CD,CDO T 29,

CH,CH:CHCH, (7} 1T+04 111 188-342) CD,COCDH,

vy

CH,:CHCH,CH, v 7.6+0.4 1.2 189-340| CD,COCD,

3

4

52 7.3+04 0.9 168-304 | CD,COCD,

-

U

H (¥} 7604 i1.2 188-346 | CB,COCD,

(CH,,CHCH:CH, iy} 74+04 1.3 189-346 | CD,COCB, P 4

(CH L, CCCH ), (v} 7804 ite 188-341 | CB,COCD, P 4

Alkymes

14.0 200-500 | CB,COCD, P

P
ek
o~
)

et

0t CHCOCH, P 5:

o
o]
Py
o~
y
o)
s
o
=y
[
=
Cj"?
=
b

o
G2

247168 O-67—4

1N
o]

o
e

N

"

Wt ke L

put



Metathetical RBeactions of Methyl Radicals —Continued

Reactants Notes E log, A Tempera- Radical source Refer-
ture range ences
{keal mele™) em® mole™! sec™ °C
CH,CICCH, {y) 8604 116 213-346 | CB,COCD, P 43
CHICCH,CH, (¥ 5.1+04 iLg 183-347 | CD,COCDH, P 43
Aromatic hydro-
carbons
CH, k=448 X 10° 209 D.TB.P. T 53
(v} 9.2+0.4 19.4 183-327 | CD,COCD, P 43
CH,CH, (h) 72 10.0 103-249 | He(CH), P 54
iLox2 130-230 { D.T.B.P. P 33
7.3+0.3 11.2 149-250 | Hg(CH,), P 33
() 13.03 £0.27 12.92 +0.08 346701 56, 57, 58
) 74+0.3 10.47 100-253 | CH,COCH, P 59
$.2+0.3 114 159-270 | D.T.B.P. T 53
E=(4.0£0.8) x 1(° 60 CHN,CH, P 60
) 83+0.3 | 110 120-334 | CD,COCD, P 43
CH.CD, k=1{(2.30.4)x 104 60 CHNCH, P 60
16.2 16,7 100-300 72
CH,CD, E=(26+0.2) X 104 60 CHN,CH, P 60
1.3 11.8 102-284| CH,COCH, P 72
C,D.CH, E=(3.8+0.8)x 10° 60 CH,N,CH, P 60
9.6 116 106-284 | CH,COCH, P 72
C.D.CH, k=(1.0%=0.2) x 10* 60 CHN,CH, P 60
F=5.1% 10¢ 182 CH,COCH, P 72
CH.Ch, k={3.7 £0.2) % 10¢ 60 CHN,CH, p 60
CHCH, {2} 7.6+03 10.82 85-183 | CH,COCH, P 59
CH,CH(CH,), () 64+05 10.76 123-249 | CH,COCH, P 59
0-CH(CH,), () 7.8+0.3 1113 101-205 | CH,COCH, P 61
m-C,H (CH,), 2) 85+0.3 1145 100-197 | CH,COCH, P 61
p-C,H,(CH,), 2) 74+0.2 10.82 99-197 | CH,COCH, P 61
3] k=31x 1 484 p-CH(CH,), T 62
CHICH, & O k=6.9x10° 700 CHJUCH), T 63
Halogenated aro-
matics
o-CH,C HF @ 6.0+0.4 9.76 330-460{ CH,COCH, P 64
m-CHCHF @ 71£02 10.32 330-46¢{ CH,COCH, P 64
p-CHCHF @ 5.7%0.4 9.60 330-4661 CH,COCH, P 64



Metathetical Reactions of Methyl Radicals — Continued

Reactants Notes E log, A Tempera- Radiecal source Refer-
tare range ences
{keal mole™ {em?® mole™? sec™t) °C
Alechols
CH,OH 82+0.2 10.7 103-219 | CH,COCH, P 43
8.2+0.5 10.6 100-250 1 Hg(CH,), P 42
8.7+6.2 10.76 £0.07 133-199 | CH,COCH, P 65
v 8.4+0.1 10.68 £6.05 125-250 | CD,COCD, P 73
CH,OH (m) | 104 11.38 133-199 | CH,COCH, P 65
(v} (m) 8.1 10.38 125-256 | CD,COCD, P 73
CD,OH 6.4 +0.7 9.25+0.3 133-199 | CH,COCH, P &5
o 9.6+0.1 10.46 +6.03 125-245 | CD,COCD,  p 73
CD,0H 1.7+0.6 11.25+0.28 133-199 | CH.COCH, p 65
&) 9.3+0.1 10.18 £ 0.06 125-245 | CD,COCD, P 7
C,H,OH ) 8.7+0.4 115 189-341| €D,COCD, P 43
(CH,),CH(OH) ) 7304 11.0 214-347| €D,COCD, P 43
Thiels
CH,BH k=1.8x107 30 CH,COCH, P 66
CD,SH 41+6.2 11.03 £0.15 136-200| CH,COCH, P 74
CD,SH 8.3+0.1 10.88 +0.05 130-200| CH,COCH, P 74
C,H.SH b= 355 107 36 CH,COCH, P 66
(CH,),CHSH k=41 107 30 CHCOCH, P 66
(CH,),CSH k=5.9 X167 30 CH,COCH, P 66
Amines (primary)
CH,NH, 7.6 10.9 125-157{ DTBP. T 67
7.2+0.2 10.59+0.12 CHN,CH, P 68
{y) 8.4+04 11.3 1853-340; CD,COCD, P 43
CH,NH, m | 87%0.7 10.99 £9.37 120-175 CHN,CH, P 69, 68
CH,NH, {m} 5.7+0.40 9.55+0.22 120-175] CH,N,CH, P 69, 68
CH,ND, $.00 £6.20 1115 £0.12 120-175) CHN,CH, P 69, 68
CH,NB, 7.00 £6.30 $.61 £0.16 120-175] CHN,CH, P 69, 68
CD,NH, 6.0 £ 0.50 9.77 £0.28 120-175| CH,N,CH, P 69, 68
CB,NH, 10.10+6.30 10.86 +0.16 120-175| CHN,CH, P 69, 68
CHNH, 7.1 11.2 125-157] D.T.B.P. T 67
73+0.3 10.89 +6.18 116-180} CHN,CH, P 75
CH,CH,NH, k=6.3x10° 156 - CH,N,CH, P 75

45



Metathetical Reactions of Methyl Radicals — Continued

Reactants Notes E log, A Tempera- Radical source Refer-
ture range ances
(keal mole™?) {cm® mole™t sec™) °C

CH,CH,NH, 8.1 11.2 110-180 | CH,N,CH, P

i
o

CH,CH,NHE, 65. 9.9 116-180 | CH,N,CH,

"'i'}
o

CH,CH,NB, 76+0.4 10.04 = 0.21 110-180 | CH N,CH, 75

v} ij

CD,CH,ND, k=131 150 CHN,CH, 75

Amines {second-
ary}

(CH,),NH 7.2 11.7 125-157
7.00 £0.30 11.20 £06.13 120-180
v | 72x04 1.3 184-341

(CH,),NH 6.40 £ 0.30 10,81 +6.21 120-175 ] CHN,CH, P 76
(CH,) ND 8.70 £ 0.60 11.46 £ 0.28 120-1751 CHN,CH, P 70

¥

(CH,),ND

-3

80 = 0.40 10.65 0.2

fa]

120-175 | CH,N,CH, P 7%

1.2 i1.8 125157 | DUT.B.P. T 67

(C,H.),NH 7
() | 5.7%18 10.7 123-260 | CH,COCH, P 7

(CH,),CH),NH 7.8 12.0 125-157| BTBP. T 67

Amines {fertiary)

(CH),N 8.0 11.4 132-260| CH,COCH,
8.9+0.1 11.9£0.1 123-232| CH,COCH,
fv) | 88+04 11.8 193-302] CD,COCD,

g g
-3

(CH)N

E3

53+1.0 10.4 123-260| CH,COCH, P 71

fmines

77
P 78
P 79, 80
P 78
P

P

(CH,),NH 48£0.3 10.7 125-157
o) | 528 10.76 100-216

4.77 = 0.44 10.26 £9.23 116-175
| 54 10.94 126-260

(CH ), NH tm} 16,10 + 2.80 .

s

4+1.48 118-175 | CH,N,CH, 79, 80

(CH,),NH

Tt
~3
e

K & 10.17£0.05 119-175 | CH N,CH,

4.57=0.
(CH,),NB 6.34 0.

4

o

71 10,17 £0.13 116-175 | CHN,OH,

"
3
%

. 80

i

(CHNCCH,), 6.6 2.6 125-157{ DT.BY. T 67

CH,CH:NCCH, ), 7.8 IS 125-157{ D.T.BP. T 67

Amides, azines, ete,

HCONH, 6.6 105 170-247] CHCOCH, P 81

~3
gl
ot
Py
©

HCONHCH, 161-287] CHCOCH, P 81

HCON(CH,),

o
a2
-

-
o
bt
b
&

|

:25.
o

CH,COCH, P 81
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Metathetical Beactions of Methy! Hadicals — Continued

Reactants Notes E log, A Tempera- Radical source Refer-
ture range ences
(keal mole™?) {em® mole™ sec™1) °f
@ | 9.2+03 10.8 144-224f CHCONH, P 82

CH,CONH
CH,CONCH,),
(CH ), NCON(CH,),
CH,ONH,
CH,OND,

N.NH,

‘{Aﬁ;)z

(CH,),N.NH,

CH,CH:NN:CHCH,

CH,N,CH,

CHN:NOYCH,

Aldehydes
HCHO

BCDO

CH CHO

CH,OCDO

€, H,CHO
CH,:CHOH,CHO
n-CH CHO

n-C,F,CHO

iso-C HCHO
a0 H CHG

iso-C H,CHO

s
@

=g
&..«J
1+

.2

E\)

ed FaS )
7.3+0.2

4.53 £0.25

5.88 +0.22

5.80 +£0.20

6.2 0.3
6.6

7903

4.2
.’},é
6.5 =03
7.9
7.5
10.9
7.3 203

8.7+x0.3

8.0+6.3

o}

Foad
@
i

-3 D

ok ot ot ot Bl ek
bk XY et D b
[ B ]

R

=3

X 147
11.06
11.25

1115

215

st
o
R

ii9

-
o
o
1+

=
N

11.2¢

d
[
o
;
el
¥

12,1 +0.2
123002

110180

110-186

125-157

60-182
25150
— 4750
30-180
70190
50-180

133-291
109345
119-175

25-250
500-560

27-158
122—156
119-175

119-175

bl

CH,COCH,

b

CH,COCH,
CH,N,CH,
CH,N,CH,

CH,N,CH,

e R

CH,N,CH,

DT.BP. T

HSN,;CH:.S

-
,‘fE
?
©
”l‘i
e B v« B

CHN:NO)CH, P

CHC’)(’d SO, P
CH N(H P
E‘ATB” T

CHN,CH, P

prTBP. T
B.T.B.P. T

CH,COCH,/
CFCHO P

D.T.B.P. T
BT.B.P. T

DT.B.P T

99,

G1
87

87
92
93
94
95

96
97
29

96

9%

98

96

96



Metathetical Reactions of Methyl Radicals — Continuned

Reactants Notes E log A Tempera- Radical source Refer-
ture range ences
(kcal mole™) {cm® mole™?! sec™) °C
see-C,H CHO 10403 131203 119-175 | DT.BP. T 96
+C H CHG 10.2=0.3 13.0+0.3 119175 1 B.T.B.P. T 96
Ketones

CH,COCH, {1} 9.7 +0.1 11.6 121-300 | CH,COCH, p 100
th) 9.6 +03.4 11.5 106-250 | CH,COCH, P 101

G.7+0.2 11.8 125-220 { CH,COCH, and 102

Hg(CH,), P

9.8 11.59 271-439 | CH,COCH, P 103

9.5+15 115 127-175 1 BI.B.P. T 104

2.5 +0.3 i1.8 130-1551 D.T.B.P. T = 105

9.6+04 11.60 27412 | CH,COCH, P 13

9.56 11.43 132-282 | CH,COCH, P 2, 15

CD,COCDH {y) (wy | 9.95+6.15 10.74 120-250 | CD,COCD, P 73
(v} (wy | 948 9.87 125-200 | CD,COCD, P 74
CD,COCD, (v} 10.3+0.2 116 138-292 | CD,COCD, ¥ 160
157) 10.6 0.3 11.8 136290 { CD,COCD, P 3

{y) 11.6 0.3 11.8 135290 | CD,COCD, P 3

) 116 12.07 150-250 | CD,COCD, P 30

iy} 11.44 =0.05 11.66 ©0.03 126-256 | CD,COCD, P 73

{y) 11.29=0.03 11.57+0.01 125-200 | CD,COCD, P 74

v 10.9 £1.0 11.5 130-200 ; CD,COCD, P 110

CF,COCH, 8.9 12.0 25-113| CF,COCH, P 109
CH,COC_H, 7.4 10.6 79-190{ CH,COCH, 166
CHCOCH, 8.0+=02 11.8 130-155] D.T.B.P. T 165
7.0+£0.1 11.2 26-134) CH,N,CH, P 85

¥ 9% 107 141 CD,cOCD, P 111

cyclo-C,H . COCH, 96+1 60-170| cyclo-C H COCH, P 112
C,H,COCH, 7.4 10.7 273-407| CH,COCH, P 113
CH,COCOCH, 7.1+0.2 28260, CH,COCOCH, P 114
8.5 11.3 140-198) CH N.CH, P 1i6

7.7 28-200) CH,COCOCH, P 115

Esters

HCOOCHg 9.0 10.9 77-236 CHKC@CHS P 117
9.8 113 117

HCOOC,H, 8.2 10.5 77-230; CH,COCH, P 117
HCOOCH,CH,CH, 7.3 16.1 74-178] CH,COCH, P 118
HCOOCH(CH,), 8.9 15.9 94-181} CH,COCH, P 118
HCOOCH,CH, 8.2 10.6 75-186; CH,COCH, P 119

CH,CH,




Metathetical Reactions of Methyl Radicals — Continued

Reactants Notes E log, A Tempera- Radical source Refer-
ture range ences
{kcal mole™Y) {em® mole™! sec™™) °C
CH,COO0CH, 10+05 112 63-216 | CH,COOCH, 120
CH,CO0CD, 10+0.5 114 151-340) CH.COCH, P 12
16 +0.5 it4 145-350 CH3C00(133 122
CH.CO0CH, 14+l i18 153~274¢ CH,COCH, P 121
C,H,CO0C,H, 8.2 113 72-344] C,H COOC,H, 123
CH,0CO0CH, 89+6.7 10.26 £0.34 122-253| CH.COCH, P 106
Acids and acid
anhydrides
CH,COOD 10.2 L1 105-285( CH,COOD P 124
(CH,CO),0 9.6 113 107-196] (CH,CO)L,0 P 125
Ethers and epoxides
CH,OCH, 9.5+0.2 11.5 108-198| CH,COCH, P 43
84x15 1.0 190-250] He(CH), P 42
10+2 11.8 199-292| CHLOCH, —H 126
(v} (D) 08«10 500-5601 CD,CDO T 29
(C,H,),0 9.75 0.5 12.14 145-179| DTBP. T 127
[(CH,),CH],0 vy | 7.3+04 1.1 179-339| CD,COCD, P 43
SO~
CH,~CH, 96+2 11.0 100-200| He(CH), P 42
Peroxides
CH,00CH, 10.6 12.56 124-185{ CHOOCH, T 128
(CH,)CHO), 4.7 %105 26 (CH,),CHO), 129
3 106 77 (CH,),CHO), 129
((CH:;):;C())z 11.7+0.3 124 130155 D.T.B.P T 185
14.5+2.5 103-1451 D.T.B.P T 37
Nitriles
CHKCN (¥} 10.0+0.5 11.5 100-296; CD,COCD, P 136
C,H,CN 5 | 85+05 115 133-297| €D,COCD, P 130
Metal alkyls
He(CH,), h | 108 L7 25-250] Hg(CH,), P 131
9.0+05 11.3 25-250 Hg{CH:X);, P 131
108203 11.7 28-251| Hg(CH,), P 33
10.2+18 16.97 160-238| CH,COCH, P 110
48% 107 407 He(©H,), T 132
&y) 10010 11.22 125-202F CD,COCD, P 114
CA(CH,), 142 12.8 200275 CA(CH,y), P 5

48



Metathetical Heactions of Methyl Radicals —Continued

CFH

142-293

CD,C0Ch,

136, 13

Reactanis Notes E log 4 Tempera- Hadics! source Refer-
ture range ences
{kcal mole™) {cm® mole? sec™ ) °C
Halogenated alkanes
CFH, v | 87+03 L6 125-211 { CH.COCH, P 133, 135
v |o1ne 11.2 193-331 {CD,COCD, P 134
CF.H, (v} 6.2+0.3 1.5 129192 [ CH,COCH, P 133, 135
v) | 104 Lo 122-301 {CD.COCE, P 134
P
P

C,F.H
CF.H
CH,C1
CH,Cl,

CHCI,

CH.Br

CH,Br,

Hydrides of nitrogen,
oxygen, and sulpbuar

NH

i

Z
et

94 «0.3

T2x0.3

58%0.3
6.8

0.1 6.3

8.7 0.3

[
LD e
e I ]
Ll
Hr‘
o
- &
e
[

1100 = 0.42

1100 =0.05

144309

135-318

129323

132-263
30

121208

126-177

116180
144308
186-339
116180

1i6-180

CB,000D,

CP,COCD,

"

CB,COCB, P

CH,COCH, P

g

CH,COCH,

CH,COCH,
CH,COCH,

g

CH,COCH,

o)

o]

CH,COCH,

CH,N,CH,
CH,COCH,
CD,COCD,

CHN,CH, P

CHN,CH, P

2ty
H,O b o247 13.57 8
H,5 2.6 11.4 50-140 | CH,COCH, P 146
{w) 3.0 i2.1 200-360 1 CH CHO P 41
Hydrogen halides
HCl 23+1 116 22-150 | CH,COCH, P 142
{e}) 4.51 2.1 143, 144
HI (x} 2.30 12.50 260-316 | CH I/HI T P45
FLUORINE ATOM TRANSFER
S¥, 14.1 13.3 157168 DT.B.P. T 169




Metathetical Beactions of Methyl Badicals — Continued

[
[

Reactants Notes E logipd Tempera- Radical scurce Refer-
ture range ences
{heal mole™y {o® mole™ zec™%) o
CHLORINE ATOM TRANSFER
(:Cﬁé 12.9 0.7 13.4 90-145 | DT.B.P. T 146, 147
{ Ci:;(ZN 10.4+1.0 12.9 90~145 | D.T.B.P. T 147
(szfaﬁ 0.1 =09 11.8 20-145 | DUT.RP, T 146, 147
Cbﬂsffi 7.6+0.38 10.3 90-145 ¢ BT.B.P. T 147
CCQ;{ O 3.7¢08 2.6 90~145 1 B.T.B.P. T 146, 147
BROMINE ATOM TRANSFER
CFSEY 125 1.0 13.3 90-145 1 BT.B.P. T 147
CF,Br, 64+1.0 116 90-145 | BTBP. T 147
’CCigBr 7.1 =05 13.2 90-145 1 DT B.P. T 147
CCLBr, 7.6 =11 13.8 90-145 | D.T.B.P, T 147
CBQ 789+1.1 4.2 901451 BLT.B.P. T 147
IODINE ATCOM TRANSFER

i
=9 % 10— 2 10w 20 CHJ/O, P 148
f=2.0 % 101 50 CHI P 149
{ag} 1.50 I 13.0 260-3161 CHJI/HI T 145
=11 10w 60 CHJF.P. 165
CF 75+ 1.0 1 13.8 90-1451 DT.B.P. T 147

i

OXYGEN ATOM TRANSFER

§ !

0, (b 5.3 5 108 498 CHCOCHG, T 150
) ; .
NG, % 5.7 g 12.75 115015901 CH NO, ignition 151
GROUP-TBANSFER REACTIONS

i
“OH, -+ CH COCH, iee) k=532 X% 10¢ 350 CH,COCH, P 16

=BCH COCH, g
57415 |93 163-245| CH,N,CH, P, T 171
6.2+1.0 | 114 85-210 3 172
FR U X1 117 48240 173
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Metathetical Reactions of Methyl Radicals — Continued

Reactants Notes E logsn 4 Tempera- Radical seurce Reference
fure range
{kcal mole™?) {em?® mole™? sec™ ) C
CH,+ C FCOCF, 7+1 184-240 | (C,F),CO P 174
=CH,COCF +CF,
€D, + CH,HgCH, £=8.9 % 105 180 CD,COCD, P 175, 176
=D HgCH, +CH,
CH,+CD,SH=CH5H 1.6 10.73 130-200 | CH,COCH, P 74
+CD,
CH, + CF,COCH, 14 150356 CF,COCH, P 109
= C H, +CF,C0
CH, + CH,COCOCH, 5.6 10,7 100-200 | CH,COCOCH, P 114
={H COCH,
+CHCO
6.6 100-200 | CH,COCOCH, P 115
CH, + CH,CH:CHCHO 7.45+1.30 11.8+0.4 120-25¢ | CH,COCH, P 177
=CH,CH:CHCH,
+CHO
CH, + CH,HgCH, 1.0 7 175-220 | CH,HgCH, P 131, 178
= H,+(Hg+CH,)
Ratios of Rate Constants (Methyl Radicals)
(i) Reactions with halogens and hydrogen halides.
Reaction Notes E,—E, logig A1/45 keilke Tempera- Radical source Reference
ture range
(keal mole™ 1) °C
(1) CH, +HBr=CH, +Br
@) CH, + Br, = CH Br + Br 2.0 —0.7 37-210| CH/Br/HBr P 167, 168
(1) CH, + Hi = CH, +1 0.15 280 CHUHI T 152, 154
2y CH, +L,=CHI+I 4.13+0.03 270-310] CH,I/HI T 153, 154
. 1.3+90.5 ~0.38 126295 CH,COCH, P 155
0.8+1.0 —0.50 = 0.40 260—-316) CHI/HI T 145
0.75 — (.64 83-192, CH,I/HI P 154 -
(1) CH,+HBr=CH,+Br
2y CH,+1I,=CHJI+I 0.8+03 60 CHI/HBr/I, P 163
1374026 | —0.30+0.13 80-164| CH,COCH, P 156
0.95 —0.88 83-192; CH,I/HBr ’ P 164
(1) CH, +HBr=CH_ +Br
(2) CH,+HI=CH,+1 {ec) 1.1 =04 8.15 25 CHJ/HB!‘ P 157

52




Hatios

of Rate Constants (Methyl Radicals)— Continuned

(i} Reactions with halogens and hydrogen halides. — Continued

Reaction Notes Ei—E; logiodi/4z ksfky Tempera- Radical source Reference
ture range
(1) CH,+CH,I= C*I +CH,I {kcal mole—1) °C
2y ‘”Hq ? rﬂ:{:: . I 2.03 276-316F CHI/HI T 153, 154
(1) CH,+HCI=CH,+l
(2) CH, +1,=CHJI+1 @y |24 —1.46 98-160 | CH/HCL P 164
(B CH, +1,=CHI+! )
@2 C h +NO*CH NO 6 25 CHING P 158
(1) CH,+CH,=CH, +CH,
) CH,+1,=CHJI+I 65+2 —3.8 30-252 CHCH/L, i 161
(if) Miscellaneous reactions,
Reaction Notes Ei—E; logio A1/As kafks gﬁ?f;ggé Radical source Reference
{keal mole™ 1) °C
(1} CH,+CH,CD,=CHD
-+ LP CD,
(2) CH, + CH LD, =CH, 0.6 =0.04 — .32 328-424 CHN,CH, T 159, 27
—I—C‘ri Ch,
(1) CH,+CH,CD,CH,
—-QH D—t—Cﬂ CD(‘H*’
@) CH, + CH,CD,CH, = CH, —-17 ~0.66 312421 CHN,CH, T 159, 27
+ CH Ch CP"Y
(1) CH,+(CH,)),CD=CHD
*(CH 3,C
{2) CH, -;-{CH ), CD=CH, —~2.3 -0.51 3053591 CH,N,CH, T 159, 27
+ £H2\CH. )2CD
(1) CD, +CD,COCD,CH,CH,
=D, +{C,D,H0]
2 Cb,+CDh,COCD,CH,CH, 0.7 35-144 CD,COCD, 36
=CDH+[C,D,H,0] CHCH, P, 7T
(1) CH, + CH,OCH,CH, = CH,
A+ {CH,Ol
2) CH,+CH,OCH,=CH, 41612 525 CH,OCH, T 169
+CH,0CH,
(1) CH,+HCHO=CH, +HCO
2) QH +CH,OCH, CH 3 507 CH,OCH, T 9
+ CH OC‘{
(1) CH,+0,=HCHO+OH 1.0x 198 25 CHJ/O, P 170
2)CH,+0,+M=CHO0,+ M Eijks M} 162 CHN,CH /O, P 162
=0.49




"

{a) When corrscted, these activation energies are 10.5 and 12.2
keal respectively (see ref. 11},

{(b) This value was used (without a source being quoted), in
the range :%b'lri@’ ‘C

{c} Use of the more recent activation e
gives £ =120 keal (see ?ei 11y

nergy for CH,+CH,CHO

() For a re-analysis of these resulls see refersnce 15.
(e} Calculated from the reverse reaction.
() Assuming an activation energy of 9.2 keal/mole for the

reaction Ch, +CD LBO=CD, '?‘(,D CO

(g} Assuming A= 14%28 mq 13, BHOO/RT) for the reaction
CH,+Chy, E,ﬁE}wL\,J

~m Tm‘ (*ucmt; ies were not caloulated
orig inal aumor&

in this manne

k=100 exy (—10800/RTY for the reaction
*Ch + CH HeCH,.

S JsmeQ ﬂf meihv‘ m&ai deﬁvatives

N ’D + D

1} No distinction made between o, m, and p xylenes.

{m} Calculated a%kummg: 2 zero “(‘U)?}d&r} isotope effect.

(n} These are not the values quoted by the authors, but cor-
rected (see ref, 67} for arxmrpeifc i errors.

(o) No significant quantities iﬁi.{{. were formed, when
acetone was pnamhzed in g)reseme of (CD,),NH.

(p} These values are doubtful.

significant quantities of CH, D formed during
i Q,g.;( OND,.

Caleulated as@ummg the parameters for abstraction from
the ~ NH, group, ave as for those in hydrazine.

a) 3?& aiw references 69, 70, 75, 79, 80, and 88.

ral other studies are in lent agreer
fisted. S e m,r rences I, 23, 59, 65, 74, 106, 107, ¢
“AY faetor doubtial,

he res ‘.,s for CCL, CHCL,. anc
hers are to be garded with some suspIcIon
e ”X}) {(— 76K HRTY for
N H,+CHCO

{x} The authors consider she ae

st

tivation energy to be ~ 1 keal

7} The stiacking radical is CD, .
The variations reported within Nzefe series may be spurious
riations in £ are cmmrencaico by variations in 4.

The authors consider the activation energy to be ~ 1 keal

bb) The produets of this reaction are HCHO and OH.

{ce) Aetivation energy difference caloulated sssuming identical
A factors.

(dd) *Hot” methvl radicals may have plaved an important part
in this system.

{ee} Assuming a~701‘6 cﬁ;& (—9B0D/RT
CH,+ CH COCH, =CH,+ CH,COCH,,.

for the reaction
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. Majury and Steacie, Disc. F&raday Sec. ¥4, 45 {1955%)
. Majury and Steacie, Can. J. Chem. 38, 800 \;932;‘
Whittle and Steacie, . Chem. Phys. ZE, 993 (1953).
Phibbs and Darwent, Tmns. Faraday Soc, 45, 541 (1949,
Anderson and Taylor, }J. Phys. Chem. 56, 498 (1952).
Davison and Burton, . Am. Chem. Soc. 74, 2307 (1952).
. Gesser and Steacie, Can. J. Chem. 34, 113 (1956).
. Intezarova, Kondratiev, and Mukhovan., Kinetika i Kataliz,
5, 585 (1964).
9. Benson and Jain, J. Chem. Phys. 31, 1008 (1959).
10. Skinner and Ringrose, J. Chem. Phys. 43, 4129 (1965).
11. Wiiner and Steacie, Bisc. Faraday Soc. 4. 118 (1953).
12. Rebbert and Steacie, Can. J. Chem. 32, 113 (1954).
13, Chanmugam and Burton, ). Am. Chem. Soc. 78, 509 (1356}
14. McNesby, Gordon, and bmxth J. Am. Chem. Soc 78,1287
{1956).
15. Pritchard and Pritchard, Can. . Chem. 41, 3042 (1963).
16, Dainton, Ivin, and Wilkinson, Trans. Faraday Soc. 25,
929 (1959).
17. Creak, Dainton, and Ivin, Trans. Faraday Soc. 58, 326

cnx:p\g‘ngm‘wmw

{1962).

18. Trotman-Dickenson, “Gas Kinetics,” ». 199 (Butterworths,
1955).

19. Trotman-Dickenson and Stescie, J. Phys. Chem. 55, 908
{1951)

26, McNesby and Gordon, §. Am. Chem. Soc. 76, 4196 (1954).

2t Wiinen, J. Chem. Phys, 23, 1357 (1955}

22. i}aimom Ivin, and Wilkinson, Trans. Faraday Soc. 53,
1204 (1957

23 E}amton and McElcheran, Trans. Faraday Soe. 3%, 857

24. B?@dswzg Kalinenko, and Lavrovskii, J. Chem. Sec. 4443
(1960,

25. Blackmore and Hinshelwood, Prec. Roy. Sec. 2714, 34
{1963).

26. Tmt n-Dickensen, Birchard,
Phys. 19, { 951},

27, siC\IP‘J‘)} 1 t’i’vs Chem. &4, 1671 (19560)

and Steacie, J. Chem.

28. McNesby an (Jbréon, J. Am. Chem. Soc. 77, 4719 (1955).
29. Rice a““d Yarnerin, J. Am. Chem. See. 77, 221 {1955)
30. Jackson, McNesby, and Darwen, . Phys. 37,

1610 (1962}

1. Yackson and MceNesby, 5 Am. Chem. Sce. 83,4851 (1961,
32, Gomer, J. Am. Chem. Soc. 72, 201 (1950).
33. Reu% rt and Steacie, J. Chem. ?hvs 2%, 1723 (1953
34, Smith and Tavior, } Chem. Phys. 7, 390 (1939).
35. Jomes and Steacie, Can. j. Chem. 319 505 (1953}
36, MicNesby and Gordon, }. Am. Chem. Soc. 78, 3570 (1956).
37. Blake and Kutschke, Can. J. Chem. 37, 1462 ”95@\
. 38, Blake, Henderson, and Kutschke, Can. J Chem. 3%, 1920
{1961).
3%, Rice and Vanderslice, §. Am. Chem. Scc. 88, 291 (1958).
40. Blackmore and Hmﬁhehoodg ?roc. Hoy. Soc. 2684, 36
(I%Z).

. Rebbert and Steacie, Can. J. Chem. 32, @(}:1@34;
/ Phibbs and Darwent, Can. J. Bes 2&3 {1950
43. Trotman-Dickensen and Steacie, ] Fnem Pnp«s 19,
(195i)~
44. McNesby and Gordon, J. Am. Chem, Soc. 79, 825 (1957).
45. Gorden, ermm and Drew, J. Chem. Phys. 36, 824 (19562,
46. Russell and Bemste*n(,& Chem. Phys, 55} 6@?( 195,
47, {f@f{{ﬁfk{an J. Chem. 43, 570 ¢ 196{)\
48, Gorden and Smith, 1. Pry% {,hem &6, 521 (1962},
49, Trotman-Dickenson snd Sieacie, J. Chem. Phys. 19,
169 (1951}
50. Mivoshi and Brinton, J. Chem. Phys. 36, 3019 (1962).
51. Rice and Varnerin, §. Am. Chem. Boc. 76, 2629 (1954).
52, Drew and Gordon, J. Chem. Phys. 8%, 1417 (1959).
53. Mulcahy, Williams, and Wilmbhurst, Austral. I Chem.
17, 1329 (1964).
54. Tavilor and Smith, J. Chem. Phys. 8, 543 (1940},
55, Bzwarc and Roberts, Trans. Faraday Soc. 46, 625 (1850).
56, Price and Trotman-Dickenson, 1. uhe"n See. 4205 (1958).
57. Price and Trotman-Dickenson, Trans. Faraday Soe. 33,
938 (1957
58. Frice and Trotman-
1208 (319575,
55, Bur‘»ﬂe} and Rebbe.h 3. Phys. Chemw &7, 168 (1963).
60, Cher, §. Phys. Chem. 88, 1316 (196
61, Sanders and Rebbert, [. Phys. i’“hem. &7, 170 (1963).
62, Burr and Strong, }. Chem. Phys. 43, 1432 (1865).
63. Burr and Strong, J. Am. Ci‘sem Soc. 86, 5065 (1964}
64, Wunderlich and Rebbert, }. Phys, Chem. 67, 1382 (1563},
65, Harnigon and Shannon, ﬁaz J. Chem. 41, 2455 (1963).
56, Kerr and Trotman-Dickensen, J. Chem. Scc. 3322 (1957),

7

o

ickenson, Trans. Faraday Sec. 53,




&7, Bimun an.
8. Gray an
in HPmsbzzrgsé {
69, b"x

76. x;m} im es,

k and Gesser, J. Chem. Soc, 448 (1960).
ﬁ@ihngéw.or’fh, and Sicilio, J. Phys. Chem. 78, 877

jon
=
o
E’i

3

73. f"a*mw and T;;}zm - BZ, 104 (1966,

74, Greig and Thynne, 6T, 62 3’7@ 2%6,.

75. (;fa‘ and Jones, Tr J (1966).

76, Edwards. Kerr, Lloy censon, I Chem.
Soc. 621 (1966).

77. Brinton and Volman, J. Chem, Phys. 2@, 25 (1952).

78. Klemm, Can. §. Chem. 43, 2633 (1465).

7"‘, Gray and Jones, Trans. Faraday Soc. 61, 2161 (1965

’.’,}

. Gray and Jones, Can. J. Chem. 43
Caﬁéraad, Kezr, 2
1336 (1965),
8Z. Spall and Steacie, Proc. Roy. Soc. 2394, 1 (1957
83, Thynne, Trans. Faradav Soc. 68, 2207 €i964«)
84. Jones and Steacie, §. Cherm. Phys, 21, l&u% (195
85. Ausloos and Steacie, Can. J. Cherm. 323 (1
86. Toby, J. Am. Chem. Soc. 82, 3822 (1960).
87. Tohy and Kutschke, Can. J. Chem. 3’3’9 672 (1959).
&8, (ﬂa" @r\d Thynne, Trans. Faraday Soc. 6§, 1047 (1964).
89. Toby and Nimoy, j. Phys. Chen. 309 867 (1966).
0. Gowenlock, Can. J. Chem. 43, 1936 ’1%4).
?ieaz\( Trans. Faraday Soc. 4»9 1292 (1953),
ohman. 1. (he*ua D"wu ?Gv LOSS JQSZ’L
e, Can. | . Chem. 33, 31 (1955).
sm. 33, 6@ {1955).
Pitts, ;nd Then ompson, J. Am.

3425 {3 633
and Trotman-Dickenson, ;. Chem. Soc.

&
=
3
o
"l,
~£’“
:
S
oy
]
i
&
o

93. g
94, E}ndm Can. ] Che

95, Calvert. Chem. 78,
4239 {1956,

6. Bzr ell

Soc.

ané Trotman-Dickenson, J. (‘huz (
\Mem &%, w‘ (}%b;
Am. Lhem. Soc, B5, 1568

wd Calvert, J. Phys.
498, Pr xxc';ard Hsis, and Miiler, J.
(19{}();
99, Yolman and Brinton, J. Chem. Phys. 22, 929 (
190, Trotman-Dickenson and Steacie, ). Chem

97 (19501

(1954)
Phy\_.

]

8,

181, "& unders and Taylor, J. Chem. Phys. B, 616 (1941).
102, Gomer and Kistiakowsky, J. Chem. Phys. 1%, 85 (1951}
103. M an\ze-oom and Steacie, Can. J. Chem. 33, 331 (1954).

G4, Jacquiss, Hoberts, and Szware, L. Am. Chem. Soc.
\90{10 &19”2;

105, Pritehard, Pritc
Soc. 1425 (1954).

wﬁﬂ Thynne and Gray, Trans. Faraday Soc. 58, 2403 (1962,
reh and Polanvi, Proc . Boy. Soc. 2?3& 360 (1963).
nton, J. Am. Chem. Soc. 83, 1541 {1961).
ar and Calvert, 1. Am Luem Qvu‘. ?6, SEff’

chard, and Trotman-Dick

&
o
o

:’3 3543,

hoed st

10, Oswin, Rebbert, and Steacie, Can. J. Chem. 35, 472
{1955},

11, Wijnen, . Chem. Phys. 22, 1631 (1954}

12, Pitts and Merman, J. Am. Umm. Soc. 76, 4815 (1954).

13, Duncan and Trotman-Dickenson, }. Chem. Soc. 4672
(1962)

Elacet and Bell, Disc. Faraday See. 14, 70 (1953).
Bell and Biacet, I Am. Chem. Q*o( 765 5332 (1954
Ausloos and Steacie, Can. §. Chem. 33, 39 (1955).
Thynne, Trans, Faraday Soc. 53, (){é (A‘Q?A,A
. Th hvnm, T»ar.. . Faradav Soc. 58, 1394 (1962).
) iay Soc. 58, 1533 (1962).

.27, 710 (1857),
j~ < hif _.)6 176 (1958),
2. Wiinen, 1 me‘ ?uys. 2%, 939 (1959)
23, Wijnen, J. Am. Chem. Soc. 88, 2394 (1958).
24. Ausloos and Steamu Can. J. Chem. 338, 1530 (31955).
25. Ausioes, Can. J. Chem. 34, 1708 (1954).

F-f‘f**,

[ R R é? O —
L)
fas

G el ot el bk ot el

?@mﬂﬁ
%ﬁ
B
@

]

-~

¢
A
g
5
>
5
\<v

f

o

[y

hys. 16, 987

o
e
@},

RIGRERESESHI,

, 1403 (1962).
: H%\% {1962

. 3390 (1949}

o‘)m‘?;
ﬂenf*

o Lo G2 Lo b b &S

e

S
ot s M o ot kot ot s o

Lo Gt

Faraday Soe. 52, 84 3
Pritchard, Pritchard,

=
it G
=3
[

(,nem and Ind. 896 (1855

138. 68, 568

Pritchard and Thommarson, [, Phys.

132, Cvetanovic, Basl, and 2%, 171

Imai and Tovama, Bull. Chem. Soe. Eai;an 33, 652 (1960).

. Imal and Toyams, Bull. Chem. Scc. Japsn. 33, 1120
{1960},

142, Cwi,anwie and Steacie, Can. J. Chem. 33, 158 (1933).

143. Pritchard, Pyke, and Tretman-Dickenson. J. Am. Chem.
See. 77, 2629 (1955},

144. Pritchard, Pyke, and Trotman-Dickenson, J. Am.
%aﬁ%ﬁ@ﬂé}

145, Fﬁowvn and Benson, I. Chem. {’h}'% 38, 882 (1963).

146, Tomkinson, Galvin, and Pritchard, J. r’hyh Chem. 68,
541 {1964).

147, Tomkinson and Pritchard, }. Phys. Chem. ?@g 1579
(196()

Chem.

Y

. Roy. Soc. 2444, 411 (1958).

lhlaﬁu. and Hamill, }. Am. Che 78,

S50, 3 @i‘

el
—

. Barnard and Honeyman, 279A, 244

[

o) 3 et
iy
& DB RS

Proe. Rov. Soc.

(1964},

131, Hiraoks and Bardwick, 1. Chem. Phys. 3%, 2361 (1963).
152, Bensen and O'Neal, . Chem. Phys. 34, 314 (1961,

153, Sullivan, J. Phys. Chem. 65, 722 (1961).

154, Ggg, §. Am. (Ar-Pm, Soe. B&, 526 (1934).

185, O'Neal and Benson, }J. Chem. Phys. 36, 2196 ‘29(‘32)‘
156. Fetiis and TmimawDickensun. J. Chem. ‘mr 3037 (19615
157, ""rren. Gilhert, Linnett and Read, Trans. Faraday Soc.

&0, 7
158 (

G (1964).
hrmtxe :md ¥

ay Suc &}, 468 (1965)
Soc. 88, 301 (1958).
16@. An\,e;mn and Ben on, J. . 86, 2320 (1962
i6l. Willard and Harris, J. Am. C'mm. 50(’ 76, 4678 (1954),
162. Wenger and Kutschi 3 Chem. 87, 1546 (1959).

163, A..;{i\ son and Kistiak Wok j, Chem. Phys. 11, 6 (1943},

164, Willams and Ogg, J. € Phys. 15, 696 (1947

163, Davidson and Carringto Am, Chem. Soc. 74, 6277
{19523,

166

167,
469 ‘IQW{@)

168, Benson an

ﬁ‘\‘ﬁ"; .

. L

169, Batt and icks Phyvs, &)
170. Heicklen /ma' jo‘ma on, §. Am. Chem. ‘%ac B4, 4030
{1962},

171, Pritchard and Steacle, Can. J. Chem. 35, 1216 ‘EQ 7
172, Aleock and Wk *'*etw,, T ans. Faraday Soe. 61, 244 (1965),
175, Giles and W hittle, T Faraday Scc. 61, M?‘) ﬂ‘)ﬁ’%‘;
174, Price and Kﬁt&schke. (a1 J. Chem. 38, 2 2128 (1960),
175. Rebbert and Ausloos, 1. An. Chem. Soc. 86, 2068 (1964).
176. Rebbent and Ausloos, J. Am. Cherm. Sce. 85, 3(;3 (1863}
177, Allen and Piuts, J. W’}x m. 70, 169 (1966

178. Trotman-Dickenson, “Gas Kinetics,” p. Z.,7 et seq.

{Butterworths, London, 1955).



Difluoromethylene Radicals

Reaection Motes E logied Tempera- Radical source Reference
ture range
{keal mole™) {em® mole~t sec™) °C
CF,+0,=CO+2F+0 14.98 12.30 ¢ 1307-2117 | C,FJO,  ST.* 1
References

1. Modica and La Graff, J. Chem. Phys. 43, 3383 (1965).


lpaek
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Triffuoromethyl Radicals

Reactants Motes E logied Tempera- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER
Hydrogen {kcal mole~) {mole~ 1 cc. sec™?) L
H, 9.5+0.7 11.86 59-158 | CF,COCF, 1
8.8 11.60 219-346 | CF,N,CF, 2
(a} 25.1 11.89 832-1011 3
HD 10.5+15 11.78 102-174 | CF,COCF, 1
HD 10.2+15 11.35 102-174 | CF,COCF, i
D, 10.20.7 11.45 86-196 |CF,COCF, 1
9.7 11.44 220-346 | CF N,CF, 2
Alkanes
CH, 163405 1170 122-251 |CF,COCF, 4
16.6 11.73 170-310 |CF,CHO 5
$5+%2 j1.2 30-350 JCF,COCF, 6
11.0£0.1 11.98 84-261 |CF,COCF, 7
11.3+05 11.96 +0.22 153-205 | CF,COCF, 8
110 11.98
CHD, 10.5+6.3 11.04 55-354 | CF,COCF, g
CHD, 1275 0.3 11.33 55-354 | CF,COCF, 9
CD, 121 £2.1 1118 106-287 | CF,COCF, 7
CH, 75405 1168 81-216 |CF,COCF, 4
75 11.63 220-350 | CF,N,CF, 2
C,H, 6.2 11.67 200-310 | CF,N,CF, 2
6.5+0.5 1175 27-119 | CF,COCF, 10
n-CH,, 5.1%03 11.15 29-93 | CF,COCF, 10
5510 10.9 30-350 | CF,COCF, 6
5.3 11.46 200-310 | CF,N,CF, 2
iso-C,H,, 47+03 11.15 2884 | CF,COCF, 10
4.7 11.17 170-240 | CF,CHO 5
(CH).CD 7410 12.48 62-208 | CF,COCF, 7
neo-C H 7.6 11.76 250-320 | CF.N,CF, 2
CH,C(CH,),CH,CH, 17 10.22 250-300 |CF,N,CF, 2
Cryele-Alkanes
cyclo-C H 4.7 11.54 216-360 | CF,N,CF, 2
cyelo-C H,, 50402 11.44 19-91 | CF,COCF, 11



Trifluoromethyl Hadicals — Continued

Reaciants Motes E log 04 Tempera- Radieal source Reference
ture range

(koal mole™?) {mole~*cc. sec 1t} °C
Arpmatic hydro-
carbons
CH, 6.3+0.20 11.35 23-56 11
by 7.7 1144 2

€, H,CH, & | 60 1.3 2
5.91 £0.30 11.59 +0.20 27-118 12
5.37£6.26 1116 25-81 1

CHCB, 5804 10.13 2272 | CF,COCF, 13

0-CH(CH,, 5.55 £0.54 11.68 768 | OF,COCF i

Halogenated Aro-

mrties
CHCE 55 +0.3 10.56 W-118 L CF COCE, i4
C.HB.Br 5.9 =05 i1.53 25345 CF,COCK, B4

o
a1
I
o
St
X
N
&
]
S
o}
-~
ry
e
e
-
4
g
o
e

& 1
x BHE0.3 12.46 67-151 | CFOOCH 14
CHLCO, BE+G6 12,55 104-171 | CF,COCK, 14

C . CH, 6.38 1,75 CFCOCF, . 15

CH,CHO 4.2 14.84 176-250 | CF,CHO 5

3
T3
P
o
Fain)
-
oo
S
ot
-
-3
Ga

150-406¢ | CF,CHO 5

Ketones
CH,COCH, 8.0 250-320 2
G901 29169 18
827 =017 1152008 §5-2401 CF,COCF, 17, 16

CFOOCH, 6.6 11.3 25-350 1 CF,COCH, 18

CoHCO0F, 72+05 9.7 158-204 | O HCOCF, 19
Halogenated Methanes
CH,C 106202 123008 144400 2

CHLCL ER ity IS 0.08 85204 260

[y
ol s 5

316 20,07

P1.98

.04+ 0.06
;

56



Triflusromethyl Badicals - Continuned

Heactants MNotes E logind Radical sourre Reference

o~
o3

(t E 3

o =3

CH:Br (d) 150260
(el 15026

CH,t 75203

o«

Hydrogen halides
and bydrogen
suiphide

HOL 51 50.5 1108 20-205 1 CF

C
Hbr 29£05 11.78 CF,COCF, 26
108 2 CF,C

e
i
(13
o
S

¥
&
%

H.S 3821026 11.65£0.16 63-100 | CF,COCF, 27

CHLOBINE ATOM TRANSFER O

€l 3605 12,89 126235 CF,COCF, 2

CH,CE =17 CF,COCF, 2%

CH,AL,

CH,

1149 =01

oy

el ok
e
& &

&

&=

o
b

CF,COCF,

col, 9304 179 %0.2 i
10401 1257 +0.94 96-240 29

CH.C > 13 20-118§ CF,COCF, i4

CH.CR,Cl =13 HOF, 14

CHOC 97 0.5 12.49 104-171 1 CF, COCF, 14

#

BROMINE ATOM TRANSFER

B, 1236 78327 1 CFCOOF, 26
CH,Br i 10.83 =0, a
{e} .41 £ 4 8

G 1NN 791 14

@ e 7.38 39-107 | CF,COCH, 14

: 24.2 8321011 23

[
e
~



Trifluoromethyl Radicals— Continued

Reactants Notes E logie 4 Tempera- Radical source Reference
ture range
{hkcal mole™ %) {mole=1 cc. sec™ ) °C
IODINE ATOM TRANSFER
i, 8.0=0.5 12.42 CF,COCF, 26
CHI 3.3+0.15 9.59 £ 0.08 55-210 | CF,COCF, 8
CHI 21+06 10.33 75-150 | CF COCK, 14
OXYGEN ATOM TRANSFER
N,O (b} 24.8 13.15 316-375 1 CF,COCF, 24
Hatios of Rate Constants (Trifluoromethyl Radicals)
Reaction Motes ~E logie A4, " Tempera- Radical source Reference
fure range
{kcal mole™) .
1y CF,+Br, —0.52+1.88 0.93 = 0.60 361-431 | CF.H thermal 22
= C“ Br -+ Br bromination
2y CF, + HBr —2.17+0.16 0.58 +0.08 55-334 | CF,COCF, 25
= C ¥, H+Br
() CF,+1L,=CFi+I
(2) CF,+HBr ~2.98+0.12 0.64 +0.06 85-230 | CF,COCF, 25
=CF H+Br
{1 CF, + CH?)
= C’" JE+ (‘D.
2y CF,+ LhD —2.2 - .29 55-354 | CF,COCF, 9
=CF D+ Cﬁﬁ
1y CF,+CH,D,
=C ¥, H+ CHD
2y CF,+ {,H B, In byfho=1n 1.400+0.42 X 108/7% 727-1067 | CF,N,CF, 28
= i,F ;D -+ CH D
Notes References

(2) CF,Br inhibition of H,/0, shock tube ignition.

£

(b; Values less reliable’ than others qaeted by the same

authors.
(¢} Results combined with data from reference 16.
{d) At low (25mm Hg) CH_Br pressures.
{e) At high (180mm Hg) C%{ Br pressures.
() This result is ‘srefeﬁred to that obtained with CF,N,CF,
(g) “4” factor un reaammble
(1) Result described as “‘semi-guantitative,”

(1) For data involving fuorine atom transfer, see reference 22,.

4
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1. Ayscough and Polanvi, Trans. Faraday Sec. 32, 960 (1956).

2. Pritchard, Pritchard, Schiff,
Trans. Faraday Soc. 32, 849 (1956).

3. Skinner and Ringmse, J. Chem. Phys. 43, 4129 (1945).

4. Ayscough, Polanyi, and Steacie, Can. §. Chem. 33, 743
(1955).

5. Dodd and Smith, J. Chem. Soc, 1465 (1857).

6. Pritchard, Pritchard, and Trotman-Dickenson, Chem. and

Ind. 564 (1955).

7. Carmichael and Johnsten, J. Chem. Phys. 41, 1975 (1964).

and Trotman-chkenson,



8. Alcock and Whittle, Trans. Faraday Soc. 61, 244 (1965).

9. Sharp and Johnston, }. Chem. Phys. 37, 1541 (1962).

10. Ayscough and Steacie, Can. J. Chem, 34, 103 (1958).

11. Charles and Whittle, Trans. Faraday Soc. 32, 849 {1956).

12. Holmes and Kutschke, Trans. Faraday Soe. 58, 333
(1962).

i3. Charles, Pearson, and Whittle, Trans. Faraday Soe. 37,
1356 (1961).

14. Giles and Whittle, Trans. Faraday Soc. 62, 128 (1966).

15. Charles, Pearson, and Whitile, Trans. Faraday Soc. 59,
1156 (1963).

16. Pritchard and Dacey, Can. J. Chem. 38, 182 (1960},

17. Giles and Whittle, Trans. Faraday Soc. 61, 1425 (1965).

18. Sieger and Calvert, J. Am. Chem. Soc. 76, 5197 (1854).
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18, Bmith and Calvert, J. Am. Chem. Soc. 78, 2345 (1956).
20. Aleock and Whittle, Trans, Faraday Sec, 62, 134 (1966).
21. Alceck and Whititle, Trans. Faraday Scc. 62, 664 (1966).
22. Corbett, Tarr and Whittle, Trans. Faraday Soc. 59, 1600
(1963).
23. Skinner and Ringrose, J. Chem. Phys. 43, 4129 (1965).
24, Bell and Kutschke, Can. §. Chem, 42, 2713 (1964).
25. Tucker and Whittle, Trans. Faraday Soc. 61, 866 (1965).
26. Amphlett and Whittle, Trans. Farsday Soce. 62, 1662
(1966).
27. Arthur and Bell, Can. J. Chem. 44, 1445 (19646).
28. Johnston and Tschuikow-Roux, J. Chem. Phys. 36, 463
(1962).
' 29. Stewart and Cady, }. Am. Chem. Soc. 77,6110 (1935).
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Hatios of Bate Constants (Trichloromethyl Badicals)

G}
Reactants Notes E,—F, logiedi/ Az Tempera- Radica! soure ! Reference
fure range
{kcal mole™ °C
~3.08 £0.49 9,43 = 0.25 197294 P 7
— 244 .30 132-189 | CCLBr P 7

Rlotes Bowles, Majer, and Robb, Trans. Faraday Soc. 88, 1541

e

{g) Caleulated sssuming £=10% em® mole~! sec~? for the Bo wies, Majer, and Rebb, Trans. Faraday Scec. 38, 23%4
combination of CFH; radicals.

by Caleulated assuming £=10% cm?® moele~? gec~? for the
combination of CFu(l radicals,

() Caleulated essuming &= 107 cm® mole~? see~! for the
combination of CLI,; radicals. b

{d) Calculsted sssuming A==10"% cm® mole=! sec—? for the X lez, Mmegss and Mahjeu, Nature 1880, 1068 (1957
combination of CCls radicals, u, and Martens, Bull. Soc. C hira. Belges &7,

o
et

fasteclogue, Compt. Rend, 257, 131 (1963).
é"‘t and Wa'sm., Trans. F&ra&ay Sﬁtﬁ 62, 1215 (1966)

&
5

190, .-'tiam%c;gzcmp Compt. Rend. 256, 2601 (1963).
11 ﬂamecwque, Compt. Bend. 254, 3671 (1960).
Beferences
1. Pritchard, Venugopalan, and Greharm, ] Phys. Chem. 68, Beview
1785 (1964},
2. Majer, Phillips, and Robb, Trans. Faraday Soc. . 122 1. Chiliz, Coldfinger, Huybrechts, Martens, and VYerbecke,
(2965}, Chem. Rev. 63, 355 f’{Qﬁ
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Helative Rate Constants (Formy! Radicals)

Reactants Motes E, ~E, logie41/4s kfkee Tempera- Radicnl source Refer-
. ture range ences
{keal mole™) L
(1) HCO+ NO,=HNOQ,+ €0
(2) HCO+NO,=HCO, +NO 0.65 0.5 180-226 { CH,O/NG, T 1,2
(1) HCOHMy=CO+HEM)
2) HCO+0,=CO+HQC, 2.7 X 109 36 CH,COCHJO, P 3
cm~® mole
References

1. Shaw, J. Chem. Soc. 1517 (1964).
2. Poliard aad Wyatt, Trans. Faraday Soc. 45, 760 {1949).
3. Pearson, . Phys. Chem. &7, 1686 (1963).



Metathetical Reactions of Methoxy Radieals

Heactants Notes E logo A Tempera- Radical source Refer-
ture range £nees
HYDROGEN ATOM TRANSFER
Alkanes {kcal mole ™) {em® mole™! sec™%) °C
CH, {a} 11.0 11.8 125-250 i5
CH, ® |71 115 200-406 | CH,O0CH, T 12,3
C,H, &y | 5.2 113 200-400 | CH,OOCH, 7T 1,2,3
nCH,, © b | 29 10.5 200-400 | CH,O0CH, T 1,23
is0-C,H,, ® | 41 110 190-260 | CH,OOCH, T 1,2,3
(CH,),C @ |73 118 200-300 | CH,O0CH, T 12
Cyclo-Alkanes
eyelo-C H, {b) 9.7 12.2 200-400 | CH,O00CH, T 1,2
Esters
HCOOCH, 8.2 12.2 124-185 | CH,O00CH, T 4,5
CH,CO0CH, ~4.5 63~216 CH:;COOCE;; P 6, 14
CH,COO0CB, ) ~5 30-201 | CH,CO0CD, P 7, 14
Ratios of Rate Constants (Methoxy Radicals)
Reactants Notes E—E, logio 4142 Tempera- Radical source References
ture range
{keal mole~ 1} °C
(1) CH,O0+CH,OH
=CH OH+ CH,0H
2 CH,0-+HCHO
=CH,OH+HCO 3.6—4.3 155-180 | CH,00CH, P 8, 12
() CH, O+ HCHO
=CH,OH+HCO
(2) 2CH,0=CH,0H
+HCHO &) k1k2M? = 1039 exp (— 3000/RT) 50-1351 D.T.B.P. T.P 9
(1) CH,0+0,=CH,0
+HQ,
@) 2CH,0=CH,OH
+CH,0 @ byl =0.59 room temp. | CH,I/O, P 10
(1) CH,+CH,(OCH)),
=CHOH+[CHO,]
2) CHO=H+CO+E, kafks=1.14 X 10° cm® mole ™ 459 CHOCHy, T 11

i
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Motes

o,

{a} Calenlated from the back reaction.

xf’;}) The 4 factors were deduced by a semi-en ipiricat method
by Berces and Trotman-Dickenson (ref. 1. Th {mg:zei work
contained an arithmetical mistake thet resulted in ap over
estimate of log 4 of 0.3 units.

(e} This value seems u&eu to be incorrect.

{d) The reactant radical in this case is CD,0.

{e} For further data on methoxy méicais see reference 13,

{1 Units are cm®2 mole~ 2 gpg— 2

Beferences

. Berces and Trotman-Dickenson, J. Chem. Soc. 348 (1361).
. Shaw and Trotman-Dickenson, J. Chem. Soec. 3210 (3960
Shaw and Trotman-Dy zckam@.,, Proc. Che {19593,

. Thynne and Gray, Trans. Faraday Soc. 59, {1863}

1. Soc. 61
1148

e L0 B b

&6

Thynne and Gray, Proc, Chem. Soc. 295 (1962).
Wiinen, 1. Chem. Phys. 27, 710 (1957

LICYE S

7. Winen, J. Chem. Phys. 23 $3% (1958}

8. Takezaki and Takeuchi, J. Chem. Phys. 22, 1527 (1954,

9. Hoare and Wellington, 8th. Int. Comb. Symyp., p. 472
{Williams and Wilkins, 1962).

i6. Heicklen and Johnston, J. Am. Chem. Sece. 84, 4030
{(1952).

1i. Mole tenc, and Arevale, J. Chem
Soe. 2311 ¢

12. Takezak , J. Chem. Phys, 25,
536 (1956

13. Dever and Calvert, I . B4, 1362 (1962

14, Wijnen, J. Chen (:xjﬁm ).

15, Shaw and fhvm-ke. T day ‘33(“ &Z, 104 (1956)

Heviews

1954,

ams, Chem. Bev. 5%, 239 (
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Metathetical Reactions of Methylthio Badicals

Reactants Note E logio A Tempera- Radical source Refer-
ture range SRCes
HYDROGEN ATOM TRANSFER
{kcal mole—1) {em® mole~* sec™ ) °C
CH, {(a) 18.2 123 130~200 i
CH,CHO 6.8 11.9 189-396 2

4.8 12.¢

| CH,CHOJCH,SH

CH,CHOJCH,SH

]

Motes

£,

(a} Calculated from the reverse reactions.

Beferences

. Greig and Thynne, Trans. Faraday Sec. 62, 379 (1966).
. Birrell, Smith, Trotman-Dickenson, and Wilkie, J. Chem.
Soc. 2807 (1957).

3. Imai and Tovama, Bull. Chem, Soc. Japan 33, 1408 (1969,

B
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Beaciions of Chloroformyl Radicals

Reactions Motes E logio 4 Tempera- Radical source Heferences
ture range
(kcal mole~ 1) {cm® mole~* sec™1) °C »

COCI+CL=C0C], 2.56 12.4 25-55 | COfCL P i

+Cl {a} 3.1 10.8 15450 5
COCI+NOCE=C,

+CO+NO
for COCL, +NO) 114 13.68 25-55 | COCLNOCE P 2
COCI+6,=C0, 3.3 109 20-200 | €1,/0,/CO P 3,4

+CiO :

Motes

{a) Review of literature data.

References

1. Burns and Dsinton, Trams. Faraday Sec. 48, 39 (1952).

2. Burns and Dainton, Trans. Faraday Soc. 48, 52 (1952).

3. Rollefson, J. Am. Chem. Scc. 35, 148 (1933).

4. Trotman-Dickenson, “Gas Kinetics,” p. 259 et seq. (Butter-
worths, 1955).

5. Bodenstein, Brenschede, and Schumacher, Z. Phys, Chem.
408, 121 (1938). )
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Metathetical Reactions of Cyano Radicals

Reactions Notes E logis 4 Tempera- Radical source! References
ture range
(keal mole~1} {cm® mole~1 gec—1} KN
H,+CN=HCN-+H ~7 D.F. I
CICN+CN=C,N,+Cl 6.0 13.05 17272527 | CICN _ _S8.T 2
C M, + CN =products 2.1 18.86 28-174 | CN, FP 3
O, +CN=NCO+0 k=46 X102 room temp. | C,N/G, F.P. 5
k=35.5X 10 room temp. | C,N/O,  FP. 3
i
Ratios of Rate Constants
Reactions Notes E\—~E, logio As/Aalk /s Tempera- Radical source | References
ture range:
{keal mole—1) °C
(1) CH,+CN=CH,
+HCN
@2 CH +CN=CH,
+HCN 3.7+02 1.31 30-156 | ICN P 4
(1) CH +CN=CH,
+HCN
(2) C,;H,+CN=n-CH,
+HCN —~0.1+02 6.08 30-15¢ | ICN P 4
(1) C,H,+CN=CH,
+HCN
@2 CH,+CN=i-CH,
+HCN —6.1+03 0.04 30-150 | ICN P 4
(1) CH,+CN=n-CH,
-+HCN
(2} Cng + N = i~C3H7
+HCN —-0.1+03 (.08 30~15¢ | ICN P 4
References

1. Hartel and Polanyi, Z. Phys. Chem. B11, 97 (1330).
2. Schofield, Tsang, and Bauer, J. Chem. Phys. 42, 2132

(1965},

3. Paul and Dalby, J. Chem. Phys. 37, 592 {(1962).
4. Goy, Shaw, and Pritchard, J. Phys. Chem. 69, 1504 (1965).

5. Basco, Proc. Roy. Soc. 2834, 302 (1965).
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Hatios of Hate Constants (Ethvnyl Radicals)
iy Beactions of the wype () CH+RHE=CH +E&
2y CHE+BCH=CH,+Br.

RE MNates iyfks Tempera- Radical source References
fure
Alkanes KH
CH, 8.0620 27 Bri,H i

£,H,

wC H,,
iso-C H
{CH),C

(CH,,C.CCH),

Cyelo-alkanes

eyelo-C H,
oyelo-C H,
spire-€ H,

eyele-C.H

B
eyclo-C H

1.35

(.64

2.1

[3]
3

[
o}

3]
-3

BrCH

L

ool

SN
BrC H
Brl H

BeC H

BrC,H
BeC H
B:C,H
BrC,H

By H

g - ] S I

gy

el

o

o

1. Tarr, Strausz, and Gunning, Trans. Faradey Scc. 61, 1946
(1965).

{19661

3
o

2. Tarr, Strausz, and Gunning, Trans.

-
58

rad

cyclo-C B, z.3 27 BrC 1 P i
Halogenated alkanes
CHC 8.14 27 Bri H P i
{it} Reactions of the type (1) (,H+RH= CH,+R
2y CH-+CHCHCH,CH, = CH,+C H,
RH Notes kilky Tempera- Radical source Reference
fure
Alkenes °C
CH,:CHCH, 0.63 27 BCH P 2
cis-CH CH:CHCH, 1.04 27 BeCH P 2
trans-CH, CH.CHCH, 1.06 27 BrC H P 2
CH,:C(CH), 0.90 27 BrC B P 2
CH,:CHCH,CE,CH, 1.7 27 Bri H P 2
CH,:CHCH(CH,), 1.22 27 Br,H P 2
Heferences

ay Soc. 6Z, 1221
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Metnthetical Reactions of Ethyl Radicale

Reactants E Iogie 4 Tempera- Hadie
fure range
BYDROGEN ATOM TRANSFER
Hydrogen theal mole™ ) {em® mole—? sec™1) °C
H, 115+ 1
4.05 12.19 752-917} 1,/O, ignition 2
L3085 1151 833221 (C,B,,CO 3
15.9 12.8
D, 123+05 120 54-287 (CH)CO
Alkanes
n-CH , 15.2 13,77 420-530; nCH 4
16.4 11.03 166-325] (€,D,CO 5
iCH, 8.9 10.62 87-315 | (C,D,,C0
neo-C H,, 126 1L.25 86-324 1 (C,D,,00 5
cyelo-C H 0.4+ 4.5 1142 +4.2 99~293 1 {C,D),C0
wCH,, 16105 11.14+6.2 87-252 | (C,D,,CC
O H 10.6 0.4 1169 202 124200 | (C,H,,C0 P
Alkenes
15-C 6304 101502 71-175 HC,H,),CO
LCH, 8305 11.15+0.3 85-200 L{CH),CO P
RO H 8.3 +0. 1139 +0.3 85-180 [ (C, H),CO P
75+05 10.6 0.3 66-152 |(C,H),C0 P
trans 4-C . H §.7+1.0 11.5+046 85-165 | (CHL,CO P
(CH,,C:CHCH:
CICHy), 7.6 +£0.4 111502 53-147 | (C,H,),C0
Cyelo altkenes
cyciohexadiene, 1,3, 5405 0.6+0.3 25-160 1 (CH),CO P
cyclohexadiene,- 1,4, 5801 1L3+401 50-148 1 (C H,),CO P 15
cycichexene 82405 11.5+46.3 23-250 | (CHLCO P
7.5 £04 18.2+60.2 40-2101 (C,H),CO P
eycloheptatriene 6505 109403 50-1301 (C,H,L,CO
cyclosctatetrasne B6x1.2 11607 50-130) (C,H),CO
eycinoctadiene,-1,5. 58 +0.7 0.5 +0.4 G-1301 (CH,CO i




Metathetical Reactions of Ethyl Badicals — Continued

Reactanis Notes E logis A Tempera- Radical source Refersnce
ture range
{kecal mole—? {cm?® mole~1 gec™t) °C
Alkynes
LCH, 76+0.2 10.9%0.1 23-180 |(C,H,),CO° P 6
Aldehydes
CHCHO 7610 115 134-156 | D, T.B.P. T i1
5.9 10.8 91-315 | C H,CHO P 12
6.3 106-175 C2H5C50 P 12,13
Ketones
CH,COCH, 8.0+0.3 11.0 79-234 | CH,COCH, P 16
(C,H),CO 74 10.9 25-225 [(C,H),CO P 14,21
76 110 41-158 {(CH)N, P 15
78462 1L1+01 50-215 [(C,H,),CO P 6
8.9 117 75-170 |(C,H),CO P 17
(CH,CD,),CO © | L7 L4 24-365 | (CH,CD,CO P | 18
(CH,CB,),CO © | 87 116 24-365 | (CH,CD,,CO P 18, 19
9.2 +0.4 1L1+0.1 24-365 | (CH,CD,),CO P 19
(C,D,),CO b | 96:04 11.3 160-314 | (C,D,,CO P 19
. 9.0+05 10.95 50-324 | (C,D),C0 P 5
C,F,COC,H, 6.8 10.85 100-250 | C,F,COC,H, P 37
C,F,COCH, 7.2 109 80-362 | C,F,COCH, P 20
Esters
HCOOC,H, 7.8 106 77230  CH,COCH, P 17
CgHECO(}Czﬂs 2.8 115 108-344 | C B . COOC,H, P 22
CH.COOCH CH:
CcH, 58+1.4 9.7+0.8 79-160 | (C,H),CO P 23
Azo-compounds
(C,HJ)N, 75 10.9 74-178 {(CH),N, P %4
BO:02 114 21-175 [(C,H),N, P 25
Metal alkyl
(C,H,),Hy 6.2 10.3 75-200 | (C,H,Hg P 26
Hydrogen halide
Hi 11 11.92 263303 HIZC2H5I T 27




Metathetical Heactions of Ethyl Radicals — Continued

Reactants Notes E logie 4 Tempera- Radical source Reference
ture range
{keal mole=?) {cm® mole~* sec~1} oL

CHLORINE ATOM TRANSFER

(a) Estimated from the reaction D,+C,H,, assuming the
difference in activation energies to be egual to the difference
of the zero-point energies.

(b} The attacking radical is C,D..

(e} The attacking radical is C%‘EKCDz.

(d) Caleulated, assuming the activation energy of 0.2 keal/mole.

{e) This 4 factor seems improbably high.

73

RO 0P

a, 1.0 : 13.1 28
IGDINE ATOM TRANSFER
1, @ o2 12,50 263-303{ HEC,HI T 27
OXYGEN ATOM TRANSFER
L0 ) |30 17.8 553-588 | C,H/N,0 T 29
Ratios of Rate Constants (Ethyl Radicals)
Reaction Notes E—FE, logioAi/4z Eifks Tempera- Radical seurce Reference
ture r ang_e
(keal mole—1) °C

(1) C,H+HBr=CH, +Br
(2) C,H, + Br,= C,H,Br+ Br 0 ~0.22 30-90 | C,H/Br/HBr P 30, 36
(1) C,H,+ HI=C,H, +1 0.15 260 CHIHI T 33,32
@ CH,+L=CHI+I 0.13£0.03 250-280 | C,HE/HI T 31, 32
0.90 —0.58 263-303 CHIHI T 27

) CH,+HBr=CH, +Br
@) CH, +L=CHI+I 2.29+0.08 | 0.23+0.04 55-115 | CH,COC,H, P %4

(1) CH+L,=CHI+1
@ €,H,+0,=C,H0, 13 25 CHIO, P 35
(1) CH,+1L,=C,HI+1
(2) C,H, + NO=C,H,NO 7 25 CHINO P 35
Notes References

. Wijnen and Steacie, J. Chem. Phys. 20, 205 (1952).

Skinner and Ringrose, J. Chem. Phys. 43, 4129 (1965).
Boddy and Steacie, Can. J. Chem. 39, 13 (1961).

Purnell and Quinn, Proc. Rov. Soc. 2704, 267 (1962).
Boddy and Steacie, Can. J. Chem. 38, 1576 (1960).

James and Steacie, Proc. Roy. Soc. 2444, 289 (1958).

. James and Troughton, Trans. Faraday Soc. 62, 145 (1966).
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8. Brown and James, Proc. Chem. Soc. 81 (1962).

9. Brown and James, Can. J. Chem. 43, 1102 (1965).

10, Brown and James, Can. J. Chem. 43, 660 (1965),

11, Volman and Brinten, J. Chem, Phys. 22, 926 (1954).
12, Kerr and Trotman-Dickenson, }. Chem. Soc. 1811 (1560).
13. Blacet and Pius, J. Am. Chem. 5oc. 74, 3382 (1952).
14, Kutschke, Wiinen, and Steacie, }. Am. Chem. Soc. 74,

714 (1952).

15, Ausloss and Stescie, Can. J. Chem. 32, 592 (1954).

16, Ausioos and Steacie, Can. . Chem, 33, 1062 (1955).
i7. Thynne, Trans. Faraday Soc. B8, 676 (1962}

18. Wijnen and Steacie, Can. J. Chem. 29, 1092 (1951).

19, James and Steacie, Proc. Bov. Soc. 2434, 470 (1958).
26, Pritchard and Thommarson, J. Phys. Chem. 69, 1001

. Brinton and Steacie, Can. J. Chom. 33, 1840 (1855).
22. Winen, J. Am. Chem. Soc. B, 2394 {1958),
23, James and Troughtern, Trans. Faraday Soc. 62, 120 (1966).

24. Amsioos and Stescie, Bull Ssc. Chim. Belges. 63, 87
{1954).

25. Cerfontain and Kutschke, Can. J. Chem. 3%, 344 (1858).

26. Lvin and Steacie, Proc. Roy. Soc. 2084, 25 (1951

27. Hartley and Benson, ). Chem. Phys. 3%, 132 (31963).

28. Goldbnger, Huvbrechis, Martens, Mevers, and Olbrechts,
Trans. Faraday Soc. &1, 1933 (1965).

29. Kenright and Trenwith, J. Chem. Soc. 2079 (1959).

38, Anderson and Van Artsdalen, §. Chem, Phys. 12, 479
{1944},

31. 3uilivan, §. Phys. Chem. 5, 722 (1963).

32. Oge, §. Am. Chem. Boc. 56, 526 (1934).
33, Benson and O'Neal, J. Chem. Phys. 34, 514 (1961

v

Fettds and Trotman-Dickenson, J. Chem. Soc. 3037 (3961).
Christie and Frost, Trans. Faraday Soc. 6%, 468 (1965}
Benson and Buss, J. Chem. Phys, 28, 301 (1958,

Thommarson and Pritchard, §. Phyvs. Chem. 7§, 2307

34.
35.
36.
a7

(1966).



Perfluoroethyl Radicals

Reactants Notes E logo 4 Tempera- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER
(kcal mole 1} {mole™! cc sec™1) °C

H, 119 12.72 137-237 1NC,F),CO 1
(a) 124+0.2 13.20 146-3131 C,F,CHO 2
B, {a} 126 +0.2 12.45 135-339 | C,F.CHO 2
14.1+0.3 13.08 154259 | (CF LN, 3
CH, 106 11.62 150-272 | (C,F,),C0 1
CH, 8.7+0.2 12.18 84-226 | (CF N, 3
cyclo-C H,, 6.0+0.2 12.18 28-132 | (CF LN, 3
CF,CHO 9.7+0.2 12.40 138-220 | (C,F,5,N, 3
CF.CHO 45+0.2 10.49 27-307| C,F,CHO 4
49+0.2 16.74 135-339 C,F.CHO 2
CH,COCH, 8.4+0.2 1171 82-2201 (CF N, 3
CFCOCH, 5602 11.34 50-250 | C,F.COCH, 5

Motes References

. Price and Kuischke, Can. J. Chem. 38, 2128 (1960).
. Pritchard and Foote, J. Phys. Chem. 68, 1016 (19564).
. Pritchard, Dacey, Kent, and Simonds, Can. J. Chem. 44,
171 (1966).
4. Pritchard, Miller, and Foote, Can. J. Chem. 4@, 1830 (1962).
5. Thommarson and Pritchard, J. Phys. Chem. 78, 2307 (1966).

(2) These results are less reliable than those obtained from
perfluoro ketone systems,
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Metathetical Heactions of Halogenated Ethyl Radicals

Beactions Notes E logis 4 Tempera- Radical source Reference
ture range
{heal mole—1) {cm3 mole~1 sec—1) °C
CH,CH,CI+Cl, 0 CHyCHJCL, P 1,2
=CH,CICH, G+ 1
C,H,CL+C, © | 092005 1L75+0.2 25-55 | CHpCHCYyC, P 1,2,3
=(CH,CICHCL + 0
CHCLCH I+ ng 274 +0.6 11,7403 36-65 cis-CHCLCHCYCL, P 4,3
= CHCLCHCL + (i
C,HCL+Cl, ® | 5102 115+0.2 86-140 | CHCLCCL/CL, P 5,3, 12
=CHCLCCL+Cl :
CLL+CL=CLL+Cl (a) 5.5 11.3 87-247 | CCL:CCLICL, P 6,7
CF,CF,CH4Cl, @ | 08 30-60 | CFyCFJCL, P 13
= CF,CICF,CI+Cl
CFLL+CL=CFCL1 (@ 2.3 30-60 CF,:CFCYCY, P 13
+Cl
CFCLLFCI+ (L 3] 5.35 0.3 36-7¢ CFCRCFCHC, P 14
=CFCLCFCL+CI
C,F Br+ HBr= C,F Br, 51.2 13.67 855-1013 | H,/0,/C,F Br, S.T. 15
+H
Ratios of Rate Consiants (Halogenated Ethyl Radicals)
Reactions Notes Ei—E; logio A1/A4s kyfks Tempers- Radical source References
fure range
{kcal mole— ) °C
1) CHBr=CH, +Br
@ CH Br+ HBr=C,H Br+Br 14+2 25-54 | C,H /HBr i¢, 18
v radiation
1 C,HBr=CH, +Br
2) C,H Br+Br,=CH Br,+8r 8.1 5086 | C,H, /Br, P i7
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Motes

{a) Data on this reaction can also be found in references § to 11.

(b} The reactant radical is probably CHCLCClz

(¢} The reactant radical is prebably CH, C%CHC?-

{d) Calculated aamming zero activatim energy for the com-
bination of CF,CF,Cl radicals.

{e} Ca.‘tcuiated assumnr zero activation energy for the com-
bination of CyF3Cl, radicals.

{#y Caloulated assuming zero activation snergy for the com-
bination of CFCLCFCI radicals.

Beferences

1. Dainton, Lomax, and Weston, Trans. Faraday Soc. 58, 308
(1962).

2. Ayscough, Cocker, Dainton, and Hirst, Trans. Faraday Soc.
58, 318 (1962).

3. Ayscaugh, Cocker, Dainten, Hirst, Lomax, and Weston,
Proc. Chem. Soc. 244 (1961),

4. Ayscough, Cocker, Dainton, arzé Hirst, Trans. Faraday Soc.
58, 295 (1962).

3. Dammn, Lomax, and Weston, Trans. Faraday Soc. 53, 460
(1957).

6. Dusoleil, Goldfinger, Maheiu-Van der Auwers, Martens, and
Van der Auwers, Trans. Faraday Soc. 57, 2197 (1961).

7. Adam, Goldfinger, and Gosselain, Bull. S8cc. Chim, Belges
65, 549 (1956).
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8. Adam and Goldfinger, Bull
{1956).

9. Adam, Dusoleil, and Goldfinger, Bull. Soc. Chim. Belges
65,942 {19:36}

I8, Ackerman, Chiltz, Goldfinger, and Martens, Bull. Soc.
Chim. Belges 66, 325 (1957).

11, Chiltz, Maheiu, and Martens, Bull. Soc. Chim. Belges 67,
33 (1958).

12, Chiltz, Dusoleil, Goldfinger, Huybrechts, Mahieu, Martens,
and YVan der Auiem, Bull. Soe. Chim. Beages 68, 5 {‘939)

13. Castellano, Bergamin, and Schumacher, Z. Pkys» Chem,
27, 112 (1961).

14. Vallans, Castellano, and Schumacher, Z Phys. Chem, 46,
294 (1965).

15. Skinner and Ringrose, J. Chem, Phys. 4%, 4129 (1965

16. Armstrong and Spinks, Can. J. Chem. 37, 1210 (1959).

17, Schmitz, Schumacher, and Jager, Z. Phys. Chem. 318,
281 (1942),

18. Oldershaw ard Cvetanovie, J. Chem. Phys. 43, 3635
{1964).

Soc, Chim. Belges 65, 561

Review

1. Chiliz, Goldfinger, Huybrechts, Martens, zand Verbecke,
Ci'em Rev. 63, 355 (1963},
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Ratios of Hate Constanis (Carbonylcarbene Radicals)

Ratios of the form (1) CCO+ €0, = Polymer +nQ
(2) CCO+C e =Ly, + CO

Where Co,Ha, is an olefine, and C,11H,, is the diene and/or alkvne formed by addition of a carbon atem

Qlefine Motes ksl Tempera- Radical Reference
fure sSQuUree
CH, @ | 14 ¢ o, P 1
@ | 126 0 co, P 2
® | 279 0 o, P 2
CH,CH:CH, (@ | 3.93 0 o, P 2
( 9.72 0 C,0, P 2
CH,:CHCH,CH, @ | 1314 0 c,0, P 2
b | 3891 0 co, P 2
CH,:C(CH, {a) 14.04 0 €0, P 2
cis-CH;CH:CHCH, @ | 803 G ¢o, P 2
trans-CH,CH:CHCH; {a} 14.33 6 C,0, P 2
(CH,),C:CHCH, ) | 34.38 0 C,0, P 2
(CH,,C:CCH,), @ | 67.20 0 0, P 2
Motes References
{2) Photolysis at 2537 A. N 1. Baves, . Am. Chem. Soc. 84, 4077 (1962).
(b) Photolysis at > 3100 A. 2. Baker, Kerr, and Trotman-Dickenson, J. Chem. Soc. 9754
. {1566).
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Metathetical Reactions of Acetyl Radicals

Reactants Motes E fogied Tempera- Radical source Reference
ture range
{kcal mole—%) {em® mole? sec™?) °C
L+ CHCO g 12,6 222-268 | CH,CO/HI T 1
=CH,COI+1
~ Ratios of Rate Constants {Acetyl and Triflucroacetyl Radicals)
Reaction Notes E—E, logiedi/4; kerfks Tempera- Radical source Reference
ture range
{keal mole?) C
() CHCO=CH,+CO
(2) CH,CO + HBr ~13 106-300| CH,COCH, P 2
= CH,CHO + Br
(1y CHLO=CH,+CO :
2) CHCO+0,=CH,0+CQ, ~9 -~ 4.68 CH,COCH,/O, P 3
(mole cm™%)
(1) CH,CO+HI=CH,CHO+1]
@) CH,CO+1,=CHCOI+1 1.5 —G.47 222-268 | CH,COI/HI T i
(1) CF,CO=CF,+CO
(2) CF,C0O+ Br, {a) 6.0 — 4.7 19-251 | CF,COCF,/Br, 4 4
=CF,COBr+Br
MNotes
{a} Values very doubtful.
References

1. O'Neal and Benson, J. Chem. Phys. 37, 540 (1962},
2. Ridge end Steacie, Can. J. Chem. 33, 383 (3955).
3. Cerfomtain and Kutschke, . Am. Chem. Scc. 84, 4017

(1962},

4. Tucker and Whittle, Trans. Faraday Scc. 61, 484 (1965).
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Ratios of HEate Constants (Ethoxy Radicals)

Reactions Notes Ei—E, logiedif/A, erfke Tempera- Radical source | Reference
tire range
: {kcal mole?) L
(1) €,H.0+(C,H,),CO
= C,HOH
+C,H,COCH,
@ CHO0+0, 0.1+0.05 35 (C,H,),C00, P 1
= CH,CHO+ HO,
(1) CH,O+(CHN, 0.6+6.3 18 | (CH)NJO, P 2
=, H OH
+ CHN,CH,
2 CHO+O, L1+04 152 (CH NSO, P 2
={H,CHO+HO,
(1) CHO=CH, +CHO
2) C,H.0+C,H,CO0C,H, 75%1 20-195 | C,H,COOC,H, P 3
=CHOH+CHO,
Note: For further data on ethoxy radicals see reference 4. 3. Wijnen, J. Am. Chem. Scc. 82, 3034 (1960).
4. Heicklen and Johnston, §. Am. Chem. Soc. 84, 4394 (19562).
References
Review
1. Jolley, J. Am. Chem. Soc. 79, 1537 (1957).
2. Cerfontain and Kusschke, §. Am. Chem. Sce. 84, 4017 1. Gray and Williams, Chem. Rev. 59, 239 (1959).

{1852},
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Metathetical Beactions of Allyl Badicals

Reactants Notes £ logied Tempera- Radical source Reference
fure range
HYDROGEN ATOM TRANSFER
{kcai mole™') {cm® mole~t sec—?) °C )
eyelo-CH 31.8+36 450-514¢ | CH,COCH, P i
CH.LCH, {a) 4o 17 459-592 ) CH,.CHCHBr T 2
CH,:CHCH,CH(CH,), 12 450-53¢ | CH,.CHCH,CH 3
{CHY), T
Note Heferences

{a) Calculated assuming 2 steric factor in the range 141

to 1072

5059 (1959).

1. Gordon, Smith, and McNesby, J. Am. Chem. Sce. 81,

2. Szwarc, Ghosh, and Sehon, §. Chem. Phys. 18, 1142 (1950).
3. Taniewski, J, Chem. Soc. 7436 (1965).

=]
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Metathetical Beactions of n-Propyl Radicals &

Reaciants Notes £ log;ed Tempera- Radical source Reference
1re range
HYDROGEN ATOM TRANSFER
{keal mole™Y) {em® mole~? sec™?) °L
n-CH.CHO 6.7 118 98-361 | n-C,H,CHO P 1
n-C B CHO 10.8 118 191-386 | n-C H,CHO P i
(n-C,H),CO 6.5 10.4 55-161 | (»-C,H),C0 P 2
HCOOCH, CH,CH, 7.6 109 74-178 | CH,COCH, P 3
(n-C,H),N, 79 11.3 25-291 | (n-C H N, P 4

{a) The rate constanis are based on log & (cm?® mele~! sec™)
= 10134 for the combination of n-propyl radicals.

Ratios of Hate Constants (n-Propyl Radicals)

Reactions

Notes

iyfky Tempera-
ture range

Radical Refer-

seUrCce ence

(1) n-CH,+HI
=CH,+1

@n-CH,+1,
=CHI+]

(1) 5-CH,+1,
=CHi+1
@ n-C,H,+NO

=C,H,NG

(1) n-CH,+1,
=CHI+1

@) n-CH,+0,
=CHO,

°C

0.11 290

22

25

25

nCHUHI T 56

n-CHINO P

-3

nCHE0, P

-3

Note

921 (1959).

3OV g o B

Beferences

. Masson, J. Am. Cherm. Soc. 74, 4731 (1952).

. Thynne, Trans. Faraday Soc. 38, 1394 (1962).
. Kerr and Calvert, J. Am. Chem. Soc. 83, 3391 (1951).
. Benson and ('Neal, 1. Chem. Phys. 34, 514 (1961).
Ogg, §. Am. Chem. Soc. $6, 526 (1934).
. Christie and Frost, Trans. Faraday Soc. &1, 468 (1965).

i, Kerr and Trotman-Dickenson, Trams. Faraday Soc. 85,
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Metathical Reactions of isopropy] Badicals @

Reactants Notes E logsed empera- Radical seurce Reference
ture range
HYDROGEN ATOM TRANSFER
Hydrogen {keal mole™) {em® mole™! sec™t) °C
H, 12.5 260-320| CH,CH:CH, +H i
Alkenes
eyclohexadiene-1.4 6.5 114 75-136 | G-CHCO P 2
cyciohexadiene-1,3 1.3 £0.7 115504 42-133 | (-C H),CO P 3
Aldehvdes and
Ketones
i-C,H,CHO 9.5 10.7 283-377! iC,HCHO P 4
CH,CHO 6.3 10.8 117-354 | #C H,CHO P 4
(-C,H,),C0 85+0.1 111 100-400 | (-C,H),CO P 5
[{CH,),CBLCO h) 9.3+0.3 166 200400 | [(CH,,CDLCO P 6
[{CH,),CDLCO by | 1L7+LI 11.3 300-400 | {(CH,),CDLCO P 6
Ester
HCOOCH(CH,), 6.6 9.9 94-181 | CH,COCH, P 7
Azo-compound
(-C,H),N, 6.5+0.5 9.9 30-120 G-CH)N, P 8
6.7+0.4 10.9 35-127{ G-CH)LN, P 9
Ratios of Rate Constants (Isopropyl Radicals)
Reactions Notes E,—E, logied /4, kyfks Tempera- Radical source Reference
ture range
{keal mole™) °C
4y CH +L=CHI+I
2y i-CH, +NO=CHNO 22 25 -CHNO P 10
h -CH +L=CHI+]
2y +CH, +0,=CHO, -3 25 -C H O, P 16
(1) i-CH, +-CH T e) 520(31304) 35 iCHY P 11
=C H+CH, +1
2 G H =i CH T+ (e} 17023004 35 fCHYL P 11
{1} CH,+0,=CH, +HO,
@ CH, +0,=C,H,0, @ | 190 6.6 345-472| C /0, T 12
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Motes

{a) The rate constanis are based on log k {em® mole—! sec~1}
= 17** for the combination of isopropyl radicals,

(b} The attacking radical is (CHa)CD.

(¢} The difference in values is due to & hot radical effect. The
value at 313C A spproximates 1o the correct value for thermally
eguilibrated isopropy! radicals.

{d) Summary of a large body of Hiterature date. The propyl
radical is probably a mixture of n and isopropyl

References

1. Hoey and Le Roy, Can, J. Cher. 33, 580 (1955).

2. James and Suart, J. Am. Chem. Soc. 86, 5424 (1964),

3. James and Suart, ], Phvs. Chem. 69, 9362 {1965).

4, Kerr and Trotman-Dickenson, Trans. Faraday Soc. 35,
921 (3959).

5. Heller and Gordon, J. Phys, Chem. 68, 1315 (1956),
6. Heller and Gordon, J. Phys. Chem. 62, 709 (1558},
7. Thynne, Trans. Faraday Soc. B8, 13%4 (1962).
8. Durham and Steacie, Can. J. Chem. 31, 377 (1953).
9. Riem and Kutschke, Can. J, Chem. 38, 2332 (1960).
10. Christie and Frost, Trans. Faraday Sec. 61, 468 (1965).
11, McMillan and Noyes, J. Am. Chem. Soc. 89, 2108 (1958).
12, Sattersfeld and Reid, §. Phys. Chem, 59, 283 (1955).

Perfluoroprepy! Radicals

Reactants Notes E logiad Tempera- Radical source Reference
ture range
HYDROCEN ATOM TRANSFER
{kcal mole ) {mole=% cm? sec™¥) °C
H, 123404 12.64 125-243 | (n-C,F,),CO 1
{a} i2.1+02 12.86 i57-319 | C,F,CHO 2
D, 13.8+0.5 12.78 (n-CF),CO i
by | 129+08 12.69 85-182 | (n-C,F,),CO 3
@ | 14001 12.98 165-297 | C,F,CHO 2
CH, 9.5+0.5 10.99 76-166 | (n-C,F,),CO 3
CH, © | 9.2+05 12.24 87-196 | (n-C,F,),CO 3
cyclo-CH,, 5.2%0.1 11.08 25-290 | (n-C,F,),CO 4
C,F,CHO © | 40+03 10.27 28-315 | C,F,CHO 5
5.5+0.2 16.98 165-297 | C,F,CHO 2
CH,COCH, 7.2+04 11.83 27-306 | C,F,CHO 3
CF . COCH, 84+03 11.77 80-362 | C,F,COCH, 7
Motes References

{a) These results are less relizble than those obtained from
perfluore ketone systems.

(b} Assuming k=10199 exp (—9300/RT) for the reaction
n-CJv"rCquCngH—i—CHg.

{c) For both these compounds it seems likely that errors have
been made in the determination of the activation energies,
although the rate constants were probably of the correct
magnitude.

. Miller and Steacie, J. Am. Chem. Soc. 883, 6486 (1958).
. Pritchard and Foote, J. Phys. Chem. 68, 1516 (1964).
. Giacometti and Steacie, Can. J. Chem. 36, 1493 (1958).
. Pritchard and Miller, J. Phys. Chem. 63, 2074 (1959).
. Pritchard,. Miller, and Foote, Can. J. Chem. 46, 1830
(1962).
6. Pritchard, Hsia, and Miller, J. Am. Chem. Soc. 85, 1568
(1963},
7. Pritchard and Thommarson, §. Phys. Chem. 9, 1001 (1965).

Lt QO B b
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Metathetical Reactions of Halogenated Propyl Radicals

Reactions Notes E logied Tempera- Radical sougce Reference
ture range
{kcal meley) {cm® mole) sec™?) °C

CCLCH,CH, + CCLBr 34 8 103-193 | CHJCCLB: P 3

=CC1CH,CH,Br

+CCl,
ICH,CH,CH, +1, @& |65 125 eyelo-C HJ, T 2

= ICH,CH,CH,I+1

Note References

{a) Estimated from the equilibrium constant and collision

theory.

1. Tedder and Walion, Trans. Faraday Scc. &8, 1769 (1964).
2. Benson, J. Chem, Phys. 34, 521 (1961).
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Batios of Rate Constants (Isopropoxy Badicals)

BReaction Notes E\—E,; logsodi/As kilks Tempera- Radica! scurce Reference
fure range
{keal mole') °f
(1) -CHO=CHCHO+CH,
2y -C H,O+(CHy, <& 28 CHCOOCH(CH,), i
CHOOCCH, P
=i-CHOH+R
(1) i-CH,0=CH,CHO+CH,
2 i-CB0+NO 16 175-200 | (CH,,CHONG T 2
= CH,COCH,+ HNO
(4 -CH O+ CH,CHO
=i-CH,OH-+CHCO
@ CHO+ECHD), 27+4 26 €-CH,O), e 3
=i HOH+R
Heferences Review

w B

Wiinen, }. Am. Chem. Soc, 82, 1847 (1960).
. Ferguson and Phillips, J. Chem. Soc. 4416 (1965).
. McMillan, J. Am. Chem. Soc. 83, 3018 (1961).

1. Gray and Williams, Chem. Rev. 59, 239 (1959).



Metathetical Reactions of Buiyl Radicals

Reactants Notes | E logied Tempera- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER
{1} n-butyl radicals (a) {kcal mole?) {cm® mole* sec™?) °C
»-CH,CHG 5.4 6.9 61228 |n-C HCHO P H
BCOOCH,CH, 5.3 10.2 75-186 |CH,COCH, P 2
CH,CH,
{it) sec-butyl (@)
radicals A
CH,CH,CH 4.9 10.7 25-349 |CH,CH,CH 3
(CH)CHO (CH)CHO P
(iii) iso-buatyi
radicals @
C B,CHO 12.7 0.2 12.62+0.05 176279 |iC H,CHO P 4
-C H,CHO 6.5+0.1 11.71 =0.07 117-230 | -C B CHO P 4
(-C H,,C0 76 114 78-19 [ G-C,H),CO P 5
() 68+0.2 11.06 = 0.09 4
{iv) t-butyl radicals (b}
(CH,),CCHO 0.0 11.2 240-386 | (CH,,CCHG P 6
(CH,),CCHO {d) 4.3 9.8 60-386 | (CH,),CCHO P 6
Ratios of Rate Constants (¢-Butyl Radical)
Reaction . Notes E—FE; logiedi/As kafks Tempera- Radical sourcc; Reference
ture range
{keal mole=%) °C
(1) :CH +HBr=CH, +Br
2 +-C H;+Br,=CHBr+Br 8.0 5,11 40-85 (CH),CH/Br, T -7,8,9
() +CH,+HI=CH, +1 0.226 526 1 V
@ +CH+L=CHI+I 0.234 552 b ICH,),CH/L, T 8
$.251 583 3
Motes References

(a) The rate constants are based on log & (cm® mele™? sec™1)
= 10" for the combination of n-, sec-, and ise-butyl radicals,
(b) The rate constants are based on log & (em® mole~! sec)

== 10125 for the eombination of :-butyl radicals.
{c) Recalculation of data from reference 5.
{d) This value of the activation energy is probably low.

. Kerr and Trotman-Dickenson, J. Chem. Soc. 1602 (1560).

(1960).

3

2. Thynne, Trans. Faraday Soc. 58, 1533 (1962).

3. Gruver and Calvert, . Am. Chem. Scc. 78, 5208 (1956).
4. Metcalfe and Trotman-Dickenson, J. Chem. Soc. 5072

5. Kraus and Calvert, J. Am. Chem. Soc. 7%, 5921 {1957).
6. Birrell and Trotman-Dickenson, . Chem. Soc. 4218 (1960).
7. Eckstein, Scherags, and Van Arisdalen, J. Phys. Chem.

22, 28 (1954;.

8. Teranishi and Benson, J. Am. Chem. Scc. 85, 2887 (1963).

9. Benson and Buss, J. Chem. Phys. 28, 301 (1958).
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Metathetical Reactions of t-Butoxy Radicals

Reactants Notes E logiod Tempera- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER
{keal mole?) (cm?® mole™ sec™) o
(CH,),CH 4.0 10.8 25-79 |BTBP. P 4
Ratios of Rate Constants (¢-Butoxy Radicals)
Reaction Notes E.—~E, loged/A4z erfkes Tempera- Radical source Reference
ture renge
{kcal mole~?) °C
(1) (CH,),CO+CH,0
={CH,),COH+ HCO
(@) (CH,,CO (3.8+08) 135 DTBP. T 1
=CH,+CH,COCH, X 1P om®
mele!
(1) (CH,,CO+ (CH,,CO),
={CH)COH+R
{Z) (CH3)3C0 —3 25~7% 1 D.T.B.P. P 2
= CH,+CH,COCH,
(1) (CH,),CO+(CH,),NH
={CH),COH+R
@) (CH,),CO ~12%2 129-154 |D.TBP. P 3
=CH,+CH,COCH,
References Review

1. Hoare and Wellington, 8th Int. Comb. Symp., p. 472
(Williams and Wilkins 1962).

2. McMillan and Wijnen, Can. J. Chem. 36, 1227 (1958).

3. Brinton and Volman, J. Chem. Phys. 2§, 25 (1952).

4. McMillan, J. Am. Chem. Soc. 82, 2422 (1960).

1. Gray and Williams, Chem. Rev. 59, 239 (1959).



Metathetical Beactions of Peracid Radicals

Beactants Notes E logiod Tempera- Radical source Reference
ture range

HYDROGEN ATOM TRANSFER

{i} Peracetic Badicals {kcal mole) {cm® mole~* sec™ °C
CH,CHO E={(8.05+2.40) X 10° 20 | CH,CHOJO, P i
(it} Perpropionic
Radicals
C,H.CHO k=1(4.35 tg@.@l} X 107 22 { C,H,CHO/O, P i
Ratio of Rate Constants (Peracid Radicals)
Reaction Notes E.—E, logiod: /4y kalks Tempers- Radical source Reference
ture range
(i) Peracetic Radicals 1 (kcal mole™) °C
(1) CH,CO,+ CH,CHO Ei—$E:=7221.0
=CH,COH+CHCO
@) 2CH,CO, 20-30 | CH,CHO/O, P 2
={CH,C0),0,+0,
{if) Perpropionic Radicals
I C,H,CO,+ CHCHO Ey—$E;=6.75+0.5
=CHCOH+CHCO
@ 20,H.C0, 2047 | CH,CHO/O, P 3
=(C,H.C0),0,+0,
References
1. McDowell and Sharples, Can. J. Chem. 36, 268 (1958).
2. McDowell and Sharples, Can. J. Chem. 36, 251 (1958).
3. McDowell and Sharples, Can. J. Chem. 36, 258 (1958).
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Metathetical Reactions of Peroxy Badicals

Reactants Notes E logied Tempera- Radical source Reference
wre range
HYDROGEN ATOM TRANSFER
@} Isabhutyl peroxy {keal mole™) {em® mole™ sec™?) °C
radicals
(CH,),CH fa) (by | 160 4% 10787 327-427 | (CH),CH/O, —H 1
{it) Cyelohexeny! per-
oxy radicals
eyclohexene (ay by 7.0 610777 152-352 ¢ € H, /O, ~H 1
(iii) Isopropyl ben-
ZENE DEFOXY
radicals
C,H,CHCH,), @ & | 7.0 210797 252-357 | C,H,CH(CH,), —H i
Notes Reference

(a) The peroxy radical is the radical formed by oxygen addi-
tion to any hydrecarbon radical produced in the primary act.

(b} “Z” is the collision number.

S0

i. Burgess and Robb, Trauns. Faraday Soc. 54, 1015 (1958).



Metathetical Reactions of Phenyl Radieals

Reactants Notes E logied ® Tempera- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER
{(kcal mole™) {cm® mole™ sec™) °C

H, 6.5 10.97 180-350 |(C,H)He P 1
CH, 15 1119 180-350 |(CH,),Hg P i
111 119 277-407 | CH,COCH, P 2
eyelo-C H, 8.5 1.4 310-407 |CH,COCH, P 2
PG, 6.7 11.8 277-407 |CHLCOCH, P 2
CH,COCH, 6.2 116 277-407 | CH,COCH, P 2
CF,H 5.2 10.17 180-350 |(C,H)He P 1

ROUP TRANSFER REACTION
CH, +CHCOCH, 6.2 9.6 271407 |CH,COCH, P 2

=C,H,CH, + CH,CO
Note Beferences

{a} These values are based on log £ (em® mole™? sec~1)= 10%

for the combination of phenyl radicals.

247-1868 O-67—7

1. Fielding and Pritchard, J. Phys. Chem. 6., 821 (1962).

2. Duncan and Trotman-Dickenson, J. Chem. Soc. 4672 {1962).
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Ratios of Rate Constants (Tolyl Radicals)

Reactions Notes E,—E; logiodsf Az kslks Tempera- 7 Radical source keference
fure range
{kcal mole ) °f
(1) CH,CH,+CHCH),
=CH,CH,
+CH,CH,CH,
2y CH,CH,+D, {a) 18.7 700 | (CH,),CH/D, T 3
=CH,CHD+D
1) p-CH,CH,+CH/(CH,),
+CH,C,H.CH,
%) p-CH,CH,+D, (b) 24.6 484 | pCH,CE/D, T 2
=CHCHD+D
Notes References

{a)} No distinction was made between the o, m, and p xylenes.
(b) There appears to be a misprint in the original paper. The
mumbering of the reactions has been reversed.

1. Burr and Strong, J. Am. Chem. Soc. 86, 5065 (1964).
2. Burr and Strong, §. Chem. Phys. 43, 1432 (1963).



Hydroxyl Hadieals

Reactants Notes E logio4 Tempers- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER

Hydrogen {keal mole™ ) {em® mole™ sec™} °C
H, 110 14.52 1065-216 | H,0/ discharge H
k=20 10 526 H,/0, ignition 2
{a) 10.0 14.1 3
10.0 14.40 H,0, flames 4
E=43X 108 a7 NG,/H reaction 5
(b} 58+1.0 13.80 £0.7 27-1700 6
b={3.5=0.3) % 1{® 27 H,/ discharge 7
b} (o) | 5.0(3;£06 13.13(13.33) 27-799 8
b (&) 1 53665 086 13.33(1349) 27-799% 9
k=1.1% 101 642 H,/0, flame 10
E=(33x0.2) X 10¥ 27 NO,/H reaction 11
{b) 5.2 13.36 271677 i1
6.4 14.17 687-807 | H,/C, ignition 12

Alkanes
CH, 8.3 14.38 H,0/ discharge ‘13
9.0 14.54 1027-1527 1 CH/O, flame 14
Fo==2 X 1083 1377-1567 ; CH,/O, flame i3
6.5 14.15 930-1530| CH, /O, flame 16
{d) 7.9 14.36 17
C,H, k=2 x 10w 1400-1706 | C,H,/O, flame 18
7.3 14.44 50-237 | H,0/ discharge 19
C,H, E=1x1¢8 977-1127 | C,H, /0, flame 20
6.4 14-60 71178 | H,0/ discharge 19
C,H, 5.5 14.11 65-228 | H,0/ discharge 19
=2.5 X 1% 1147-1337 | C,H,/H,/0, flame 34
(e} E=21X101 520 H,/0, ignition 21
k=5 >E< 1022 1027-1227 | C,H,/O, flame 20
CH, (e k=4.2X10% 520 H,/0, ignition 21
nCH,, E=5.8x 10 520 H,/0, igaition 2
i-CH,, E=3.2X101 520 H,/0, ignition 21
Aldehydes
HCHO .9 14,11 73-216 | H,0/ discharge 22
(b} 1390 15.7 73-133% 20
CH,CHO 4.0 13.53 53-209 | H,0/ discharge 22
Aecid
HNO, E=1.0 X 10 27 HNO, flash pheo- 23
tolysis
Halogenated Alkane

CH,Br k== 1.5;X s 1527-1727) CHJ/O, flame 24
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Hydroxyl Badicals — Continued

Reactants Notes E fogied Tempera- Radica! source Reference
ture range
{kcal moleY) {em® mole™! sec™ 1} °C
OXYGEN ATOM TRANSKFER
O {g) 7.0 13.08 70-203 | H,0/ discharge 3
{a} 5.7 12.46 2
k=G 108 1677 CH,JO, flame 15
{h) 5.7 12.46 17
{b) 7.7 12.85 1271727 20
4.0 12 11071447 | Bame study. 25
(b) 6.2 0.6 126=0.3 1971677 8
by {&) | 0.5(0.8) =06 150117 =03 260800 8
b={1.15204.5) x 101 27 O,/H reaction i1
(b} 0. | 11.49 2711677 11
|
MISCELLANEQUS REACTIONS
OH+F,=HF+F+0 18.8 15.3 F/H,0 fames 26
18.0 13.85 497-557 | F,/H,0 ignition 26
Hydroxy! Radicals (Rate Constant Batios)
Reaction Notes £ —Ey logiedi /4y ke Tempera- Radical source Reference
ture range
{keal mole™) °C
(1) CH,+OH=CH +HO £y 12 548 H,/O, ignigion 27
2 H + OH=H+H0
(1) CH+OH=CH, +HO0
@) H,+OH=H+H,0 @ 27 520 H,/0, ignition 21
(1) nnCH, +OH=CH +HO
(2) H,+OH=H+H0 i) 36 520 H,/O, ignition 27
(B L0 H +OH=CH +H0
2y H,+OH=H~+H0 () 20 526 H,/0, ignition 27
(1) BCHO+OH=HCO +H,0
(2} H,+OH=H~+H,0 () 42 540 H, /O, igniticn 27
{1 i(;‘,H.,}' i+ O
=(C,H}Si. i”£‘%4+ﬁz{}
& B,+0 ﬁ =HA Re N 74 520 H,/O, ignition 27
A28 15 5.7 447 H,/G, ignition 28
7.3 500 H,/G, ignition 29
5.5 448 H,/Q, ignition 30
4.3+8.3 446 H,{0, pyrolysis 27
4.7 500 H, combustion 27
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Hydroxyl Radicals (Bate Constant Hatios)—Continued

Reaction Motes Fy—Ey logsed /42 kalky Tempera- Radical source Beference
ture range
(keal mole™ ) °0
() H,+OH=H+HO

{2y C(‘ + OH = {A} +H 40+43 1.49 = 0.7 200350 ?;'2@ photolysis 31
5.0 520 H,/0, waition 27
3.3 CO/H, combustion 27
(b) 5.16 1.98 5001002 27
by 4.6 +0.3 187 271002 i1

) B,+0H=D+HDO
2} CO+0OH=C0,+H 6403 2.20 + 0.09 206-300 | H,O photolysis 31

(1) CH,+OH=CH,+H,0
03] CG-’rOh CO,+H 1.3 2.28 400-650 | H,0, pyrolysis 32
(1) HCHO+ OH=HCO+H,0 33 525 H,O, pyrolysis 32
@ CH,+OH=CH,+H,0 27 &G0 H,0, pyrolysis 3z
22 650 H,0, pyrolysis 32
33 560 CH, combustion 33
RNotes 12. Bkinner and Ringrose, J. Chem. Phys. 42, 2390 (1965).

(a) Used at fame temperatures.

(b} Critical survey of Hierature data.

{e) 2H, (OH)=9.33 (10.0) keal/mole.

{d) This value was used by the authors in the region 1000
1500° but its origin was not siated.

{e) Measured relative to OH+H,=H,0+H, for which
E=1.6X10° at 520 °C.

£} Calculated on the assumption theat oxygen atom reactions
ceuld be neglected.

{g) The producis of this reaction are CG, + H.
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Metathetical Reactions of Hydroperoxyl Radicals

Reactants Notes E logied Tempera- Radical source Reference
ture range

HYDROGEN ATOM TRANSFER

{kcal mole™Y) {cm?® mole™? sec™} °¢
H, 240 11.08 H,/0, ignition 12
: E=11xX1 500 H,/O, ignition 3
14.8+22 617-1007 | H,/0, ignition 4
k=13 108 500 7
34.6 1651 687-807 g
H,0 {(a} 8.0 8.1 800615 | H,/O, ignition 1,8
b} 30.0 13.26 800-615 | H,/O, ignition 2

Ratios of Rate Constants (Hydroperoxyl Radicals)

Reactions Notes Ei—F, logiAild, kyfkes Tempera- Radical source Reference
ture range :

{kcal mole™) °C
{1} CO0+HO,=C0,+0OH
2) H,+ HO,=H+ H,O, 952 500§ H,/CO/O, ignition 3
(1) HCHO +HO,
=HCO+H,0, .
2) CO+HO,=C0,+0H 340 5251 CH,/O, T 6
Raotes 2. Kondratiev, Dokl. Akad. Nauk. S.8.8.R. 137, 120 (1961).
3. Baldwin and Mayor, Trans. Faraday Soc. 56, 103 (1960).
{a}) These values must be rejected on thermochemical grounds. 4. Mlyan}a and Takeyama, §. Chem. Phys. 41, 2287 (1964).
(b} Is a recalculation of data from (a) 5. Baldwin, Jackson, Walker, and Webster, 10th Int. Comb.
Symp. Comb. Inst., p. 423 (Pittsburgh, 1965).
6. Blundell, Cock, Hoare, and Milne, 10th. Int. Comb. Symp.
References Comb. Inst., p. 445 (Pittsburgh, 1965).
7. Dixon-Lewis and Willlams, Nature 196, 1309 (1962).
1. Voevodsky, 7th. Int. Comb. Symp., p. 34 (Butierworths, 8. Poltorak and Voevodsky, Zhur. Fiz. Khim, 24, 299 (1950).
London. 1959). 9. Skinner and Ringrose, J. Chem. Phys. 42, 2190 (1965).
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Metathetical Reactions of Imino Radicals

Resctants Motes E logied Tempera- Radical source Heference
ture range
HYDROGEN ATOM TRANSFER
(keal mole™) {cm® mole™ sec™) °C
HNCO {a) 3.6 —31-200 | HNCO P 1
Note Reference

{a} The products of this reaction are NH; and NCO.

1. Mui and Back, Can. J. Chem. 41, 826 (1963).



Metathetical Beactions of Aminoe Radicals

Reactants Notes E logsed Tempera- Radical source Refer-
ture range ences
{keal mole ) {cm® mole~? sec™?) °C
NH, +DMNH, k="79X 1010 25 1
=NH,+N,H,
17 i35 830-1130 | N,H, s.T. 4
NH, +0,=NH+HO, 425+12 1277-2027 | NH,/0,  S.T. 2
Metathetical Reactions of Amino RBadicals
Ratios of Rate Constants
Reactants Notes E,—E, logieds/ Az kifks Tempera- Radical source Reference
ture range
{kcal mole=) °C
(1) NH, + (CH3)N - NH.
= NH, +(CH,),N-NH
{2) NH,+(CH,,N-NH, 6.6 % 1073 250 {(CH,NNH, T 3
= NH:; -+ (CH:;)(CHQ)N‘NHZ
References 3. Cordes, J. Phys. Chem. 65, 1473 (1961).

1. Diesen, J. Chem. Phys. 39, 2121 (1963).
2. Takeyama and Mivama, J. Chem. Phys. 42, 3737 (1965).

4. Michel and Wagner, 10th Int. Comb. Symp. Comb. Inst.,
p. 353 (Pittsburgh, 1965).
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Metathetical Reactions of Difluorcamine Radieals

Reactions Notes I loged Tempera- Radical source Reference
ture range
HYDROGEN ATOM TRANSFER
Alkanes (kcal mole~1) {cm® mole~! sec™) °C
n-CH, 22,26 £0.08 11.83 £0.04 180-282 | N,F jnCH, T 1
i-CH,, 18.48 +£6.10 10.49 + 0.04 155-282 | NFiCH, T 1
eyelo-CH,, 19.91=0.11 16.93 ©6.05 180-282 | NJF Jeyelo-CH, i
neo-CH,, 26.68 £0.07 13.22£6.03 180-282 | N,F fneo-CH,, T 1
Ketene
CH,COCH, 19.56 £6.11 16.71 £0.05 170-280 | NF /CH,COCH, T 2
FLUORINE ATOM TRANSFER
F,0 22.5+0.7 14.01 120-176 | NF/F,0 T 3
Heferences 2. Grzechowiak, Kerr, and Trotman-Dickenson, J. Chem.
Soc. 5080 (1965).
1. Grzechowiak, Kerr. and Troiman-Dickenson, Chem. 3. Rubinstein, Sicre, and Schumacher, Z. Phys. Chem. 43, 64
Comm. 109 (1965). (1964).
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Metathetical Reactions of Nitrate Radicals

Reactions Notss E logie 4 Tempers- Radical source Reference
{ure range
{keal mole~1) (em?® mole~! sec™*) °C
NQ,+NO=2NG, k=6 % 10 27 1
14+25 13.8 NG, 8T 2
k= 2.7 X 1412 27 NG,/O, P 3
L7 [12.62 200-556 | Ng, ~ T 4
A RSl 25 NG, F.P. 5
NG, + NG,=NO,
+ NG+, 3.9%1.0 11.22 27-547 §{ N,O, 8.7. 1,2
3.2+10 11.07 047 200-550 | NO, T 4
NG, +NOCI=NO, i
+NQ,C1 (a) k==T7.0X 107 49 KROCHO,IN,0, T 6
e 2.3; et 40 2
Ratios of Rate Constants
Reactions Notes E.—E, logiodi/A. kilks Tempera- Radical source Reference
ture range
(kcal mole—t) °C
(1) NO,+NO=2NO,
(2) NO,+NQO,=NO,
+NO+0, 434 NQG, T 7
(b) 1.4 2.2 20-30| NO/N,O, T 8,9
{c} 2.3 3.2 20-3¢ NOIN205 T 8,9
Rotes 2. Schott and Davidson, J. Am. Chem. Soc. 88, 1841 (31958).
3. Ford, Doyle, and Endow, §. Chem. Phys. 32, 1256 (1960}
{2) The A4 factor was assumed, only the rate constant was 4. Ashmore and Burnett, Trans. Faraday Soc. 58, 253 (1962).
determined. 5. Husain and Noerrish, Proc. Rov. Soc. 2734, 165 (19563).
() At 400 mm total pressure. 6. johnston and Leighton, J. Am. Chem. Sec. 753, 36312 (1953).
{e) At 57 mm total pressure. 7. Ashmore and Levitt, Research 9, 825 (1956).
8. Hisaisune, Crawford, and Ogg, I. Am. Chem. Soc, 7 9}

Beferences

1. Davidson and Schott, §. Chem. Phys. 27, 317 (1957).

4648 (1957),

9, Hisatsune, McHale, Nightingale, Rotenberg, and Crawford,
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3. .Chem. Phys. 23, 2467 (1955).
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Metathetical Reactions of Thivl Radicals

Reactant Note E logia 4 Tempera- Radical source References
ture range
HYDROGEN ATOM TRANSFER
- {keal mole— 1) {em?® mole~* sec™ 1) ¢
CH,OCH, @ |68 1 360-440 |CHOCH/H,S T 1,2
Notes EBeferences

{z} For further data on systems containing HS radicals, ses

reference 3.

1. Imai and Toyama, Bull. Chem. Sec. Japan 34, 328 (1961).

2. Anderson and Benson, J. Chem. Phys. 39, 1677 (1963).
3. Imai, Yoshida, and Toyamsa, Bull. Chem. Soc. fapan 35,

752 (1962).

1601
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Beactions of Chloeromonoxy Badicals

Reactions Notes E logg 4 Tempera- Radical source Reference
: ture range
{kcal mole ) {cm® mole=? sec™ 1) °C
Cio+ CLO=C10,+ (] k=10 CLO LN H
CIO+CLO=Cl+ 0,
+Cl, k=5.3 X 107 CLO F.p 1
CIO+NO,Cl=NQ,
+CL+0, ~17 90-130| No,&1 T 2
Ratios of Rate Constants {(Chloromonoxy Radiecals)
Reactions Notes E—F, logso A1/A2 feslks Tempera- Radical source Reference
ture range
{kcal mole—13 L
(1) CIo+ CH,=HOCL
+CH,CHCH,
{2 CIO+C H,=HOC
+CH,CH,CH, 7.2+05 wo leHoo T 3
References
1. Edgecombe, Norrish, and Thrush, Proc. Koy, Soc. 2434,
24 (1957).
2. Cafferats, Sicre, and Schumacher, Z. Phys. Chem. 29,

188 (1961).
3. Phillips and Shaw, Proc. Chem. Soc. 294 (1962).
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Heactions of Borine Hadieals

HReactants Notes E log 4 Tempera- Radical scurce Reference
ture range
(keal mole—*) {cm® mole~? sec— 1) L
BH,+BH =BH +H, 11.5 1106 i, 9
BH,+ B,D,=BH.BD, :
+BD, 6.0 14.2 %44 1 BH/MBD. T 4,5,6,3
7.8 13.45 1
BH +BH CO=BH,
+CO 7.8 114 -3¢ | BHCO T 7,4, 3
BH,+H,O0=BH,0H
+H, & 11.28 51 BHJ/HO T 8,9
BH +HD=BH,D+H, 7 116 9
Ratios of Rate Constants Involving Borine RBadicals
Reaction Motes E,—E, log A1/ 4, kilky Tempera- Radical source Reference
ture range
{keal mole™?) °C
{1 BH,+B,D,=BD,BH, +BD,
{2) BH,+D,=BH, D+ HD 0.25 55 BH/D, T 2,3
(1) BH,+0,=BH,0H+0
2y BH, +0,+M=HBO,
+H,+M 2.0 156200 | B,H /O, T i
Heferences 5. Trotman-Dickenson, “Gas Kinetics,” p. 237 et seq. (Butter-
worths, London, 1955).
1. Roth and Bauer, 5th Int. Comb. Symp., p. 730 (Reinhold, 6. Maybury and Koski, J. Chem. Phys. 23, 742 (1953).
N.Y., 1955). 7. Burg, . Am. Chem. Soc. 74, 3482 (1952).

2. Marcus, }. Chem, Phys. 23, 1107 (1955),

3. Garabedian and Benson, [. Am. Chem. Sec. 86, 176 (1964). 9. Bauer, 1. Am. Chem. Sce. 78, 5775 (1956).

4. Bauer, Shepp. and MeCoy, J. Am. Chem. Soc. 75, 1603
(1953).

Yot
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8. Weiss and Shapirc, J. Am. Chem. Soc. 735, 1221 (1953



Metathetical Reactions of F380 and FS0O: Radicals

Reactions Notes E logis 4 Tempera- Radical source Reference
ture range
{kcal mole—1) {cm® meole~t sec™?) °
F,80+F,=FSO+F 10.0+2 5-20 | F,/F,S0 P 1
FSO,+F,=F,80,+F 14.7+18 8.68 230-250 | F,/F,5,0, T 2
Eeferences

1. Castellano and Schumacher, Z

(1964).

. Phys. Chem. N.F. 4@, 51

{1965).
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2. Castelleno and Schumacher, Z. Phys, Chem. N.F. 44, 57



Radical Disproportionation Reactions

The reactions are classified in the same order as the tables of radical reactions. Thus the first set of reactions are those involving stoms,

followed by reactions of radicals containing one carbon atom, ete.

Reactions Notes E logie 4 logw k Tempera- Radical source Befer-
ture range ence
{heal meole~ ) {{em?® mole 3 {cm?® mole—?
sec— 1} sec™ 1} °C
H+OH=H,+0 58+15 1276 1.0 252000 4
714 12.74 687807 | HJO, 81 12
H+HO,=20H 14.86 25 H/0, —H 5
13.84 500 6
E+HNO=H,+NO >9.78 26 H,/discherge 1
> 10.48 47 H,/discharge 4
1278 £0.25 | 1300-1700 | H,/O,/N, flame 3
H+CF Br=CF, +HBr 115 16.3 855-1013 | H,/O,/CF Br, 8T, 7
Cl+ CHCL =CHCL + () 13.85 224 CHCECCLIC, P 25, 24
CHCCL=C,CL+Cl, 1.2 15.6 24
C1+COC1=CO+Cl, 0.8 14.6 25-55 | CO/Ci, P 33,24
)] 2.4 13.70 15450 ' 34
Cl+CL =201, =< 14.23 20 Cly/discharge 19, 20
I+NOI=NO-+1, 12.66 60 NGO/, F.P 30
2CN=C,+N, 96 31774527 | N, 8.7, 14, 15
2C,H ClL=CHCl+ CHCL 0.3 12.9 2555 CH,:CHCYCL, P 29
2CHCLCHCI=CHCLCHCL o
+CHCLCHCY 0.5+05 1347 +0.3 30-65 cis-CHCLCHCYCL, P 31
2C,CL=C,CL+C,C, 0.08 11.66 87-247 | CCL/CL P 32
2CH3603 e (CHQCO)QOQ 1-&95 20 CH3CHOi02 P 2?
+0,
2CH,CO,=(C,H,CO)0, 13.43 22 CH,CH.CHO/O, P 28
+0,
20H=H,+0, 48.6 12.85 687-807 | H,/O, S.T. 12
20H=H,0+0 12.18 37-107 | H,/discharge 10
(b} 12.08 27 H,/discharge 1
1.0+05 12883 +0.3 252000 4
3.8 14.87 687807 3‘12,502 8.T. 12
(b} 12.19 27 NO,/H reaction 12
OH+HNO=H,0-+NO
{or H, + NGZ) 13.95 1300-1700 | H,/0,/NO flame 3
ZHO,=1,0,+0, 12.25 room temp. 6
13.81 25 H,/0, —H 3
2NH, =NH, + NH 13.40 1627-2127 |NH,NH,  S.T. 8
11.66 NH, PP 9
2N H, =2NH,+N, 2 12.48 15¢ H,/discharge i8
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Radical Disproportionation Reactions— Continued

The reactions are classified in the same order as the tables of radical reactions. Thus the first set of reactions are those involving atoms,
followed by reactions of radicals containing one carbon atom, ete,

Reactions Notes E logie A logio k Tempera- Radical source Reference
tire range
{cm® moie-% {cm?® mole~?
(keal mole=%) | sec™®) sec—?) °C
ZHNO=H,0-+ N,0 > 7.48 27 NOG/H reaction 18
~8.9 190 (CH3)2CHNO T 17
2NO, = 2NO, + 0, 1.7+ 1.6 12,42 280-830 |N,0, ST 2
2CiI0=CL+0, 10.38 CLO ¥.P. 21
10.93 20 CLO FP. 22, 23
Ratios of Rate Constants (Radical Bisproportion Reactions)
Reactions Notes Rate constants ratios Tempera- Radical source Reference
ture range
cm3, ‘mole. sec. units °C
(1) H+HO,=20H
(2) 2HO,=H,0,+0, B2 fka=5.1 X 10 500 | H,/0, ignition 35, 36
(1) 2HS=H,+8§,
(2) 2HS=H,S+8 kilke=10.15 room temp. | H,S P 37
(1) 2HNO=H,0+N,0O
(2) 2HNO=2NO+H, kifka=8 25 | C,H OH/NO H 38
(I CH, +CH,0,=CH, + CH COOCH,
2) C,H,+CHO0,=CH+CHO, Eifks=0.1 29 | C,H,COOCH, P 39
(1) 2C,H.O=CHOH+ CHCHO kifki=1.2X 10 152 | C,H.COOCH, P 40
{2) CQHSO = CH:; + CHZQ ku’k‘g = (3 1) X 10% 30 Csz‘COOCzHS P 40
ey

(1) 2CH,),CO=(CH,},COH + (CH,,CCH,0
@) (CR,),CO=CH,COCH, +CH, ku/k2 < 3.0 % 108 25 | (CH),C0), P 41

Notes
(a) Review of literature data.

(b} Value based on E.S.R. measurements of the radical
centration.
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Disproportionation/Combination Ratios
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