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A SURVEY OF KINETIC DATA OF COMPOUNDS

CONTAINING FLUORINE
Dana A. Brewer¥*

SUMMARY

Chlorofluoromethanes may have a significant effect on the level of
ozone in the atmosphere. However, the role of fluorine-containing com-

pounds has not been examined fully.

A tabulation of a search of the chemical kinetic literature published
between 1953 and July 1975, is p;esented. The data are then evaluated
with respect to acceptability and importance to the overall reaction balance
in the atmosphere. Possible future research to elucidate important

reaction processes is discussed.

INTRODUCTION

Recent awareness of the widespread uses of chlorofluoromethanes as
aerosol propellants and refrigerants, the ubiquitous presence of chloro-
methanes, and the introduction of hydrogen chloride as a space shuttle

solid=-rocket exhaust component, have focused attention on possible reactions

* Graduate Research Assistant, Chemistry Department, Virginia Polytechnic 2
Institute and State University, Blacksburg, Va.(Summer employee at NASA ?
Langley Research Center). The NASA technical advisor was Dr. Gerald L. ;

Pellett. The technical advice of Dr. Pellett, and Drs. John C. Schug
and Michael A. Ogliaruso, professors at Virginia Polytechnic Institute and
State University is gratefully acknowledged.



involving chlorine-containing compounds in the troposphere and stratosphere.
Many of the halocarbons have been hypothesized to exert a significant impact

on the environment in the near future by depleting ozone in the stratosphere

through known homogeneous catalytic cycles, and by producing climate modifi-~ -

cations through thermal -balance changes. Yet, current chemical kinetic and

transport model predictions of these effects focus on the roles of chlorine =

and tend to dismiss as unimportant the possible roles of fluorine.

A complete tabulation of existing kinetic rate data for fluorine has
not appeared in the open literature, partly because of the classification
of rate data obtained from work on fluorine-containing liquid rocket

propellants. Also, difficulties encountered in handling HF, ¥, and F, in

2

the laboratory have significantly limited experimental investigations.
Prior to August 1975, a primary UV photolysis mechanism was the

only accepted reaction process by which chlorofluoromethanes could be

destroyed at significant rates in the stratosphere.

CFCl3 + hy =+ CFCl2 + Cl1

CF2C12 + hv - CFZCl + C1

Attention was primarily focused on the formation of the chlorine atom since

an odd oxygen destruction cycle directly follows.

cL+0, » Cl0+0

3 2

Clo+0 » C1 + O2

However, subsequent reactions of the substituted methyl radicals have neither
been included in current kinetic models nor considered in adequate detail.
Also, alternate reactions of halides with certain organic compounds, known

or suspected to be present in the atmosphere, have not been sufficiently
examined. This, in part, is attributed to the lack of absolute rate data
since organic reactions characteristically produce wide product distribu~

tions and have complex mechanisms.

Further, the destruction of chlorofluoromethanes to form methylene -

fntermediates directly had been overlooked before August 1975,

2 REPRODUCIBILITY OF TH®
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CFCl3 + hv =+ CFCl + 2Cl1

CF2C12 + hv > CF2 + 2C1

vhen preliminary work by the National Bureau of Standards was presented at
the National Meeting of the Americal Chemical Society in Chicago. The
consequences of this and/or other probable methylene formation mechanisms
would seem to warrant at least as much attention as the methyl radical
formation mechanism, since laboratory studies have shown that methylenes,
once formed, react very rapidly with a variety of molecules. The author
hypothesizes that methylene reactions may constitute important pathways

by which chlorofluoromethanes undergo final degradation in the stratosphere.

This report presents the results of an extensive search of the
chemical literature published between 1953 and July 1975, and includes a
comprehensive tabulation and analysis of experimentally measured homogeneous
gas-phase kinetic data for fluorine and simple hydrocarbon compounds. The
report includes reactions from references 1 through 159, indicates which
rate data appear acceptable and which rate data should be obtained, and
proposes research that appears needed to elucidate important processes that

may occur in the stratosphere.

The tabulation of reactions is grouped into sections based on
primary reactants. Some of the reactions listed are not balanced because

the references did not specify a complete product list or a consistent

mechanism. A key is provided to aid the reader in determining which reactions

are elementary reactions(E), balanced overall reactions(0)}, or unbalanced

overall reactions(ONB). The reactions are grouped as follows:
Key Reaction

Chlorine and Fluorine Reactants

E 1. F+4F+M¥M = F, +4M . M= Ar, FZ’ HF, F, H 0

5 0, H
H, 0, OH

2 2 72

0 2, F, +Cl, +M -~ 2CIF +X

E 3. F+ 012 + Cl + C1F



Key Reaction

E 4. Fp+Cl -+ CIF +F

E 5. F+HC1L » CIF +H

E 6. F+ ClF =~ 01F2

0 7. CIF3 + Clr2 + 3CIF

0 8. F, +CIF > CIF,

0 9. Fz + Cl‘f“3 + M > (!1F5 +M
ONB 10. 02 + ClF + M - 03 M = Ar
ONB 11. 012 +F, + 02 -+ ClF30

4] 12. 2(11’5‘3 +0, ~» 201F30

E 13. F2 + ClO2 -+ FClO2 + F
ONB 14. F2 + 0, - C1F + ClF, + ClF2

E 15. F2 + IF5 > IF7

E 16, F + PI«I3 + HF + PH2

Hydrogen, Fluorine, Oxygen Reactants

E 17. H + F, = HF +F

E 18. F + H2 + HF + H

E 19, H+F+M » HF + M M=Ar,F2,HF,F,H

H, OH, O
E 200 H+0+M =+ OH+M M=F2,HF,F
E 21. H+O0OH+ M - H20+M M=F2, HF, F
E 2, 0+0+M » 02+M M=F2,HF,F
E 23. H+H+M-&HZ+M | M=F2,HF,F
Fluorine, Nitrogen, Oxygen, Hydrogen Reactants

0 24, F, 4+ 2NO+M > 2FNO + M

2

0, H

2 2?

0

2?
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Key Reaction
ONB 25. F, + FNO, + F, + FNO, + 0,
0 26, F,0 + NOF + NO,F +F,
0 27. 2FNO, + 2FNO, + 0,
0 28. F, + 2N0, > 2FNO,
0 29. F, + N0 + OF, + N,
E 30, NE,+F+M + NPy +M
E 31, 0,@a'8) + WM+ 0,87 + w'Th
0 az. NFZ(ZBl) +H + HF(v-2) + NEGIEh)
E 33. F +NH, > HF + NH,
E 3. FO+FO - 2F+0,
E 35. F+0, + OF 40,
0 36, F,0 + 2F,50 > F,S0 + F,50,
0 37. Fy + F,S0 » F,S0
Carbon, Hydrogen, Oxygen Reactants
0 38. CO+0+M > CO,+M
E 39. CO +OH + CO,+H
ONB 40. F+CO, +M + CFOF +—§-02+M
ONB 41. F, +CO +0, > COF, + CO + (FCO0),0,
0 42. SCH,0 + 60 > 3H, + 3C0 + 2H,0 + 20, + 0,
0 43. CH,0 + OH + CHO + H,0
ONB 4. CF,0 +F, + CF,OF + CF;00CF,
0 45. 20H 0, + 2CH,0 + 0,
E 46. CH,0 + 0, > CH,0 + HO,
E 47. CH O +NO + CH,0 + HNO
E 48. CHL0 + N0, > CH;0NO,
0 49. CH, + CH,CHO + CH, + CH.CO




50. CH, + O2 +M > CH, O, +M

Key Reaction
E 3 392
E 51. CHA + OH -~ CH3 + HZO
E 52. 0 + CH& +> OH + CH3

Miscellaneocus Reactants

E 53. CH3 + HZS +> CH4 + SH
E 54. CF3 + HZS > CHF3 + SH
0 55. 3CH4 + 6CF3 > C2F6 + CF3CH3 + 3CHF3 + C2H6
E 56. CF+F+M » CF,+ M

2

Carbon~-Carbon Double Bond Reactant

ONB 57. 0+ CH2=CH2 > CH20 + CH4 + CH3CH0 + CO + Hz + O2
- * 4 ol
ONB 58. 4 0 + 4CF2-CF2 -+ 3CF20 + CZF40 + 2 CF2 + CF202
ONB 59. O(BP) + CF2=CFC1 -+ CFZO + CFCl0 + CF2 + CFCl1
3 -
0N§ 60. O( P).+ CF2—CC12 -> CFZO + CC120 + CF2 + CCl2
ONB 61. F2 + 02 + CClZ=CCI2 -+ CCleCOCl + CC13COC1 + CClZO
0 62. 3CH2=CH2 + 50013Br > CCl3CHZCHZBr + 2C013CC13 +
2CHzBrCHZBr
4] 63. BCHF=CH2 + SCC1BBr - CCl3CHFCH2Br + ZCHFBrCHZBr +
20013CC13
0 64. BCH2=CHF + SCClaBr -+ CCl3CHZCHFBr + ZCHFBrCHZBr +
20013(3013
4] 65. 3CH2=CF2 + 50013Br -+ CCl3CH2CF2Br +~ZCH2BrCF2Br +
2C0130013
0 66. 3CH2aCF2 + 50013Br -+ 0013CFZCHzBr + ZCHZBrCFZBr +
2C0130013
0 67. BCHF=CF2 o+ SCCljBr -+ CClBCHFCFZBr + ZCHFBrCFzBr +
2CC1,CCL

37773
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Key
0

ONB

Reaction

68. 3CHF'CF2 + SCC13Br -+ CC13CFZCHFBr + ZCHFBtCFth +

200130013

69. 3CF2=CF2'F5CC13Br -+ CC13CF2CF2Br + ZCFZBrCFzBr +

206130013

70. CF,=CF, + O=N=F - F CF

2 2 2 3
A *
F F

Carbon~Carbon Single Bond Reactant

7 3
71. -EF2+—2~C1

+ 6CClZ=CCl2 + C,C1. + ZCC12FCC12F +

2 2776

BCCIZFCCI3

72.
> CF, + CX,=CX, X =2Cl, Br, I
X X

2 2

73, C.H.+M + CH, + C.H. +M

38 3 25

74. BCZHSBt > C2H4 + 3HBr + C2H5 + C2H3

75. CZH6 + F >+ HF + CZHS

76. C2H6 + Br -~ CZHS + HBr

77. CZHSF + Br =~ CH3CHF + HBr

78. CH3CHF2 + Br =~ CH3CF2 + HBr

79. CH3CF3 + Br =~ CHZCF3 + HBr

80. CHFZCHF2 + Br -~ CHFZCF2 + HBr

81. CFSCHZF + Br - CF30HF + HBr

82. CF3CHF2 + Br = CFBCFZ + HBr



Key Reaction

0 83. ZCC1F2001F2 + F2 »> ZCCIFZCI"3 + 2C1F
0 84. craccu‘z + F2 -+ CZF6 + C1F
0 BS. 400130!1(312 + Cl_,_ + 202 > 02016 + ZCC13COC]. + 2COC12
+ 4HC1
(¢} 86. CC130HCl2 + F2 + HF + CClBC012F
Methane and Substituted Methane Reactants
E 87. F + CHF3 -+ HF + CF3
0 88. F2 + CHF3 -+ CF" + HF
E 89. Br + CHF3 -+ HBr + CF3
E 90. F + CH(ZIF'2 -+ HF + CCle
E 91. F + CHCl3 + HF + CC13
E 92. F + CHCIZF -+ HF + CCle
E 93, F + (3112F2 + HF + CHF2
E 94, Br + CH2F2 -+ HBr + CHF2
E | 95. F + CH2C12 -+ HF + CHCl2
E 9%6. F + CH3F -+ HF + CHZF
E 97. Br + CH3F + HBr + CH'ZF
E 98. F + CH3Cl -+ HF + CHZCl
, %
0 99, 6F2 + SCH3I > ZCHZF2 + ZCH3F + 12 + 3HF + CH2IF + IF
+ IF
E 100. F + CH, = HF + CH,
E 101. Br + CH4 > CH3 + HBr
0 102. 30014 4+ 6H + 2H2 -+ GHCL -+ CH2(312 + CHCl3 + CHC1
E 103. F + CClé -+ CCl3 + C1F
0 104. F2 + CCll& + CClSF + C1F

i’«tiﬁiﬁi’ROD UCIBILITY OF THE
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105,
106.
107.
108.
109.
110.
1i1.
112.
113.
114.

- Reaction

+ CFC1, -+ CF,Cl, + C1F

3 2772

2 + CF2C12 - CF3Cl + C1F

CF3C1 + F2 -+ CF4 + C1F

CF4 +M - CF3 +F +M

CF3Br +F -+ CF

Fy

F

4 + Br

CF3Br +F = BrfF + CF3

F + CClsBr -+ CFCl3 4+ Br

F + CC13Br + BrF + CCl3

F + CFSI > CF4 + 1

F + CF3I + IF + CF3

Methyl Radical Rcactant

115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.

127.

CF, +M » CF, +F +M M = Ar

3 2

CF3 + CF3 +M - C2F6 + M M = Ar

CH3 + CH3 2H6

CF3 +F+M > CF4 + M

CHFC1

+> C

2 2 - 002 + HF + 2C1

CH3 + NO - CH3NO

3 + N02 > CH3N02

CH3 + CH3N0 -+ (CH3)2N0

+ 0

CH

2CHF2C1 +  2HC1 + C2F4

CF3 + CF3 -+ C2F6

3 + CH3F - CH4 + CHZF

3-+ CHSBr -+ CHBBr + CH3

3 + CHBI > CH3I + CH3

CH

CH

CH



Reaction
128. CH3 + Cl»l?_F2 g CH(‘ + CHF2

129. CH + CH,Cl1

3 2

3 31 + CHZCl

131. CH3 + CFZBrZ - CH3Br + CFZBr

132, CH3 + CHF3 -+ CH4 + C.F3

133. 3CHCl3 -> CC14 + 3HC1 + CC12=CC1

134. CI’I3 + CHClZBr > CHBBr + CHC].2

135. CH3 + CBr[’ + CHBBr + CBI':3

136. CH3 + CClz‘ -+ CH3C1 + CCl3

137. CH3 + CClsBr d CH3Br + CCl3

138. CH3 + CF3I -+ CHBI + CF3

139, CF3 + CH3Br + CF3Br + CH3

140. CH3 + CZHSI -+ CH3I + C2H5

Methylene Reactant/Product

3 + CH?_CIBr + CH

130. CH +CHZClI + CH

2

141. CH2C0 -+ CHZ + CO

1
142. CH2N2 -+ C.H2 + N2
143. CF2+M +~ CF+F +M
3
144, SCH4 - CH2 + 2CH3 + 3H2 + C2H6

145. CF2+CFCl + CFZCFCl

146. ZCF2 > C2F4

147. 3H + 7CH2N2 9 ACZHQ + ZCHA + CHN2 + C?.Hé + 6N2

148. CF2+F+M -+ CF3+M

149. 5CH,CO + 4H, ~+ C,H, + 500 + C,H, + CH, + 4H
1

150. CH2 + CH[} -+ CZH6

+ H



Key Reaction
E 151, om, + Jcn, > c,H, +H,
. 0 152. 'cw, +m, - cay+H
E 153, 'cH, +H, + OCH, +H,
’ E 154. lcuz +M - 3032 + M
E 155. 3CH2 + H2 g CH3 + H
E 156. JCH, + CH, * 2CH,
é 0 157. 4CH2N2 + ZCH4 *> C2H4 + 2C2H6 + 4N2
F 0 158, CR:ZN2 + 002 > HZCO + CO + N2
z ) 159, 9CHZCO + 9CH3C1 %+ 9CO0 + 2C2H4 + 2HC1 + 202H6 + CH4 +
CH2012 + 2C2H501 + C2H4012 + C2H3Cl
E 160. ICHZ . CH2F2 abstraction, 02H3F + HF
insertion C.HF
27472
E 161. CF2 + C2F4 -+ c:yclo-CBF6
ONB 162. 1CH2 + CH2C12 > CH2C1CH201 + CHBCHZCI + C2H6
0 163. [CH, + C,H, > Cjly
r ONB 164, CH2 + 3SO2 > C82 + H20 + S+ CO + CO2
E 165. CF2 + NO - CFZNO
o 166, CHZCO + CH3CH201 -+ products
SYMBOLS
A frequency factor in rate constant; has same -units as rate
| constant |

D dissociation energy of a specific bond

IR




e electron

E activation energy of the reaction; units are cal/mole unless

otherwise noted

EPR electron paramagnetic resonance spectroscopy
ESR electron spin resonance spectroscopy

AG Gibb's free energy of reaction

GC gas chromatography

GLPC gas liquid phase chromatography

h Plank's constant
AH enthalpy of reaction
Aﬂg enthalpy of formation at 298° K
Io incident intensity of light
IR infrared spectroscopy
J photon flux; photons/sec—fcm2
k rate constant in units of centimeters, molecules, and
seconds (cm, mol, s)
% kb Boltzmann constant
M inert gas; céllisional deactivator in a reaction

12



MS

rds

As

AU

VPC

[1

mass spectrometry

nuclear magnetic resonance spectroscopy
pressure in torr

universal gas constant (1.987 cal/mole~°K)
rotational quantum number

rate determining step in a mechanism
entropy of reaction

temperature in degrees Kelvin.
translational quantum number

internal energy of reaction in kcal/mole
ultraviolet spectroscopy

vibrational quantum number

vapor phasg chromatography

wavelength in Angstroms

collisiqnal efficiency

activated complex

concentration in moles/liter

13
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* molecule in excited state
KINETIC THEORY OF REACTIONS

The kinetic theory which forms the foundation for rate constant
expressions is briefly outlined below to aid the reader in interpreting
the contents of fable 1.

Thermal reactions are those reactions that proceed by applying heat
in the absence of external UV-visible radiation effects. They are primarily
ground state processes; that is, initially both the reactants and products
are mainly in their ground electronic and usually lower vibrational-

rotational levels.

The simplest type of thermal reaction is the elementary reaction which
) may be unimolecular, bimolecular, or termolecular. Unimolecular or first
order elementary reactions occur when a molecule in an excited state breaks
apart to form one or more different species or products. Bimolecular or
second order elementary reactions consist of two molecules or reactants
colliding in a single step to form one or more products. Third order or
termolecular elementary reactions have three reactants colliding in a single
step to form one or more products that are different from the reactants. The
products may be different compounds or the same compounds as the reactants

but in different quantum states.

A collection of elementary reactions comprises a mechanism. A
mechanism is postulated, based on experimentally determined data; it may
or may not actually describe the correct way in which the molecules react
in elementary reactions. For a one step mechanism, the elementary reaction
is equal to the total reaction, and the order and'the molecularity of
the reaction are equivalent. =~ However, when more than one elementary
reaction describes the total reaction, it -is no longer proper to speak of
molecularity; when it is possible'to express the empirical rate law in the

form

rate = k[A]m[B]n

14



the order of the reaction is the sum of exponents in the rate equation. The
rate constant, k, has units that reflect the order of the reaction. A first
order reaction rate constant has the units of s-l, a second order reaction
has the units of cmzlmol-s, and the units of a third order reaction are

cm6/molz-s.

The rate constant appearing in the rate equation may be formulated
in several ways. It is common practice to express observed or empirical

rate constants in the Arrhenius form,

Ea
k = A exp |- RT

where A is the frequency factor and Ea is the activation energy. The

activation energy is approximately equal to the energy difference between
the reactants in an average quantum state and the transition state, the

top of the average potential energy barrier along the reaction coordinate.
When a complex mechanism is used to describe the reaction, the activation
energy for the total reaction is some combination of the activation energies

for the elementary reactions.

Transition state theory, applicable to bimolecular and termolecular
reactions, 18 a theory generally used to predict rate constants rather
than evaluate experimental data. The transition state or activated complex
is defined as those configurations that occur at the top of a potential
energy barrier along the reaction coordinate. The rate constant for a
bimolecular reaction between two nonlinear polyatomic reactants A (comprised
of n_ atoms) and B (comprised of n atoms) is

k T f# f# f# E °
k = (b) trfv exp(——9->

ho £ afeafo,afesfe,sfvs RT

where ft’ fr” and fV are the statistical mechanical partition functions for
translation, rotation, and vibration, respectively, and EO is the difference
between the ground state energy levels of the initial and transition states.

The partition functions, f and fv gs are evaluated for 3n=6 vibrational
?

A
’
degrees of freedom while fv is evaluated for 3n-7 degrees of freedom. The

3n~7 degrees of vibrational freedom in the transition state result because

15
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the theory treats one vibrational degree of freedom as a translaﬁion along

the reaction coordinate.

The transition state may be described by thermodynamic quantities.56

The free energy of activation, AG*, and the enthalpy of activation, AH ,

may be used to write down the entropy of activation

a’ - ac?
T

AS*
The empirical activation energy is related to the enthalpy of activation by
AH* = Ea - nRT

where n is the molecularity of the reaction. When a detailed temperature

dependence of the rate constant for a gas-phase reaction is known, such as

' E
m o
k AT exp (- RT)

Eo and Ea may be related by

and

AH# = E + (m-n)RT
The activation energies for the forward and reverse processes are also
related to the enthalpy by

AH = E - E .
a,f a,r

Unimolecular reactions are treated by employing the Lindemann-

Hinshelwood mechanism:

%
A+M > A +M 1)
*
A +M > A+ M 2)
*
A > B+C. 3

Step 3 is a true unimolecular reaction. The rate of disappearance of A

is expressed as

d[A] -
__d_t_l = -k, [AJH] + kyfa"I0u]

16 N
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the rate of intermediate formation as

*

d[A ] . * *
qc- = k[AIM] - k(A I[M] - Kk [A7]

and the rate of product formation as

d *
dgg] - 4d . kyfad .
d[A"]
When the steady state approximation, —4c " 0, 1s applied, then the

equations reduce tn

v K [AIM]

[a'] kz[M] + k3

afal _ a[B] _ dafe] _ MksfallMl
T dt dt dt kz[ﬂ] +k,

Taking the high pressure limit of M, or when M is in high concentration
relative to A, B, and C, k2[M] >> Kk, and the equations reduce to

_dlAl _ a[B] _ afc] _ KiksfAl
dt dt dt k

2
Conversely, when M is in low concentration, that is k3 >> RZ[M], then

_dfa] _ df8] _ d[c]
dt dt de

= Kk [A)M] .

The rate constants obtained from the application of the Lindemann mechanism
are qualitatively correct but quantitatively poor. Much more accurate
treatments of unimolecular reactions have resulted from the treatment of the
data with the Rice, Ramsberger, Kassel, and Marcus (RRKM) theory; this
‘theory looks at individual rate constants as functions of the molecular

energy.

Photochemical reactions are those reactions which proceed when light
of a specific wavelength range is absorbed and a reactive state/specie is
produéed. The reactions generally occur at a much lower temperature than
if light were absent, and, by definition, may involve radicals or molecules

in excited states.

17



*
A+hv »+» A -+ products

Evaluation of rate constants for these reactions involves an epplication of

Beer's law,

Ia = Io (1 - exp(~ BNd))

where Ia is the absorbed intensity and 10 is the incident intensity of
light, B is the molecular absorption coefficient, d is the thickness of the
sample, and N is the number of molecules per cubic centimeter. The rate
constant for an elementary photolytic reaction is expressed in terms of

a quantum yield,

o = number of molecules formed
number of quanta absorbed ’
while the overall rate constant is a function of both light intensity and

- the concentrations of reactants and products.
METHYLENE

Methylene, also called carbene, is a reactive intermediate in many
chemical reactions. The simplest methylene, CHZ’ is a diradical which may
exist either as a triplet, 3CH2, having two unpaired electrons, or as a
singlet, 1CHZ, where the electrons are paired. Numerous theoretical
calculations on CH2 have shown that the triplet is the ground state, and
there is an energy difference of only a few kilocalories between the ground
state triplet and the first excited state singlet.85

101 by a~elimination and

Carbenes are primarily formed in two ways,
by disintegration of a double bond. 1In a-elimination, a carbon loses a
group without its electron pair and then a group with its pair, usually a

halide ion:

R is any other substituent. 1In most cases of o~elimination, the positive

18
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group is lost first,‘followed by a negative group; however, it is possible
for the negative group to be removed first or for both groups to be removed

simultaneously.

Carbenes may also be formed when a double bond disintegrates; each

doubly bonded atom retains an electron pair:

el e S

R \R \R

The two most important ways of generating carbenes, the photolysis of
ketene and diazomethane, are formed in this way:

CH,=C=0 ¥+ :CH. + CO

2 2
hv, |
CHy=NeN - :CH, + N,.

2
The reactions of carbenes are quite different from the reactions of
other intermediates, egiig:f, anions, and radicals. While recombination
is an important reaction of radicals such as the methyl radical, it is a
relatively unimportant reaction of carbenes. ' This is true because, when
both radicals and carbenes are in the presence of stable molecules and
reactive species, carbenes are more reactive; thus the mean lifetimes are

much shorter, and the probability of recombination is reduced.

Important reactions of carbenes are abstraction, insertion, and
addition to a double bond. Methylene can abstract a hydrogen atom to
yield free radicals,

-:CH2 + CH3CH3 -+ CH3 + CH3CH2 .

The insertion reaction,

.CH2 + CHBCH3 > CHBCHZCH3

occurs in competition with the abstraction reaction for the homogeneous
gas phase reactions surveyed in table 1; workers have reported that
abstraction predominates over insertion in all cases.' Thus, the insertion
reaction is more difficult to study, and more than one product is formed

in methylene reactions.

19



The products formed when methylene adds to a double bond depend

upon whether methylene 1s a triplet or a singlet. In the reaction of

the singlet,
H H
\C"-’C/H - "~ “% "
R/7’\1{ / i<R
CH2

both electron pairs move simultaneously, resulting in retention of the
configuration of the substituents around the original carbons forming the
double bond. On the other hand, since the electrons in the triplet methylene
are unpaired and cannot both form one covalent bond, the electrons do not
move simultaneously, and the configuration about the double bond is not

retained. For example,

+
N R .
CH, CH,)
H H / H R
Nttt L NG A Nt
R ~x r N ¥ v

+
- R R

The reactivities of methylenes decrease with increasing substitution

in the order of CH2 > CHC1 > CCl, > CHF > CFZ' The ground state multipli-

H\\éffggb//ﬂ H\\C{fgi //R
G\\H

cities also change when substituted carbenes are compared with unsubstituted
methylene: the ground state of CHg is a triplet while the gtound state of

CF2 is believed to be a singlet.8

REACTION RATE DATA

Table 1 is 2 compilation of experimentally determined rate data.
The data are limited to the temperature and wavelength ranges that occur
in the troposphere and stratosphare (T s 400 oK, A 2 1200 R). They do
not include reactions with a carbon chain length greater than two or

reactions that require unusual, liquid, or solid phase catalysts. Unless

20
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otherwise stated, all data follow Arrhenius kinetics; that is, the rate

constant is expressed in the form
k = Aexp ( -Ea/RT) .

Those references that include a wavelength are photolytic reactions; that
is, théy require either photolytic activation to produce the reactants or
photolytic energy to overcome an energy barrier of an elementary reaction
in the mechanism. All studies utilizing a shock tube are investigatiops of

reactions occurring thermally. Further, an elementary reaction in a

e it

Cpafarg 3o+ v i o

———

mechanism is photolytically induced oniy when light energy (hv) specifically

appears in the step. No attempt was made to correct any obvious errors in
the kinetic data reviewed in table 1. However, all rate data were trans-
formed into consistent concentration units to aid in comparing rate data
of several authors. All error limits noted are those stated in the refer-
ences. When thermodynamic enthalpy is noted, a negative sign indicates
exothermicity.

2
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Teble 1.~ Kinetic Data

F+F+M>F, +M

2
Ref'. Kinetic Methods Rate Data Comments
9 Recommended rate constants rate = k[F]e[M]
Bahn,
et. al. -32
(1969) k= MP—T’QQ—- en®/no12-s M=Ar, T in %K
_32
k= L-%Xlg___ cm6/m012—s M= F2
_32
k = 3—2-;1—9—-—- cm6/m012—s M = HF
~32
k= -6——1%—12—-—- cmé/molz—s M=F
~32
k= &EH0 7 onf/moi?s M= 1,0
-31
_ 1.3x10 6, -2 -
k = ==p—— cm /mol”-s M =H,
~31
k = -g-l;l———o-—— cms/molz-s M= ()2
- o
k= ii’T‘l—o—— ca® fmo12-g M= H
_31
k= g_l,_TxE___ cm6/m012-s M=0
-31
k= —-—-——-—~—-—6’4¥10 cm6/m012—s M = OH
- 0. -35 6 2
T = 295°K k = 8.02x10 - =
Ganguli, 295°K em /mol”~s M = Ar
et. al. T N .
(1974) F atoms from microwaye discharge - 51%1 = Zk[F]Z[M]+ LS [r]i Error in rate constant is * factor

P = 10-81 torr

Teflon flow reactor

Chemiliminescent titration of F
with 012 for product analysis

11
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Table L.- Continued

F+F +M~ F,+ M (continued)

1.
Ref. Kinetic Methcds Rate Data Oomments
110 Shock tube A = 4,030 on® /mo12s M= Ar
Modica, o
et. al. T = 2700 - 3000°K Ea = 12115cal/meole
(1968) o
Produet Detection: UV at 2660 A
79 Keverse reaction studied A = {1.23%0.58 )}clO-ll M = Ar
Johnson, Shovk tube e fnol-s
et. al.
(1964) T - 1300-1600°K E, = 29.57:3.51 keal/nole
Produet analysis:  speciro-
vhotometric
3
% Reverse reaction studied A = (7.6%4.0)x30 12 M= Ap
Juhnson, Shock tube o’ /mol-s
et. al.
(1964) = - e = 28.4922
131,132 T = 1300-1600K E, .4922.15 keal/mole
i‘zergi Prodact analysis: spectro-~
(1966) photometric
39 Reverse reaction studied A= {.2.3:2.2):&0'12 M = Ne
Diesen 3
Sheek 3~
(1968) o2k tube em” /mol-~s
T = 1650 -2700°K E, = 23.661.2; keal/nole
Product analysis: MS
50 Reverse reaction studied A= {3.8914,27)3:10-11 M = Ne
Diesen
(1968) Shock tube em fmol-s
T = 1400—20000}( Ea = 34.3%%3.02 keal/mole
Product analysis: MS A (6.46:3.55}):10'12 W= A
om” /rmol-s
Ea = 28.68%2.15 keal/mele
39 Reverse reaction studied A= (2.01:2.57);;10'11 M = Ne
Diesen " 3 <
(1966) Shock tube em” /mol-s
40 o -
Diesen Preduct analysis: MS Eg = 33.08%1.70 keal/mole
(1968)
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Table 1,- Continued

1. F+F+M é»FZ + M (continued)
Ref'. - Kinetic Methods Rate Data Comments
132 Reverse reaction studied Efficiency ratio of third bodies:
Seery, et. Ne : Ar =1 ¢ 1.5
al.(196§)
2. ClZ+F2+M+'.lClF+M
23 27
50 ‘ T = 382-401 %K A = 1.24x00 20 2 /e g “echanisn MH
Fletcher
et. al. " Product detection: IR of CIF at E, = 19800 cal/mole .(kcal mole )
(1969) A = 12755 4
rate = kIF,][CL 1/2 1) F, +M > 2F + N 38
2) F+Cl, + CIF + Cl -3
3} Cl+F, > CIF +F -23
4) CL+F+M~>CIF+ M -61
5) F+F+M+>F, +M -38
6) CL+Cl+M~+Cl,+M -58
3. Cl, + F > Cl + CIF
16 T = 1700-2200°K E, = 12 keal mole Estimated from Evanz-Polanyi rule
Blauer, s
et. al. Shock tube Rate constants determined Fndothermic exchange reactions
(1971) f'or some elementary postulated as part of mechanism

keverse reaction studied

Product detection: Optical
dencities

reactions:
Cl¥ + M+ CL+F + M
A= l.7x10'14i3cm3/m01~s
Ea = 61300£3000 cal/mole
C12+M*C1+C1+M
A = (3.2¢2.4 )00 e’ /mol-s

Ea = {46450£1500) cal/mole

A
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Table 1.- Continued

3. 012 + F <+ €L + ClF{continued)
Ref'. Kinetic Methods Rate Data Comments
21 T = 300% BuQgg = -2.5 keal/mole
Clyne, -10 3
et. al. F atoms from microwave discharge k = (1.120.3)x10 em” /mol-s
(1973)
Fast flow reactor
Product analysis: MS
57 F atoms from mierowave AH = 3 * 2 kcal/mole Error in rate data is + factor of 2
Ganguli, discharge
et. al.
(1974) Chemiluminescent titration of F2
with 012
Teflon flow reactor
P = 10-81 torr
. - in-10 3
152 Flow reactor A = 9.13x30 em” /mol-s
Warnatz,
et. al. |F atoms from microwave discharge E, = 1400 cal/mole
(1971)
Product analysis: MS
4. F2 + 0l -+ ClF + F
57 P = 10-81 torr AH = -23%2 keal/mole Error in rate data is * factor of 2
Ganguli, o 15 3
et. al. |T = 295K k < 1.7x10 em” /mol-s
(1974)
Chemiluminescent titration of
F_ with CL
2 2
Teflon flow reactor
5. F+ HCL » C1F + H
91 Flash photolysis k = 2,500 end /mol-s
Kompa, et
al.(1972)
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Table 1.~ Continued

5. F + HCL -~ C1F + H {continued)
Ref Kinetic Methods Rate Data Comments
N ~ -12 3
84 Flow system ¥, o0, = 3.2x10 em” /mol-s
298°K
Jonathan,
et. al. Produet enalysis: IR Chemilum- Ea = 2.54 kcal/mole Assumed
(1971) inescence
P = 80-100 torr A = 2,200 en’/uoi-s Asswned
15 T = 298% ¥, oq0p = 1.2x10° en’/mol-s
298"K
Pollack,
et. al. Fast flow reactor
(1973)
Product detection: GC, MS, IR
88 T = 1700k E = 1 keal/mole (approximate) HF detection used to deduce rate
¥irsch, ‘ . & of reaction 5
et. al. HF detection: IR chemilumines-~ 7.9% HCL in v=1 vibrational
(1972) cence level
F from microwave discharge
Vibrational study of
F + HC1(v,r,t) +
HF(v,T,t,) + CL
v = vibrational state
r = rotational state
t = translational state
6. ClF + F ClF2
99 T 2 25% Decay at higher temperatures
‘lOO Product analysis: IR by 2 mechanisms:
Mamantov, et
al. (1970, F atoms from Hg lamp: X =
1971) 1
2800-4200 1) ClF2 + F » ClF3
2) 2011“2 -+ C1F + ClF3
¥ A 4 13

d




Table 1.~ Continued

7. ClF3 + 012 -+ C1F

Ref'.

" Kinetic Methods

Rate Dpata

Comments

13Q Schmitz,
et. al\(l94l7)

Quantitative reaction

8. F

+ C1F - C1F

L3

2 3
126 A= 650 4 Vith sufficient 1'"2, quantum Quantum yield is independent of:
San Roman, { =
et. al. Photolytic reaction yield of CIFy = 1.0 mol/photon (1) which reactant absorbs energy
(1870) .
T =303 - 323 % (2) added oxygen
(3) total pressure
(4) CZLF3 concentration
(5) reactant concentration
(6) temperature
9. F2+ ClF3+M+ClF5+M
92 T = 289-343°K At 298°K, quantun yield = 0, inhibition
Kreiger, 0.5 mol/vhoton
et. al. Mean lifetime of CLF% = 10 s
(1966) A = 3650 & d[C1F ) - = 5 =
. —ar abs Mechanism:
Product analysis: UV k! [ClF3] K"
AN B (1) F,+hv>2F
.- k} (2) F+ClF3+M+ClF4+M
kgt (3) CIF, + F > CIFY
k" = ﬁ.klf__ (4) CIF, + F + CIFy + F,
1{3k6+k 4k6
(5) C1Fg + CiF, > 2C1F,
s T (6) CIFf + 7+ CIF, + M
k3k6+k 41{6
(7) CLFf > CIF, + F

SRR PSPITE VT GO PP P TR Pl LR
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Table l.- Continued
N
@ 9. F, + C1Fy + M + CIF, + M(continued)
Ref. Kinetic Methods Rate Data Comments
92 (continued) &t 298°K, k=0.50, k'=2.00,
k" = 80.
Temperature effigiency =
-0.97£0.01/10" rise
M=yl P o4y P +YP;x#ClTF3
F2 F2 01F5 ClF5 XX
Yp Yorp Yy Ve ©
Fz CZLF5 Nz Ne
1 : 0.4 :0.22 : 0.18
10. 02+CZLF+1\II—>O3
100 T = 15% M = Ar
Mamantov,
et. al. A = 2800 - 4200 & Product identification only
(1971)
Product detection: IR
1. Cl, + F, + 0, CIF,0
132 % = 1700 - 2967 & Product identification
Pilipovich, o
et. al. T = 213K Yield: 44.6% after 6 hours
(1972) .
Product analysis: IR, UV, vapor
pressure, gas density
12, 2
12 ZZCZLF3 * 02 + C]FBO
114 A = 1700 - 2967 X Product identification
Pilipovich, o
et. al. Product analysis: IR, UV, Yields of ClFBO: 0% at T = 28801(
(1972) vapor pressure, gas density 79% at T = 213K
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Table 1.~ Continued

12, 2C1F; + 0, + 2C1F;0 (continued)
Ref. : Kinetic Methods Rate Data Comments
Mechanism:
1) ClF3 z C1F + F2
2) 02 +20
3) C1F + 0 -+ C10F
4) CIOF + F2 -* C1F30
13,  F, + Clo, > FC10, + F
6 T = 227 - 247 %% E, = 8.5 £ 0.4 keal/mole
Aymonino,
et. al. P = 50 - 500 torr rate = ¥ F, ][C10, ]
(1954) -22 3
k227 op = 3.8 x 10 cm” /mol-s
_ -22 3
k237 oy = 8.6 x 10 cm” /mol-s
_ ~21 3
k247°K 1.7 x 10 cm” /mol~-s
14, C12 + F2 b Cl’E‘3 + CIF + Cle
100 =14 % Stoichiometry dependence observed
Mamantov,
at. al. A = 2800 ~ 4200 §
(1971
Product detection: IR
124> AH = 3.3 kcal/mole in liquid phase ClF., dimerizes in gas phase with
Ruff, et. non-ideal behavior
al. (1930)
15. F2 + IF5 -+ IF7
49 ' T = 328.8 - 366.2 °K rate = k[F,][IFs] Table of raw rate data
Fischer, et.
al.(1957) Vacuum line E, = 14 kecal/mole
Product detection: pressure meas-
urements
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Table 1.~ Continued

16. F+PH3+HF+PH2
Ref. Kinetic Methods Rate Data Comments
15 Fast flow reactor k2 2,260 end/mol-s
Pollack,
et. al. Product anzlysis: GC, MS, IR
(1973) :
17. H+F,»H +F
1 T = 294 - 565°K AH = -98 keal/mole Photolytic activation
Albright, .10 3
et. al. Product, analysis: molecular A = (2,0£0.6)x10 em” /mol-s
(1969) beam MS
Ea = 2400+200 cal/mole
120 T = 300°K ¥ = (4.240.3 %1072 en’/mol-s
Rabideau, :
et. al. Fast flow reactor
(1972)
Product detection: EPR X-band
saectrometer
= ~11 m3 b it
31 Fast flow reactor k = 2,5x10 cm” /mol-s = 100 c¢hain cycles
Clyne, <
et. al. Product anelysis: MS E =2 kecal/mole
(1973)
Collisional efficiency = 0.1 -
18. F + H2 + HF + H
3L T = 300%K b, = (2.5%1.25 10™ e fmol-s
Clyne, ‘2
et. al. F atoms from microwave discharge
(1973)
Fast flow reactor
Product analysis: MS
. . - -10 3
75 Product analysis: MS, gas A = 2.6x10 cm” /mol-s
Homann, titration
et. al.
(1970) Flow system

E, = 1600 cal/mole

| A 7
y
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Table 1.- Continued

18. F + Hz <+ HF + H{continued)
Ref. Kinetic Methods Rate Data Comments
91 Flash photolysis k298°K =6.3x% 10—11 cm3~mol—s Deactivation probabilities (P):
Kompa, v,t
et. al. For HF(v=1) + HF(v=0) ——J—jé
(1972) 2HF (v=0) P=2x10
. ’ .
For HF(v=1) + Hz(v=0)—lbli+
HF (v=0) P=3x10"
120 T = 300%K k= (6.6 + 1.7) x 1072 cn/mol-s
Rabideau,
et., al. Fast flow reactor
(1972)
Product determination: EPR X-band
spectrometer
o ~11 3
41, 42 T = 300 - 400 K k=(3=x1)x10 cm” /mol-s
Dodonov, | :
et. al.

(1969, 1971)

52

Foon, .
et. al.
(1971)

94

Levy,’
et. al.
(1968)

. F atoms from microwave discharge

Static system
Product analysis: GC
T = 395 - 435 Kk

P = 645 torr

total
PO = 85 - 500 torr
2

Product detection: UV, visible

k298 op = 7.4 % 10—13 cm3lmol—s

A =512 x 10-13 cms/mol—s(assumed)
E = 5.20 kcal/mole

Rate decreases with 02 addition but reaches

a limiting value at ?O = 100 torr
2
Limiting rate law:

- dlFy] 1/2
5t = k[le[HZ]

Total Ea 16.7 kcal/mole

fn

H?(FOO) 3.5 keal/mole

Thermal activation

Study of 02 inhibition of rate

Mechanism:

1) H+F, +HF + F Ea 5-7 kcal/mole

2

2) F+0, +M>F-0-0+ M

2

3) FOO + H, =+ HF + 0, + H

2

Light has no effect on rate

Moty B B L IR Ly

et .

L a1

B ey D



Table 1l.- Continued

(A3

18. F+H,+H + H (continued )
Ref’. ’ Kinetie Methods ; Rate Data Comments
25 Thermal reaction Limiting rate = k[F] [szl/ 2 Mechanism for O, inhibition reaction
Cadle, from data of “reference 94:
et. al. - -3 -1
(1963) K verary = 4:9%0.6x10 s 1) F+H,>H +H
2) H+ 0, + M+ HO, + M
3) HO, + F,~HF + 0, +F
4) HO, + F > HF + 0,
5) H+ O2 > (OH+ 0
6) 0+ H,+O0H +H
7) OH+H2—>HZO+H
Reactign 2 predominates below
500°K with large [02]
22 T - 383% Mechanism (no 0,) from data of
Brokaw . reference 94 %
(1965)
F + H, » HF + H exothermic
H + F, + off* + (1-a)iF + F
exothermic
HF% + F2 + HF + 2F
H*% + M>HF + M
2F + M > F2 + M
M= N2’ H2
3 ¥ r x
- N ; )

il




ge

Table 1.- Continued

18,

F + H, + HF + H {continued)

2
Ref . Kinetic Methods Rate Data Comments
95 T = 288.210.5°K E, 5 = 1.5£0.3 keal/mole Hechanisa:
Levy, : ’
et. al. Mixtures of H,, F,, 0,, H2 afF.] n F2 * R 2k
(1968) 2 ek i +
A= 3130 R T Z2 2 2) F+Hy+H +H
I = (1.1120.07)x10%7 (1 [F ) + g [F,) 110,] 3) H+F,»WF +H
quemtta/e ) H+0 M~ HO, + M
+ + ->
+ X, IF1IHO,1) 4 2 2
5) HO, +F, +~H + 0, +F
2
At P = 760 torr, T = 288%, 2 2
X 6)F+H0,,~)}{F+02
-2 = 0.193:0.019 <
&
95 T = 395 - 435 %k Limiting rate for [02] >> [F2] 02 inhibiton study
Levy,
et. al. Thermal reaction ; . 1/2 HMechanism:
(1968) I‘dtelim = k[le IH2] kl
F2 +M —— 2F + M
Step 1: E_ = 37 kcal/mole
2 Other steps same as photolytic
Step 5: Ea = 5-6 kcal/mole reaction steps 2-6 (ref. 95)
Ky = 2.95x1072 e’ /mol-s
X, = 2.5¢10  en®/mo1®-s
48 T =195 - 3510}( Transition state theory usced to treat
Fettis, rate date
ety al. F atoms from microwave 113
(1964) discharge 7.£3x10 " em”/mol-s

Product analysis: GC

A=
Ea = 1710 kecal/mole

Asf : 6.99 cal/mole’K
Asj = 4.92 cal/moleoK

ASt = 0.8 cal/moleo}(

SR T
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Table 1.-

Continued

19.

H+F+M+H +M

Ref.

Kinetic Methods

Rate Data

Comments

9
Bahn,
et. al.
(1969)

Recommended rate constants

rate = k[H] [F][M)

T
9

9
T

29
T

T
~-28

T

&

6.9x1070
1.4f10‘2
_ 2.7:107
. 5.5x107

_ 9.0007%°
1.4x10

2.8x1077
2:6007

cm6/m012-s
cme/molg—s
cméjmolz—s
cmé/molz—:
cmé/molz—s
cmﬁ/molz-s

cmé/molz—s

~3

H

M

M

M

20.

H+O+M+0H+M

9
Bahn,
et. al.
(1969)

Recommended rate constants

rate = k[H] [0l [M]

29

9
T

9

o L.ixin”
T
-2
_ 2.260

_ 4.4m0”?
T

cm6/m012-s
cmé/molz—s

cmé/molz—s

M

L.
¥
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Table 1.- Continued

21, H+0{'~‘~M+H204M
Ref. Kinetic Methods te Data Comments
9 Recommeneded rate constents rate = k[H] [OH] [M] T in OK
Bahn,
et. al. -29
_ 8.3x10 6 2 2
(1969) ey on /mol -8 v F2
-28 5
= 2——3%10—— cmé/mol"—s M=F
-28
= 1——7—;,;—12— cm6/mol2—s M = HF
22. O+O*M+02+M
9 Reconmended rate constants rate = k[0]2[M] T in °K
Bahn,
et. al. ~31
(1969) k= —3——31.&9——-— cmé/molz-s M= F2
-30
= ’lif;—lg——- cmé/molg—s M=F
-30
= -63—6—,)1,{-1-0——— cme/molz—s M = HF
23. H+H+M—>H2+M
g9 Recommended rate constants rate = k[H]Z[M] T in °x
Bahn,
et. al. e xie]
(1969) = g——i%-&— cn16/m012-s M= F2
~29
= ———————-—l'l;:lo cmé/molg—s M=F
~30
= 5—-6—TXI—O——— cm6/mcl‘2—s M= HF
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Table 1l.- Continued

24. F2+ 2NO0 + M - 2FNO + M
Ref. Kinetic Methods Rate Data Comments
115 Fast flow resctor k = 7.75x20°%° cme/mol‘—s W o= Ar
Pollack,
et. al. Produet analysis: GC, MS, IR R = radiesal
(1973)
wall resctiouns aceounted for
“echanism:
1) F,+NO~FNO +F
2) F+ NC +M~+FNC¥ + M
2) FNO¥ + FNO + hv
4) FNC¥ + M > FNO + M
5 F+RYX>XF +R
6) R + NC - RNO
7Y 3+ F? > HKF + F
8) R + FNO > RF + NC
9} R+ F +RF
10) R+R =R,
80 Steady flow system AH0203°K = -74.8 keal.mole Reaction as chemiluminescent
Johnston, 7
et. al. Calorimeter AH(FNG) = -15.8 keal/mole Mechanism:
(1959 £

T = 294.5 = 299.5 %K

D{F-NC) = 55.4 kcal/mcle

Step 1:

(o]
bHygq O

Step 4:

AR

]

298 °k

"

-19.4 kcal/mole

-55.4 kcal/mole

1} NO + F, = FHO +F
2) N0 + F + FNG+

3} FNO¥ -+ FNG + hv

4) NO+ F +M~>FNO + X
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Table 1.- Continued

24.

F, + 2NO + M ~ 2FNO + M (continued)

2
Ref. Kinetic Methods Rate Data Comments
121 T= 195-38001{ Ea 17 1.5 # 1.0 keal/mele Mexhanism:
Rapp, ; _ 4 )
et. al. Dilute diffusion {lame 4, = 1x10 12 em” /mol-s 1) NO + F, =+ ONF (rate determining
(1960) method step)
2) NO + F - ONF*
Produet analysis: Photogra-
phie {visible) 3) ONF* + ONF + hv
4) ONF¥ + 3 - ONF

25, o .

plin FZO + 1~\T03 -+ I-2 + }E‘NO2 + 02

24 T = 298% For F,li0; + FO + FNO,, Mechanism:
Bruna, .
et. al. Photolytic reaction; O - 4 -1 1) F.0+ hv~F + FO
(1972) inhibition 2 A = 10%s ) 2

o _ -8 -1 2} FO + FNO, ~FNO_, +F + 0
A = 3650 & At 298%K, k = 4.8¢107 s 3 2 )
At 307°%K 3) F*F+M>F, +H
b
x = 18007 &1 4) FO + FNO, k4 F N0, (unbalanced)
At 317°K, 5) FO + F N0, + FNO, + F, + 0,
¥ = 41007 st

26. . on + NOF NDZF + F2

24, A= 3650 2 Quantur yield < 1 and depends N02F has an inhibiting effect
Bruna, o orn [NO_F] on the raie
et. al. T = 298 %K 2
(1972)

gt . -
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Table 1.- Continued

27. 2FN03 > 2FN02 + 02
Ref., Kinetic Methods Rate Data Commer:ts
140 T = 373K k, = 5.,80x10% exp (2 9;.?0) Al Explosive ut low pressures
Skiens,
et. al. Thermal reaction At 7 = 353°K, Mechanism:
(1958) .
Produet‘analysis: IR, MS, gas 11/2 = 7 hours 1) FNO3 + 7+ N03 (rate determining
density step)
a N EY
D(F-K0.,) = 29.7 keal/uole 2) Oy + W0y + 20, + 0)
3) NO, + F + M+ FNO, + M
E = 8 keal/mole
a, 2
Mechanisr chenges with added xaz Mechanism:
Reaction becomes: 2) NO3 + N02 + N02 + NG + 02
FNO3 + N02 - FNO2 + N03 3) NO3 + NO -+ 2NO2
4) 2N0 + O, ~ 20,
138 Thermal reaction Anm l.J..l)-:l(f9 cmB/mol—s Mechanism:
Sicre, -
et. al. T = 363 - 383 °K E = 22.7 keal/mole 1) FNO, +F + NO
(1962) 2 3 3
F,'Z catalyzed decomposition 2) NOB * F2 - NOZ’.F + OF
1 1
3) OF + NOF + 5 F, + FNO, + 5 0,
28. F2 + 2N02 -+ 2FN02
113 T = 300.9%, 323.6 %K, 343.4 °K rate = K[NO1[F,) Mechard sm:
Perrine, « -
et. al. Product analysis: optical, . i1} No, + F,+ F+ FNO
(1953) absorptiometric A = 2,707 cmzjmol's 2 2 2

Ea = 10.47x0.18 keal/mole

2) KO, + F +M>ENC, + M
- £
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Table l.- Continued

28. F, + 2N0, > 2FNO,, (continued)
Ref. Kinetic Methods Rate pata Corments
141 A = 2300-4000 & Net reaction: Mechenism:
Smardzewski, F2 + NO2 -+ NO + OF2
et. al. Cryogenig matrix study 1} F? + Ly -+ 2F
(1974) T= :

Z) NO, + hw > NO + 0

Produel anzlysis: IR , Raman '
of 0FandOF2 3) Q+F=CF

4) OF + F » DF2

5) 0+ F,~0OF,

6) OF + hv + OF + F
29. F2 * NZD e GF2 + N,?, .
112 T = 4% D(O-F) * 40 keal/mole Mechanism:
Ogden, ‘
et. al. Photolysis source: Hg lamp 1) F+ NO->OF + N
(1967) 2 2

Product detection: IR 2) OF +F » oF,

3) OF+F2+OF2+F
30. NF2+F+M—>NF3+M
32 - Discharge flow system AUO298 = -60,5 kcal/mole
Clyne, i 31
et. al. Product analysis: MS KngaOr = {8.9£3.3)x10

298K
(1974) 6 5
em fmol”-s

31. 0 (ata) + NE(='a) » 0,(%57) + WF(v'E")
71 ) Radio frequency descharge k = 2xl0"lg cm3 /mol-s
Herbelin,
et. al.
(1973)

RO S SN




Table 1.~ Continued

oy

32. NE(%B)) + H o BE(v - 2) + NE(bEY)
Ref. Kinmetic Methods Rate Data Comments
71 Radic frequency discharge flow k=2x 10-13 c)m3 /mol-s Mechanism:
Herbelin, system P ¥ 1
et. al. . NFz( 131) + I+ HF + NF(a™a)
(1973)
> 1
HF{v &% 2) + NF{a™a) +
HF(v - 2) + KF(bz")
*
Efficient quenchers of HF :
1F(0), CO,, NO
¥
Inefficient quenchers of HF : NF(alA)
33. F + M{3 > HF + NH2
115 Fast flow reactor k=15.5x 10-13 cm3/mol-s
Pollack,
et., al. Product analysis: GC, MS, IR
(1973)
24, F0+FO-».2}3‘+02
) T = 0 o [
32 T = 298K AU298°K = -16.3 kcal/mole
Clyne, -12 3
et. al. Discharge flow system ¥ 0aq0,= (8.5 = 2.8) x 10 cm”/mol-s
2987 K
(1974)
) Product analysis: MS
35. F + O3,+ OF + 02
151 Produet analysis: MS of OF A=228%x lO"Mcm3 /mol-s Intermediate reaction:
Wagner
et. a.lt F from microwave discharge Ea = 450 cal/mole op* + OF = OF + 02
(1972) : 13
Flow system k 2 3.3 x 10 “em” /mol-s
* ¢ ¥ 4

4
z




Table 1.~ Continued

35. F o+ O3 - OF + 02 (continued)
Ref. Kinetice Methods Rate pata Comments
' 149 T = 208% k298°K =g8.3x lO"lzcm3 /mol-s Subsequent rapid reaction is:
Wagner,
et. al. F atoms produced by microwave N+O0F~+NO+F
(1971) discharge
Product analysis: MS of OF
142 T = 273 - 293K Quantun yield at 293°K = Observed product is O(°P)
Staricce
et. al.,o’ A= 5760 & 4.6 x 103’“01/ photon Reaction 35 is at least 4
1962 = times slower than
( ) E, ® 3 keal/mole F+0,F+0,+ O(BP)
e
Temperature coefficient = . .
1.19 /lO° rise Long chain lengths postulated.
4ax0
g
at abs
137 T = 318 - 338°K Temperatureocoefficient. Wall reactions impdrtant
Sicre, = 2.0/10" rise
et. al. Thermal reactlen F atoms react with decomposition
(1958) products at 03:
P = 15-400 torr %
> - - 03 + 0+ O2
36. F20 + 2.F2SO +F 4 S0 + F2302
27 . T =278 = 293% Quantum yield = 1,0 mol/hv Rate is:
Castellano,f
. ?'1:96% A =13650 8 a) independent of reactant concentration
b) independent of oxygen concentration
¢) independent of temperature
No thermal reaction occurs
Mechanism:
1) F20+ hv + F + FO
2) T+ F?_so -+ F380
3) F280 + FO » F2802 + F
= 4) 2FBSO + F4SO + F250

S s bl
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Table 1.- Continued

3. F2 + FZSO - F4SO
Ref. Kinetic Methods Rate Data Comments
27 A = 3650 2 At T = 29301(. thermal reaction is Mechanism:
Castellano, 20% of photeolytic reaction
et. al. T = 278 ~ 293 %K : i) F, =+ 2F
(1964) For: PF < 30 torr, ¢ = 1.0 mol/photon “
2 o 2) F+FQSO—>FBSO
PF = 250 torr, T = 278 'K, .
2 3) FBSO+F.,->F4SO+F
¢ = 1.12 mol/photon “
&) ZE’BSO - F4SO + FESO
P =250 torr, T = 293 °K,
F)
¢ = 1.28 mol/phaoton
148 T = 323 - 39301( Activation energies for steps Independent of pressure
Vallana, in mechanism:
et. al. Thermal reaction Mechanism:
(1964)
Ea,l = 12.0 keal/mole 1) FESO + F2 - r350 +F
Ea,B = 18.0 kcal/mole 2) F+ F280 > F330
‘ Ea,4 = 9.8 keal/mole 3) 2F,80 + F, ZFBSO
E, 5= 0 4) F,80 + Fy+F,80 +F
2
5) 2F4S0 > F,S0 + F,80
38. CO+O+M+002+M
98 l High pressure limit k= 8}:10"15 exp (— 2 700) cm3 /mol-s
RT
Mahan, et. al.
(1961)
< 1 3
ST -
¥ e
* g&- K




Pable 1.— Continued
38. CO+ 0 +M=>CO,+M (continued)
Ref. Kinetic Methods Rateée Data Comments
139 xZ 22008 High pressure: Mechanism:
Simonaitis, ~14 3 3. N 3
et. al. N,0 diluent gas A= = 2,66 x 10 em” /mol-3 1) O(“B; +CC +M«< 002( B2) +M
(1972) :
Product analysis: GC , E,. = 2900 cal/mole 2) €0,(%8,) % co,('8,)
. 1 1+
Low pressure: 3) COZ( B2) + M- 002( Zg) + M
A, =1.63x 1072 cmé/molz—s
Ea,O = 4100 cal/mole "
Bk
L Lk
] k—l
39. CO+OH+COZ+H
156 A=51x 10‘13cm3/m01-s
Wilsen
(1972) Ea = 596 cal/mole
. 1
40. F+002+M-> CF30F+—2-02+M
86 T = 353 - 408°K Quantum yield < 0.1 mol/photon Mechanism:
Jubert
et. 311 Photochemical reaction E = 10,94£0.3 kcal/mole 1) F, + hy =+ 2F
(1969) 2,2 ) 2
A = 3130, 3650 & ‘ D(FO-0) = 14+2 keal/mole 2) F+C0,+M>FCO, +M
Product snalysis: IR, UV, third 3) FCO, + F - CF,OF + = 0
visible body efficiency 2 3 Z 2(tmbalant:ed)
L) FCO, + F,+CFOF + 50
F2 1.0 2 2 3 2 (%mbalanced)
Q, 1.0 5)F+F+M+F2+M
N 1.0 6) F ¥, gr 410
4 272
002 1.5 -
CF,0F 2.0 7) F+ 0, <F0,
SiF, 2.0 8) FO, + F+F,+0,
- CF 6.5
w .

I R T AR e R e - b i AR - 50 N . vtk s = ; a -

ity s s ostubiabel
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Table 1.~ Continued

- } 0
41, F2 + C0 + 0'2 ¥ COF2 + €0 + (FCO )202
Ref. ‘ Kinetic Methods Rate Data Comments
70' Thermel reaction - %)- = k(FZ)(CO) FZ + 00~ FCO + F  (rate deter-
Heras, 133 mining step)
et. al. Product detection: pressure Ards =7.8x10 em”/mol-s Chain reaction mechanism
(1961) measurements :
Ea rds = 13500£1200 cal/mole
T = 288 - 318% S8
Steric factor: 4
a=2.8x10
Temperaturg coefficient =
2.10/1C" rise
42. SCH20 + 60~ 3H2 + 3C0 + 21120 + 2(3()2 + L)2
s} ~-13 .
72 T = 300K kBOOOK = (1.5%0.4) x 10 Mechanism:
Herron, 3
et. al. Flow system cm” /mol-s 1) 0+ CH20 + OH + CHO
(1969) -
Product analysis: MS 2) 0+ OH » 0, +H
3) O+ CHO -+ CO + OH
4) O+CHO+002+H
5) OH + CH,0 + H,0 + CHO
6) OH + 0H+H20+ 0
7) H+ CH,0 + H, + CHO
g8) H=+ CH0+1{2 + C0
43, CH2 + OH -+ CHO + H20
_ O _ -11 3 . .
111 T = 353K k = 1.4x10 em” /mol-s. Error in rate data = % 25%
Meorris,
et. al. Discharge flow system
(1971)

Product analysis: MS

Photolytic resction

i
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Table 1.~ Continued

4. CF20 + F2 - CFBOF + CFBOOCF3
Ref. Kinetiec Methods Rate Data Comments
o 2[CF20J
ngez T = 288 - 353°K QCF:,O = mb—]———— Mechanism without 02 inhibition:
et. al. A= 3650 3 1) F, + hv + 2F
(1974) 19 “
= 1 n
Io 110 2) P+ VFZO - CF20F
At T = 303°K, ep = 6.61x10"7 torr+ Quantum yield = 2 mol/pheton 3) 2CF0F -+ (CF20F)§
2
. ) t
Ea’;, = 6.2 kealmels %) (CFZOF )5 - (CFZOF )2
I o . wall
Ea,é—Ea,4 = 5 keal/mole 5) (LVFEOF)E‘,_' '—‘—>CF30F + CF20
Ea,8 =0 &) (CFZGF)5 + CF,0 + ((35‘30)2 + CF,0
1
Ea,9 =0 7) (CFZOF )2 -+ 2CF30F (unbalanced)
z ] 1 wall 1
Ea,9' 1143 keal/mole 8) F & F2
Ea,lo 2 3 keal/mole 9) F+o0, z FO,
10) F+F02+F2+02
No thermal reaction occurs
45. 201{302 - 2GH30 + O2
93 T = 283% k=2x 20 e mol-s
Lewy -
(1972) A =313 R
46. CHBO + 92 - CH20 + HO2
67 Estimated rate data A=i.7 %1075 en’/mol-s
Heicklen,
et. al. E_ = 6360 cal/mole
(1968) 3 /1

N P T
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Tahle Ll.— Continued

47. CH,0 + NO - CH,0 + HNO
Ref. Kinetic Method Rate Data Comments
102 A = 3660 8 X = 1.0 x 10 en’/mol-s
McGraw,
et, al. Flow system
(1969) 15 3
I, = 6.0 x 107 photons/cm’-s
s N,
48. CHB') * M)Z CH30N02
68 l k -1.0x 1043 cm3 /mol-gs
Heicklen, et.
al. (1968} | )
43. 0}53 + CHBC;&O -+ CH4 + CH300
ez 1 OF s . - : . ~
KEZr, » = 3660 & Adf(CnBCO) 3.1 keal/mole M = Co, (CH3)2NZ, n C5H10
et . 113,
e(atl:ésésig.. Produet analysis: k8 2.6 x'10 cm” /mol-s Vechanism: i
Ag = 5,25 x 10_13 cm3/mol—s 1) (CH,).N, + hv + 2CH, + N
3272 3 2
Ea,o = 6800 cal/mole 2) GHiy + €O+ CHyC0"
N ~13 3
Ao = 3:0 % 1077 em’/mol-s 3) CHy00" + Cly + 0O
E,,10 7 7100 cal/mole 4) cnsco* + M CH,C0 + M
Assumed: kg 5) CH{CO + M ca3co* + M
6) CH300 + CH3 -+ CH3GOGH3
7) ZCH300 > (CH3C0 )2
8) 2CH3 -+ CZHG
9) CH3 + CH,GHO ~ CH, + CH300
10) CH3 + (CH3)2N2 + (CH3 )§NNCHB
50. M+ CH3 + 02 - CH302 + M
1 ~32 6, .2
67, Beicklen, Estimated rateé data k=8x10 em” /mol”-s

et. al.(1968)

Ly
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Teble 1.- Continued

51. CH4 + OH CH3 + H20
Ref'. Kinetic Methods Rate Data Comments
. ] _ -11 3

156 Review of rate data A=4.8x10 cm” /mol-s

Wilson

(1972) Ea = 4970 cal/mole

157 O produced from H + HNO A=4.8x ZLO":L1 cms/mol—s Mechanism:

Wilson, 2

et. al. Fast flow reactor E_ = 5000 cal/mole (1) o, + OH+CH_+ H,0

(1967) a 4 3

Product analysis: ESR (2) CH, + OH -+ H,00 + H,

(3) CH, + 0, + H,CO + OH
(4) H200 + OH - HCO + H20
(5) HL 00 + H-+HCO + H,
(6) HCO + OH -+ CQ + H,0
(7) HCO + H GO+ H,

5z. o+ CH4 + OH + GH3

65 4 = 10670 en’/moi-s Assumed

Harteck,

et. al. E_ = 7 kcal/mole

(1931) a

B L= T ST TR
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Table 1.- Continued

52, 0+ CH4 > OH + (}H3 (continued )
Ref. Kinetic Methods Rate Data Comments
61 Photolysis of N20 at A = For translationally energetic Mechanism:
Greenberg : . 1 Ion.
roenerEs 2139 8 o produce 0(~D) o(*p): (1) o(lp) + CH, » H0 + OH,
(1972) = 0. -
T = 298K k~1—5—-——-=2.28i0.20 (2) HO + CH, + H,0 + CH
kgt kg 472 3
Product analysis: GG 3) 2H, > C,)Hé
P = 13-100 torr For no excess translutional ¢
energy: {4) H0>+ CHy -+ CH;O0H
. {5) o('D) + CH, » CH,OH
X5 47 O
= 1,35 = C.3C 1
ktky (6) o('D) + N0 + Ny, + 02
(7) o('p) + N0 » 20
Rates measured relative to
reacticns 6 and 7 where
_ - ~=10 3
k6 + kg = 1.8xi0 . cm”/mol-s
from reference 202.
Important of reactions:
o('p) + O, ~ HO + CHy 95% 58
o(p) + CH, ol 3p) + cH,
5+ 5%
o(*p) + CH,  CH, + H,0
<3%
1 A
o("D) + uH‘,' - CHBOH
<1%
1
o( D)+CH4—>CH20+H2
-<0.2%
153 T = 500 - 900°K A= 3.3 x 107 en’/mol-s
Westenberg,
et. al. Fast flow reactor E_ = 9200 cal/mole
(1969) &

Product analysis: ESR
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Table 1l.- Continued

53.

CH + H,S+ GH, + SH

2 4
Ref. ‘ Kinetic Methods Rate Data Comments
77 Photolysis of CH300H3 to A=4,2x10 -13 cm3 /mol-s Mechanism:
Imai,
et. al. produce CHy E, = 2600 cal/mole (1) CH,COCH; + ny » CHCO + CHy
(1960) T = 323 - 419K
* (2) CHBCO - CHB + GO
Product analysis: gas burette,
derivative preparation (3) 2CHB > CZHG
(4) Cl{3 + CH3COCH3 > CH4 + CHBCOCHZ
(5) CHy + HyS - CH, + SH
78 Photolysis of CH,CHO to A2 Rate measured relative to:
Inmai, twce CHL. 2=1.7%0.5
et. al. produce CHy A (1) CH, + CH,CHO - CH, + CH,CO
(1960) T = 423 - 633% > 2 "
‘ El—l-:2 = 4.0 kcal/mole (2) CHB + st - CH4 + SH
Product detection: pressure Mechanism: -

measurements

(1) CH30H0 + hy +CH3 + CHO

{(2) CHO=»CO + H

(3) H+cx-:30H0+H + CH,CQ

2 3
(4) cnzco -+ cﬁj + €0
(5) CHy + CH,CHO > CH, + CH,C0
(6) 2CH, + C Hy
(7) CHg + HyS + GH, + SH
(8) SH + CH,CHO + H,S + CH,CO
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Table 1.~ Continued

54. CF3 + HyS - CHF3 + SH
Ref. Kinetic Methods Rate Data Comments
& Product analysis; GO A= {7.7£1.1) % 10"14 cm3 /mel-g Measured relative 1o
Arthur, reconbiration rate constant
et. al. Vacuum system E = 3880£260 cal/mole for CF3
(1966)
A=100= 275 8 Mechanism:
Ea 2= 0 assumed
Plotolysis of (CFB )200 to ’ (1) (CF‘3 )2(}0 + hy + 2CF3 + €0
produce CF. o
3 {z) ZCFB*C2F6
{3) CFy + HyS » CHF; + SH
(4) 28H +H2 + 82
(5) 2sH-HS+S
55. 6CF3 + BGHA- -+ CZHK) + CZF‘6 + CF30H3 + BCHF3
7 A = 3000 - 3200 B At.T = 400°K, Mechanisim:
Ayscough, = -11 3
et. al. Rotating sector technique ky = 3.88 x 107 en/mol-s (1) CF,COCF, + By + 20, + CO
(1955) £ 2 1.5 xeal/mol 37773
Product analysis: IR p T 4.0 fealjmole (2) 207+ C;F,
L ~-11 3
iy = 9.3 x 10 en” /mol-s (3) GF., + CH, + CHF,, + CH,
X 2 4 3 3
3 -7 {4) CF, + CH, + CF cH
-—7—kl > 7.7 x 10~ exp 3 3 33
2 - ’ 3
(2 (203002500) a2, 172 (5) 2oy > Ol
Rt <
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Table 1.~ Continued

55, 6CF3 + 3CH4 + CZH6 + CZFG + CF CH3 + BCHF3 (continued)
Ref. Kinetic Methods Rate Data Comments
2 Photolysis of (CF,),CO to
32
Alcock, P
ot. al. produce C 3
(1965) A > 2860 &

Preduct analysis: GC

= 426 - 568°K
= 417 - &73°K
= 423-533 °Kk

No photoiytic products

E, = o]
%
3 . -7
;75 = (1.5 = 0.7)x10
2
exp ( - (11302T soo)) 12,001

Low pressure competition reactions

-»(21404);105 exp

~ ,\j"‘g

(10600 200)) /2 /mol S1/2

X

Ffi 2 2000

7

X
_1_%= (2.5 + 0.8) x 1070 exp
Lo
( (30900 300)) /.moll‘/z— slf2
Xk
..1_9/2. = (1.1t .5)x 107 exp
¥

2

' (8400 * 100)) cm"/z/mol /2_ 1/2

12_1/

n

&

Assumed

Mechaniem of reference 9 (above)

6) CF +CH331->CEF + CH,C1

3 2

+ CHBCI > CClF'3 + CH3

8) CF, =+ CHSEr e CHF3 + CHZBI‘

7) CF

\Abj

9) CF, +

CHBBr -+ CBrF 3 + CH3
10) CF, + CHBI > CHIiB + CHZI

11) CF, + 01{31 -+ CIF3 + cH3

WwWoW W W

i
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Table l.~ Continued

55.

6CF3 + JCH4 s C2H6 + G?.Fe * CFSCHB + 3CBF3 (continued)

Ref,

Kinetiv Methods

o Rate Date

Comments

2 (continued)

X ‘ .
8 . ton s 6} exp (" (25001:;_ 250}y

— = {22
Xy
2 o _ gl

328 - 483K 7—k1° (7.0  2.5) = 107 exp
(-Lzzqo__ag-g).) VYRV IRV
ilﬂl?-= {(6.24+1.2)x 1077 exp
k2
(—(3300‘5 150)) emd’? o -1/2
kig (28 = 11) exp(——————(1’900+%00))

8 T = 353 - 573%K Relative rate measured
Ayscough, EBT? =1.29 x 107 ex p(‘w) using mecharism of
et. al. A= 3130 2 k. f references 2 and 9,
(1955) 2

Product anglysis: gas burette,
MS, IR
56. CF+F + M~ CF2 + M
110 T = 1760 - 3000°K k= -——8——-1’8“10—21 en®/mo1%-s M= Ar
Modica, '1'2' ’
et. al. Shock tube
(19683

Product analysis: UV

W4
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Table 1.- Continued
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57. 0+ (22H4 -+ CH20 + 01{4 + CHBCHD + €O + H2 + 02
Ref. Xinetic Methods Rate Data Gomments
72 Low pressure Steps 6-8 originally proposed Ciarificaticn of mechanism:
Herron, in reference 191.
et. al. Flow system 1) 0+ 021!4 -+ CH3 + CHO
(1969)
Product analysis: MS From reference 192: 2) 0+ CH3 + CH20 + H
K, = 6.3 x 10 2em /mo1 -6 3) 0 + CHO » CO + OH
kg = 3.6 x 1074 cmB/moL—s 4) 0+ OH~ 0, +H
From reference 193: 51 0+ CH2O > OH + CHO
ky = (3.2 # 0.5) x 207 6) H+HOO +H, + CO
e /mol-s 7) CHy + GHO ~+ CH,CHO
8} CHy + CHO -+ CH4 + OH
o -12
37 T = 232 - 500°K A =(5.42 £ 0.30) x 10
Davis, 3 -
et. al. A = 1759 R enr”/mol-s
(1972) . - .
Flask photolysis-resonance Ea~ 1130 * 32 cal/mole
fluorescence technique
3 1
58, 4 0(°P) + 40,F, = 3CF,0 + 2°CF, + CF, 0 + CF0,
U6 - A > 3000 & k=5x10% st
Tyerman, ’
et. al. Flash photolysis
(1969)
Product analysis: IR
81 a2 22008 Quantum yield of CF,0 = 1.0 mol/ Mechanism:
Johnston, photon 3 3
et, al. Product detection: IR of CF20 1) o(”P) + 02F > CF2O + CF‘2
(1967) 3 4
%
ky e 5.0y 10710 32 11/2 1/2 2) of P)+02F4—>02F40
7z = O X em”’ T /mo -8 ) 30F N CF0
x, 3 2t 0y > CF0,

3 *
4) 2 CFZ-*- C2F4




~ Table 1.- Continued

%S

59. o’p) + CF,=CFCl » CF,0 + CFCl0 + CF
Ref. Kinetie Method Rate Data Comments
146 Flash phot0¢y51s of 0, to =3.9x J.O—:Ll cmB/mol—s Rate measured relative to the
Tyerman, rate of Q(“P) +CF
et. al.. produce D( P) ( ) o+
(1969) > 3000 8 E, = 2.61 kcal/mole
Product analysis: IR
60. o3p) + cz—*2=ccl2 + CF,0 + CCL,0 + CF, + CC1
146 1 ash Uhc.tolys:.s of O = 5.7vx .'lO":LZ cmj/mol-s Rate measured relative to the
T
eséerﬁn to produce 0(P) rate of 0(°P) + C,F,
(1969) X > 3000 B E, = 1.29 keal/mole
Product analysis: IR
61. F2 + 02 + CClz=CC:L2 -+ GClZ'FCOCI + CCL,Ccoc1 + 00120
104 Product analysis: derivatives I Non-gaseous products
Miller, made and characterized Vhen ZJ = 2.8,
et. al. IFZJ Mechanism:
(1956)

[CC1,FCOCLY : ICCI3

When [02] :[F2] = 4.7,
COC1])
[C0120] =1.0: 3.0

[CCl2FCOCl] 3 [CCl3

0.40

COC1} =
[00120J =1.0: 4.5 1.5

2 CCleCCIZ +F

2) CClzccl, + F =+ CCL,FCCL,

1) 'CCl?fCCl2 +F

3) rzclecm_;J +0, > C012F001202

4) cci FC01202 =+ GC1,FCOCL + C10

2=CC}.2 + Cl0 + CCI3CO(:1 + C1

6) CC1FCC1,0, + CC1FCOCL + €10

5) Ccc1

7) cci SFCC1,0, + 2061,0 + F
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Table 1.- Continued

62. 30H2=CH2 + 50013131' - CClBCﬁchEBr + 200130013 + 20H2BrCHzBr
Ref. Kinetic Methods Rate Data Comments
144, Rotating sector technique 1) CCIBBr + hy > CCl3 + Br
Tedder, 8 : -16 . 3
et. al. A > 2800 2 4 =6.6x10"" om /mol-s 2) CCl, + CH,=CH, - CCl,CHC
(1966) 3+ RO, 3CHCly
Product analysis: gas density E, = 3200 * 300 cal/mole 3) 0013c112cH2 + COlBBr +
CClBCHZGHZBr + C.Cl3
4) CCL, + GCly + G0,
5} Br + CH2=CH2 -+ CH20H25r
6) CH20H2E\1~ + CCl3Br -+
CHZBrCHzBr + CCl3
=L, + 2
63. 3CHF=CH,, + 5CC13Br + CCL,CHFCH,Br + 200130013 CHFBrCH,Br
144, Product enalysis: gas density A=714.18 + 0.16) x 108 en’/mol-s Mechanism is identical to the
Tedder, mechanism of reaction 62.
et. al. A > 2800 & E, = 5300 £ 200 cal/mole
(1966)
Rotating sector technique
64+ 30H2=CHF + 5CClBBr - CClBCHZCHFBr + 2CHFBI‘CH2BI' + .’2{)‘(}3.3,CC13
144 Product enalysis: gas density A=5.27 £+ 0.19 x 10—16 cm3 /mol-s Mechanism is identical to the
Tedder, R mechanism of reaction 62.
redder, A > 2800 & E_ = 3300 + 200 cal/mole
(1966) Rotating sector technique
65, BCH2=CF2 + 50013131‘ -+ CClBC[{zCF 2Br + ZCHZBI‘CFZBI' + ZCC".I.BCCI3
144 Product analysis: gas density A=1{8.42%0.4)x 10"16 c:m3 /mol-s Mechanism is identical to the
Tedder , mechanism of reaction 62.
et. al, A > 2800 2 E, = 4600 £ 300 cal/mole
(1966)

Rotating sector technique

il
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Table 1.- Continued

66.

3CH2=CF2 + 5CCl.Br =+ CCl.CF,CH

Br + ZCHZBrCF Br + 2CC1,CCL

3 3°r2772 2 373
Ref. Kinetic Methods Rate Data Comments
144 A > 2800 A=(531%0.3)x 10‘16 cm3/mol—s Mechanism is identical to the
Tedder, mechanism of reaction 62.
et. al. Rotating sector technique E_ = 8300 * 500 cal/mole
a
(1966)
Product analysis: gas density
67. SCHF=CF2 + SCCl3Br *’CC13CHFCFzBr + ZCHFBrCFZBr + 2CCl3C(Il3
144 A > 2800 X A= (3.3 £0.2) x 10-15 cmalmol—s Mechanism is identical to the
Tedder, mechanism of reaction 62.
et. al. Rotating sector technique Ea = 6100 * 800 cal/mole
(1966)
Product analysis: gas demsity
68. 38HF=CF2 +-5CCl3Br -+ CC13CFZCHFBr + ZCHFBICFZBr + 2CCl3CCI3
144 A > 2800 £ A=14.2 £0.3x 10-15 cm3/mol—5 Mechanism is identical to the
Tedder, mechanism of reaction 62.
et. al. Rotating sector technique Ea = 7100 * 700 cal/mole
(1966)
Product analysis: gas density
69. 3CF2=CF2 + SCCI3BI > CCl3CFZCF2Br + ZCFZBrCFzBr + ZCC13CC13
144 A > 2800 & A=2.1%0.1x 10—14 cm3/mol~s Mechanism is identical to the
Tedder, mechanism of reaction 62.
et, al, Rotating sector technique Ea = 6100 * 400 cal/mole
(1966)
Product analysis: gas density
CF CF,CF
70. CRy=CF, + O=N-F + & + 3 + 3 ZL ]
] F2 Fz FZC F2 F2 F2
3 UV photolysis AH?(CFZ) = ~17 kcal/mole Product analysis ounly
Andreades
- (1962) Product analysis: VPC, IR, MS A true insertion mechanism is not

necessarily followed.




Table 1.- Continued

7 5 - ' 3
71. 2 FZ + 3 Cl2 + 6C(212—C€212 + C2(116 + 2CCL FCCIZI‘ + 1'5(}(1121"‘(1(",13
Ref. Kinetic Methods Rate Data Comments
105 T = 152 °K Mechanism:
Miller,
et. al. Thermal reaction 1) ¢c1,=CcCl, + F, + CCl FCCl, + F
(1956) 2 2 2 2 2
Product analysis: titration, deriva 2) CC12F0C12 + F -+ CClZFccle
tive preparation and character-
ization 3) c¢¢i,=CcCl, + F -+ CC1l,FCCLl
2 2 2 2
4) CC121~‘C612 + C12 + C(312FCCl3 + Cl
5) CClZ=Ccl2 + C1 + CClE,'CCI2
6) CCl:,,CCl2 + Clzv+ C0130C13 + C1
7) CClZFCCI2 + F?. *> CClZFCCle + F
8) CC13C012 + F?. > CCl3CC12F + F
F Xz
72. v > C}S‘2 + CX2=CX2
2
15 T = 433 ~ 473 °K X=201, F Slow, quantitative thermal reaction
Birchall,
et. al. Product observation
(1967)
73. C3H8 + M > CH3 + 02}!5 +M
58 X =1236.0 8 Quantum yield of 3CH2 = 0.035 mol/ M= HZS’ NO
Gawlowski, h 3
et. al. High pressure case photon Assumes CH,("P) and H,S react
(1975) 2 2
Product analysis: MS Product identification only
74, 302H58r > CyH, + 3HBr + CyHs + C,yly
59 T = 583 - 749 °K A=6.34x 1011 s_1 Added HBr enhances rate
Goldberg,
et. al. Pyrolysis reaction E_ = 46400 * 500 cal/mole Added CZH[‘ inhibits rate
v (1957) . a
~!

S A s W
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Table 1.~ Continued

Th, 3CaligBr + Cply + 3HBr + Colls + CxHy (continued)

Ref. Kinetic Methods Rate Data Comments

59 (continued)  Product analysis: titration of HBx Mechanism:
1) CZHSBr > 02H4 + HBr
2) CZHSBrwall + HBrwall -+ CZH6 + Br2
)M+ B]:2 + 2Br + M
4) Br + CZHSBr - CZHl;Br + HBr
5) CZH,‘Br > C2H4 + Br
6) Br + c?_“l; + CZH3 + HBr
7) Br + CZHG > C?_H:5 + HBr
Main products from step 5
Step 4 is slow and endothermic
Steps 6 and 7 are relatively slow

75. CZHG + F > HF + CZHS

48 T = 165 - 351 °K Transition state theory:

Fettis, -11 3

et, al. F atoms from microwave discharge A= 4.49 x 10 cm” /mol~s

(1964)

Product analysis: GC E_ =220 cal/mole

52 Photolysis of F2 to produce F atoms Ea = 490 cal/mole

Foon, ~13 3

et. al. - Product analysis: GC A=1.0x10 cm”/mol-s (assumed)

(1971) -12 3

k298 og = 4.36 x 10 cm”/mol-s

76. C2H6 + Br Csz + HBr

33 T = 293 “K Ea = 12.3 kcal/mole

Coomber, -1 3

et. al. Thermal reaction A= 3,26 x 10 cm” /mol-s

(1966)

Product analysis: IR, VPC

e aeite
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Tadle 1.- Continued
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77. CZHSF + Br = CH3CHF + HBr
Ref. Kinetic Methods Rate Data Comments
33 T = 293 °K E_ = 10.3 kcal/mole
Coomber, -12 3
et. al. Thermal reaction A =3.99 x 10 cm” /mol-s
(1966) :

Product analysis: IR, VPC
78. CH3CHF2 + Br - CH3CF2 + HBr
33 T = 293 °K E. = 13.3 kcal/mole

a

Coomber; -12 3
et. al. Thermal reaction A=5.5x10 cm” /mol-s
(1966)

Product analysis: IR, VPC
73. CI:IBGF3 + Br -+ CHZCF3 + HBr
33 T = 293 °K E, = 22.2 kcal/mole
Coomber, -1 3
et, al. Thermal reaction A=2.5x10 cm” /mol-s
(1966)

Product analysis: IR, VPC
80. CHF?_CH‘E‘2 + Br -+ CHI:‘ZCF2 + HBr
33 T = 293 °K E, = 18.1 kcal/mole
Coomber, “12 3
et. al. Thermal reaction A=9.3x10 cm” /mol-s
(1966)

Product analysis: IR, VPC
81. CF3CH2F + Br > CF3CHF + HBr
33 T = 293 °K E = 18.2 kcal/mole
Coomber, -12 3
et. al. Thermal reaction A=9.0x 10 cm” /mol-s
(1966) '

Product analysis: IR, VPC

B s :
L P B



Table l.— Continued

09

4004 ST OHVd TVNIDTE:
THL d0 XITIFI0Nqosddd

¥

-
s

82. CF3CHF2 + Br -+ (.‘,}'.~'3CF2 + HBr
Ref. Kinetic Methods Rate Data Comments
143 Thermal reaction E = 18.0 kcal/mole
Tarr, ~12 3
et. al. Product analysis: GC A=27x10 cm” /mol-s
(1965)
83. 2001F2CC1F2 '+ F2 -+ ZCClFZCF3 + 2C1F
)
54 T =732 - 798 °K Rate = K T, T[CCIT,CCIF,] Mechanism for R = CCIF,CF,:
Foon, 2 2
et. al. Static system E, = 36.450 = 0.300 kcal/mole DF, + M+ 2F+ M
X a 2
(1972) 3/2 1/2
Product anal sis: GC A= (206 * 80) cm™’ “/mol ™ “-s 2) F + RCL +~ C1F + R
3) R+ ClF +RCL + F
4) R+ Fy > RF + F
5) R + CLF + RF + C1
6) C1+F2->ClF+F'
7)F+F+M+F2+M
84. CF:‘}CCIF2 + FZ d C2F6 + CIF
54 T = 805.5 X Rate = k[F ]1/2[C F.C1] Mechenism is identical to the
2 2°5 .
Foon, mechanism of reaction 83;
et. al, Static system E_ = 36.520 * 0.300 kcal/mole R = CF,CF,
a 372
(1972) 3/2 1/2
Product analysis: GC A= (81.8 % 1.0) cm™’ “/mol™ g
85.
loCClBCHClz + Cl2 + 2 02 + C2C16 + 2CCI3C0C1 + ZCOCl2 + 4HC1
105 T = 353 - 373 °K Mechanism:
Miller,
et. al, Photolytic reaction 1) Cl2 + hv »+ 2C1
(1956}
Product analysis: derivative preparation| 2) CClBCHCI2 + C1l + CC130012 + HC1
and characterization
3) C('ll:‘}CCl2 + Cl2 - CCl3CCl3 + C1

%) CCl3CC12 + 0, * CC13C01202

%
!
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85. 400130}{012 + Clp + 2 0p ->02016 + 2CC130001 + 2CO(.‘,12 + 4HC1  (continued )
Ref. Kinetic Methods Rate Data Comments
105(continued) 5) CC1,4CCL,0, + CCL4COCL + €10
6) CC13CC1202 -+ 2COC12 + Cl
7) CCl3CHC12 + C10 -+ CC].3C0C1 +
HC1l + Cl1
86. CC13CHC].2 + F2 -+ HF + CClSCClZF
105 T = 370 - 378 °K Mechanism:
Miller, .
et. al.. Product analysis: titration, deriva- 1) cci,cHCl, + F, -+ CC1,CC1l, + HF
. . 3 2 2 3 2
(1956) tive preparation and character- IF
ization
Thermal rezction 2) CC]‘3CC12 HE CC]‘BCCIZF
3) CC13CHC12 + F ~+ CC13C012 + HF
87. F+CHF3+HF+CF3
-13 . 3
115 Fast flow reactor k=1.9 x 10 cm” /mol-s
Pollack,
et. al. Product analysis: GC, MS, IR
(1973)
LY
88. F2+CHF3*CFA+HF
31 T = 301 - 667 °K Pseudo-first order analysis Mechanism:
Clyne, '
et, al. F atoms from microwave discharge aul. . o, = -33.7 kcal/mole 1) F + CHF, + CF, + HF
(1973) 298 “K 3 3
Fast flow reactor A =1.06 ¢ 0.24 x 107 cm3/mol—s 2) CFy + F, > CF, +F
Product anaylsis: MS E_, = 1040 * 326 cal/mole
89. CHF3 + Br = HBr + CF3
143 Product analysis: GC Ea = 21.1 kecal/mole
Tarr, -12 3
et. al. A=3.15x 10 cm” /mol-s
(1965)
L e e L e S gttt o i 2
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Table 1.- Continued

90. F + CHClF2 -+ HE + CC1F2
Ref. Kinetic Methods Rate Data Comments
. -14 3
51 I atoms from discharge A=14.7%x10 cm” /mol-s
Foon,
et. al. Static system E =1.2 kcal/mole
(1969) 13 3
Product analysis: GC k298 ox = 5.0 x 10 cm” /mol-s
e - -12 3
115 Fast flow reactor k298 og = 2.3 x 10 cm” fmol-s
Pollack,
et. al. Product analysis: GC, MS, IR
(1973)
91. F + CHC].3 + HF + CCl3
. . _ -12 3
31 F atoms from microwave discharge k300 og = (5.3t 1.3) % 10 cm” /mol-s
Clyne,
et, al. Fast flow reactor AU;98 og = ~45.55 kecal/mole
(1973)
Product analysis: MS
51 F atoms from discharge A= (3.1%0.2) x 107t em3/mol-s
Foon,
et. al. Static system E = 657 * 48 cal/mole
(1969) 12 3
Product analysis: GC k298 og = 1.0 x 10 cm” /mol-s
92. F + CHCle = HF + CC12F
- -11 3
51 F atoms from discharge A= 1,06 x 10 cm” /mol-s
Foon,
et. al. Static system E = 1.29 kcal/mole
(1969) 12 3
Product analysis: GC kogg og = 1+2 ¥ 10 cm” /mol-s
23. F + CH,F, + HF + CHF,
-11. 3
115 Fast flow reactor k=1.1x10 cm /mol-s
Pollack,
et. al. Product amnalysist MS, GC, IR
(1973)
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Table 1.- Continued

94. Br + CHZF2 = HBr + CHF2
Ref. Kinetic Methods Rate Data Comments
143 Product analysis: GC Ea = 15.3 kcal/mole
Tarr, -12 3
et. al. A=5.5x%10 cm™ /mol-s
(1965)
95. F + CH2C12 -+ HF + CHCl2
s - . -12 3
31 F atoms from microwave discharge k300 og = (9.6 £ 2.4) x 10 cm” /mol-s
Clyne, .
et. al. Fast flow reactor
(1973)
Product analysis: MS
~14 3
51 F atoms from discharge A=2.2%x10 cm” /mol-s
Foon,
et. al, Static system E, = 144 cal/mole
(1969) ~12 3
Product analysis: GC k298 og = 3.4 % 10 cm” /mol-s
96. F + CHSF -+ HF + CHZF
-11 3
115 Fast flow reactor k = 8.8 x 10 cm” /mol-s
Pollack,
et. al. Product analysis: MS, GC, IR
(1973)
97. CH3F + Br > CHZF + HBr
143 Product analysis: GC E = 14.8 kcal/mole
Tarz, “11 3
et. al. A=1,2x 10 cm” /mol-s
(1965)
98. ¥+ CHBCl + HF + CHZCl
31 F atoms from microwave discharge k300 og = (2.4 £ 0.7) x 10-11 cﬁ3/mol—s
Ciyne, -
et. al. Fast flow reactor
(1973)

Product analysis: MS
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Tatie 1.~ Continued

93. F + CHBCL‘, + HF + -'311261 {continued)
Ref. Kinetic Methods Rate Data Comments
i ~-11 3 .
51 F atoms frow disziaarge A=5.3x 10 cre” /mol-s
Foon,
et. al. Static system E = 1.01 keal/mole
(1969)
Product aanlysis: GC
52 F stoms from discharge E = 1.08 kcal/mole
Foon, -13 3
et. al, Siatic system A=1.27 x 10 o’ /mol~s
(1971) -12 3
frovtnet aaglysiss GC k298 eg = 2.0 x 10 em”/mol-g
39 67, & 8TH,I » 20H,F, + 2CH.F + T +3HF+CH1F+IF*+IF
Tr Ty “afa 3 2 2
345 T = 298 “( Reaction accompauied by clenilom—
Rusi, {wzscence in the UV and visible
et, al. Tone reacior regicns
(1967)
Product analvsis: EPR Mechanisme
1) CH31 + ¥ r '1223 + HF
2) CEI?I + F: > CHZIF* + F
3 l.;<.'3,7 ER Y _ESXF + T
4 CILTER M - CH?IF + M
57 CHZIF" + CH.T + 1
6) CR.JF + F, « {H, 0, + F
YL eI Mo I, +H
L+ F -~ ey
iy Naa o gL 4 IF
Lt e T ¥
S R S
o, Foop 0, = B4 04
J— e S —_— PR, «»m«zt‘mama»w. B T P —— Jr—
KL ER ! i ; 2
g’ . P F 2 i
h e . . b
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Table 1l.- Continued

100. F+ CH4 + HF + CH3 {continued )
. Ref. Kinetic Methods Rate Data Comments
31(continued)} = Product analysis: MS Collisional efficiency = 0.1
Fast flow reactor
150 T = 253 - 353 “K A=5.5zx% 1()—11 cm;/mol—s Major chain termination reaction:
Wagner,
et. al. F atoms from microwave discharge E_ = 1150 cal/mole 2CH, + M+ C,H
a 3 276
(1971)
Fast flow reactor
Product analysis: MS
. -11 3
51 Flash photolysis k298 og = 7.1 x 10 cm” /mol-s
Kompa,
et. al.
(1972)
gZ_ F atoms from discharge k298 oK = ,.1 x 10—11 chImol—s
con,
et. al. .
(1571) Static system Ea = 1.81 kcal/mole
Product analysis: GC
103 T = 298 - 423 °K E, - E = 0.5%0.2 kcal/mole Mechanism:
Mercer,
et. al. Thermal reaction 1) F2 + 2F
(1959).
Product analysis: MS ) F+ CHA + UF + CH3
3) CI'I3 + F‘,/2 -+ CH3F +F
Chain mechanism
Surface reactions were important
~12 3
115 Fast flow reactor k apy =1 x 10 cm” /mol-s
298 “K
Pollack,
et. al. Product analysis: MS, GC, IR
(1973)
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Table 1.- Continued

100. F o+ QH, - +CH, (continued)
= -
Ref. Kineric Methods Rate Data Comments
48 T = 165 - 351K Transition state theory:
Fettis, 11 3
et. al. F atows [rom microwave discharge A= 2.64 x 10 cm” /mol-s
(1964)
Predust analysis: GC Ea = 1.21 kcal/mole
Asi = 2.31 cal/mole-SK
ASt = 5.51 cal/mol-"K
Asj = 4.8 cal/mole-"K
101. IIH& + Br ~ CH3 + HBr
143 Product znalysis: GC E =17.3 keal fmole
Tarr, —11 3
et. al. A=2.3x10 em” /mol-s d
{1965) l
102 3CC14 + 6H + 232 ~+ 6HCL + CH2C12 + CHC].3 4+ CHCl1
28 1 =298 °K ail, = +14 keal/mole Mechanism:
Clark,
et. al. Flow system AH.5 = ~65 kcal/mole 1) CClq + B o+ (:CI!.3 + HC1
(1966)
Product analysis: GC k 2) GCl, + H + CRCL *
£ =63 3 3
Ky 3) CHC,% + ¥ CHCL, + M
k[ Mj 4) CHC1.* -+ CCl, + HCl
ERR 3 2
kg 5) CCL, + H, » CH,C1,%
SHe = <45 keal/mole 63 OC1, + HCL » CHCL*
73 i’.‘“:i::l.fl 2* + o CHR(Ilg + M
8} CH,CL,*» CHCL +1lCh
M= Av
132 T =783 - 865 K ¥ = 2.6 % 10"} E‘.ﬂ‘(— ig?'g‘ s Kate consfont Iop CRCI, o CCQ, + NCT
Shilev, - RI :
et, al, Flow system .
{1950)

Product analyvsis: MS

1.

. ooy

sferme 2




L9

Tgble 1.~ Continued

103. F + CCII‘ -+ CCl3 + C1F
Ref. Kinetic Methods Rate Data Comments
R ' -12 3

29 F atoms from discharge k298 OK =3.3x 10 cm” /mol-s
Clark,
et. al. Flow system
(1964)

Product analysis: titration

-14 3
74 Flame study k. G, = 6.6 x 10 cm” /mol-s
298 'K

‘Homann, °
et. al. T = 1500 - 1600 "K
(1971)

P = 77 torr

Product analysis: MS
90 T = 298 °x Kgg O = 4:0 % 1076 en/mol-s
Kolb,
et. al. Discharge-flow system
(1972)

Product analysis: MS
104 F2 + CCl4 -+ CC13F + CIF

= o © _ 1/2

54 T = 399 and 498 K rate = K F,] "' “[ccy,] M = He
Foon, 3/2 1/2
et. al. Static system A =130 em™ "/mol ' "-s Mechanism:
(1972)

Product analysis: GC

Ea = 28.64 + 0.10 kcal/mole

1) Fy + > 2F + M

2) T+ ccl, ZeIF + cel,

3 + F2 -+ CC13F + F

4) €Cl, + CIF -+ CCL

3) cc1

3

5) C1+ F2 +~ ClF + F

6) F+F+M>F

F + ClL

2 + M
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Table L.- Continued

105, FZ + CFCl3 -+ CF2C12 + CIF
Ref. Kirnetic Methods Rate Data Comments
92
s4 T =58 - 733 K A=40.7 £ 0.4 co! 2mort/%s M = He
Foon,
et. al. Static system Ea = 31.49 * 0.10 kcal/mole Mechanism:
(1572)
Thermal reaction 1) F7 + M+ 2F+M
Product analysis: GC 2) T+ CFClq 2 ClF + CFCl2
3 CFCl‘,‘I + FZ - CF2012 + F
4) CFC12 + CIF » CF2012 + C1
5) C1+F2->C1F+F
6) F+F+}I+F2+b(
53 T = 491 - 598 ° rate = WF,. "/ Hcrel,] No rate inhibition by CIF ox 0,
Foon, -4 3/2 1/2
et. al. Static system k=2.4% 10 cm “/mol ' T-s Mechanism:
(1971) 4
Thermal reaction Step AH" (kcal/mole) 1) FZ 4+ M> 2F + M-
Product analysis: GC 1 36.8 2) F+ CFCly = CI1F + Crel,
2 15.1 3) CIF + CFCl2 -+ CF2 + C1
3 ~52.5 4) CIF + F + M » CIF, + M
4 -24.7 5) CLF, + F, + C1F, + F
5 ~0.2 6) CCl, + Fy » CF,Cl, + F (unbalanced)
6 ~76.2 7) €1 + FZ +~ClF + F
7 ~23.7 8)F+F+M+F7+M
8 ~36.8
106. F2 + GFZCI2 > CF3C1 + C1F
54 T = 596 - 747 °K rate = L5, cryc1,] M = He
Foon, 3/2 1/2
et. al. tatiec system = 205. cm™ “/mol” Twg R = CFZCl
(1972}

® s

L (
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Table 1.~ Continued

106.

F, + CF,C1, » CF,C1 + CIF (continued )

3
Ref. Kinetic Methods Rate Data Comments
54 (continued)] Product analysis: GC E. = 34.92 # 0.30 kcal/mole Mechanism:

a

1) Fp + M+ 2F +
2) F + RC1 2 CIF + R

3) R+ F, > RE + F

2
4) R + CLF + RF + CL

5 CL+F, + ClF + F

2

6) F+ F+ M=+ F M

2 +

Product analysis: molecular beam MS

107. CFBCl + F2 > CF[‘ + CIF
54 T = 732 - 798 % rate = F,1 '/ F crye1) M = He
Foon, 3/2, 1/2
et. al. Static system A =28.18 + 0.02 c™" “/mol™ " "~s R = CF3
C (1972}
Product analysis: GC Ea = 39.02 kcal/mole Mechanism is identical to the
mechanism of reaction 106.
108. CF4+}I->CF3+F+M
110 T = 1700 - 3000 °K = 102 x 10'? exp (- 122621y 3, M= Ar
Modica, 464 P RT me
et. al. Shock  tube
(1968)
Product detection: UV
109, CF3Br + F > CF[, + Br
17, 18, T =188 ~ 373 %k AH = ~105 keal/mole for Negative E_
19, 20 F+ CF3BI‘F - CI?4 + BrF
Bozzelldi, F atoms from microwave discharge Postulated intermediate: CF3BrF
. et. al.
(1973) Fast flow system Concentration of F atoms determined

from titration with H2.

Accuracy = *15%
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Table 1.- Coniinued

110. CF3Br + F + BrF + CF3
Ref. Kinetic Methods Rate Data Comments
-15 3
115 Fast flow reactor k=4.0x10 cm” /mol-s
Pollack,
et. al. Product analysis: MS, GC, IR
(1973) .
111, CClyBr + F + CFCl, + Br
17, 18, F atoms from microwave discharge AH = =54 % 8 kcal/mole Study of halogen displacement
19 mechanism; abstraction mechanism
Bozzelli, P = 1 torr predominates
et. al. )
(1973) Absolute concentration of F atoms deter—
mined by titration with H2
i Fast flow reactor
Product analysis: molecular beam MS
112, CCl3Br + F + BrF + CCl3
17, 18, F atoms from microwave discharge Ea = 0 Abstraction mechanism
19
Bozzelli, P =1 torr AH = -3 % 4 kcal/mole
et. al. ~11 3
{1873} Absolute concentration of F atoms deter- k= (9.3 % 4.6) x 10 cm /mol-s
mined by titration with HZ
Fast flow reactor
. Product analysis: molecular beam MS
113. CF3I + F + CF[‘ + 1
17, 18, F atoms from microwave discharge AH = -69 * 8 kcal/mole Study of halogen displacement
19 mechanism; abstraction mechanism
Bozzelli, P = 1 torr predominates
et. al.
(1973) Fast flow reactor
T -
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Table l.- Continued

113.

CF,I + F +CF, + I (continued)

3

Ref. Kinetic Methods Rate Data Comments
17, 18, Absolute concentration of F atoms deter—
19 (continued) mined by titration with H2

Product analysis: molecular beam MS
114, CF3I + F + IF + CF3
17, 18, F atoms from microwave discharge Ea =0 Abstraction mechanism
19
Bozzelli, P =1 torr k= (.2 £ 0.5) x 10—]'0 cm3/mol—s
et., al.
(1973) Rast flow reactor A = -10 * 5 kcal/mole

Absolute concentration of F atoms deter-

mined by titration with HZ

Product analysis: MS
1 Product analysis: MS k = (1.66 * 0.66) x 10‘.10 cm3/mol—s O2 present
Albright,
at. al.
(1969)
115. CF3+M+CF2+F+H
110 T = 1700 - 3000 °K 4= 2:6% 102 a3 /mo1-
Modica, T9.04 ¢ oL=8
et. al. Shock tube
(1968) -

Product analysis: UV Ea 92254 cal/mole
116. CF3 -+ CF3 + M CZFG + M

o -30 =

110 T = 1700 - 3000 'K k = 2.0 x 10 6/ 12_ M = Ar
Modica, —-————TI/Z cm /mo s
et, al. Shock tube
(1968)

Product - analysis: UV
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Table 1.~ Continued

117. ZCH3 -+ CZHB
- Ref, Kinetic Methods Rate Data Comments
. _ -11 3
13 Flash photolysis k=4.32x10 cm” /mol-s
Basco, .
et. al. Product analysis: optical absorption, VPC
(1970) I
118, CF3+P+M+CF4+H
o ~16
110 T = 1700 -~ 3000 K A= 2,67 x 10 6. 2 M= Ar
Modica, B T4.64 em “/mol”-s
et. al. Shock tube
(1968) _
Product analysis: UV Ea = 2849 cal/mole
119, CHF012 + 02 + Co2 + HF + 2C1
60 T =297 £ 2°K AH3 = =180 kcal/mole HF laser emissions: 15 observed from
Gordon, Av = 372 to Av = 1+0. Intensity
et, al. Flash photolysis at A 2 1650 A incredses linearly with flash
(1973) energy.

Only partial population inversion
(typical of elimination reactions):
N, /N, = 0.8

Emissions due to steps 3 and 4 in
mechanism.

Mechanism:
1) CHFCl2 + hv =+ CHFC1 + Cl

2) CHFCL + hv -+ CHF + C1

+

3) CHF + 0, < CHFOO -+ FCOOH

2

¥

4) FCOOH' + 0
\? o * HF + O,
i
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Tablv: 1.~ Cont inued

Product analysis: GC

= 13 - 55790y -1
k, = 6.9 x 10 exp( 2r—)

kz = 0.354 cm3/mol—s
ALy = 9.0 x 1073 en®/mol-s

E = 6210 cal/mole
a, -1
_ 6 70360y _~1
k , = 4.6 x 107 exp (— 3T /¢
Ea’z = 0 (assumed)

120. CH3 + NO - CH3N0
Ref. Kinetic Methods Rate Data Comments
: R -12 3
13 Flash photolysis k= 4.0 x 10 cm” /mol-s
Basco,
et. al. Product analysis: optical absorption, VPC
(1970)
121. CH3 + NO2 * GH3N02
68 k=50x% 10712 cm3/mol-s
Heicklen,
et. al.
(1968)
122. CHoNO + CHy  (CH,),NO
68 k> 6.6 x 10 emdfmol-s
Heicklen,
et. al.
(1968)
123. ZCHFZCI -+ 2HC1 + CZFA
44, 45 Thermal reaction Derived at T = 298 %K: Mechanism:
Edwards, o N
et, al, T = 806 ~ 1023 K AH_(CHF,C1) = ~112.3 kcal/mole 1) CHF,Cl « CF, + HC1
£ 2 2 2
(1964, 1965) >
Flow and static systems AHf(CFz) = -39.1 %+ 6.0 kecal/mole 2) ZCFZ “ 02F4

Side reactions:

>
2F4 < CFZCFCF3

>
4) CZFA + HCL + CHFZCF201

3 CF2 + C

>
5) 2C,F, < C,Fy

-
6) CHF201 + CZFA “ CHFZCFZCcml
High A in k_2 explained by increased

freedom of rotation in going from
CZFA to the transition state

Momrpitins

i

I
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Table 1.~ Continued

123. 2CHF,C1 + 2HCL + CiF, (continued)
Ref. Kinetic Methods Rate Data Comments
12 fhermal reaction A = (4.0  2.8) x 10'% 7} HCL inhibits rate
Barnes, °
et. al. T =727 - 796 X E 1= 52800 + 1500 cal/mole Hechanism:
(1971) 2 13 3 .
Pyrolysis in static system A—-l = (3.5 + 10.4) x 10 cn” /mol-s 1) CHF2C1 « CF, + HCL
Product aralysis: gas burette Ea _1 = 12120 * 2700 cal/mole 2) CFZ + CF2 z CZFA
2
AHEO (CFZ) = -49.5 kcal/mole
o
ASD (CFZ) = 62.4 cal/mole- XK
124, CFB + CF3 -+ CZF6
4 : 2> 3000 & k=3.8 x 10 cn’fmoi-s
Arthur,
et, al. Vacuum system
(1966)
Product amalysis: GC
125, Cﬂ'3 + CB3'E d C'ﬂl‘ + CHZF
118 E = 8.7 + 0.7 keal/mole Absolute activation energy obtained
Pritchaxd, -3 from competition reaction:
et. al. Steric factor = 10 ¢n, + CD,COCD, -+ CD, + CD,COCD
3 3 3 4 2 3
(19865)
Reproducible activation energy only
at T > 473°K
126. CH3Br + CH3 hd CH3 + CH3B):
46 T = 388 °k " E_~-E = 1.8 + 1.5 kcal/mole Rate measured relative to:
a a,l
Evans,
et. al. Product analysis: radioactive A _ 3
(1960) labelling Ay 1) CH3 + @Cﬂ3 > @-CHZ
+ CH4
1 *
R -
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Table 1.- Continued

127. CH3I + CH3 > CH3 + CH3'.[ :
Ref. Kinetic Methods Rate Data Comments
46 T =338 %K k _ s Rate measured relative to:
Evans, kl
et. al. Product analysis: radioactive
(1960) labelling 1) CHy + @—Cﬂ3 > @-cuz
+ CH,
128, CH3 + CH2F2 -+ CH4 + CHFZ
118 E = 10.2 * 0.2 kcal/mole Absolute activation energy obtained
Pritchard, - from competition reaction:
et. al. Steric factor = 10 cp,, + CD,COCD, -+ CD, + CD,COCD
- 3 3 3 4 2 3
(1965)
129. CBZCIBI' ':.CR:; - CH3Br + CH2C1
46 T = 338 ‘QK k Rate measured relative to:
= = 6400 -
Evans. kl
et. al. Product analysis: radloactive
(1960) labelling 1) CH3 + @-CH3 -+ @_CH:Z
+ CHI‘
130. CHZCII + CH3 -+ CHaI + CH201
46 T = 338 oK k Rate measured relative to:
= = 6400
Evans, k1
et. al. Product analysis: radioactive
(1960) labelling 1) o, + @—ca3 > @—cuz
+ CH,
131. CF?_B]:2 + CHB > CH3Br + CFZBr
145 T = 363 - 418 °K, A= 2537 § E, = 6.4 * 1.0 keal/mole
Tomkinson, 13 3
et. al. Product analysis: MS A=1.7x%10 cm” fmol~-s
(1964)

g i g VS e

A .t
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Table 1l.- Continued

132, CH3 + CHF3 bt CBA + CF3
Ref. Kinetic Methods Rate Data Comments
117 E = 10.2 £ 0.2 kcal/mole
Pritchard, a .
et. al. D(CFj—ﬂ) = 105 kcal/mole
(1964)
133, SCHCl3 d CC].(’ + 3HCL + CC12=CC}.2
133 T = 450 - 525 %K E, = 37.2 % 2.0 keal/mole Mechanism:
Semeluk, 8 -1
et. al. Thermal reaction A=6.3x10 s 1) CHC1l, + CHCl, + C1
{1957) 3 2
Static and flow systems D(CH012~Cl) 2 72 kcal/mole 2) C1 + CHCl4 2 HC1 + CCl3
Product analysis: pressure 3) CCl3 + Cl » cct,
measurements
4) CC13 -+ CCl2 + Cl1
5) GC1, + CHCly - C012=<3012 + HCL
134, CHCIZBI + C'H3 e CH3BI + CHCIZ
46 T = 338 %K k Rate measured relative to:
= = 131
Evans, kl
et. al. Product analysis: radioactive
(1960) labelling 1) CHS + <C:_2>—CH3 > @—CHZ
+ (.‘.H4
135. CBrA + CH3 +’CH3Br + CBr3
145 T = 363 ~ 418 °K Ea = 7.9 + 1.1 kcal/mole
Tomkinson, -10 3
et. al. Product analysis: VPC A=2,64x10 em” /mol-s
(1964)

"y
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Table 1l.— Continued

136. CC14 + CH3 -+ CH3Cl + CCl3
Ref. Kinetic Methods Rate Data Comments
145 T = 363 - 413 °K E = 12.9 * 0.7 kcal/mole
Tomkinson, 11 3
et. al. A= 2537 R A= 4.21 x 100~ em”/mol-s
(1964)
Product analysis: VPC
137. CCl3Br -4 CH3 e CH3Br + CCl3
46 T = 338 °K k Rate measured relative to:
— = 7400
Evans, kl
et. al. Product analysis: radioactive
(1960) labelling 1) Chy + @—CH3 > @—CHZ
+ CH[’
138. CF3I + CH3 > CHBI + CF3
46 T = 338 °K X _ 20000 Rate measured relative to:
Evans, kl
et. al. Product analysis: radioactive
(1960) labelling 1) CH3 + @-CHS =+ @-CHZ
+ CHA
145 T = 363 - 413 °K E, = 7.5 + 1.0 keal/mole
Tomkinson, 10 3
et. al. » = 2537 § A=1.05x 1070 cm”/mol-s
(1964)
Product analysis: VPC
139. CF3 + CH3Bx: d CFB‘BI‘ + CH3
2 See reaction 55
Alcock,
et. al.
(1965)

rwﬁ

T i b g4 00 R b e TR
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Table 1.- Continued

139. CF, + CH, Br -+ (CF.Br + CH, (continued)
B 3 3 3
Ref. Kinetic Methods Rate Data Comments
145 Reverse reaction studied Ea = 12,5 % 1.0 kecal/mole
Tomkinson, 1 3
et. ai, T = 363 - 418 %K A = 3.34 x 10 em” /mol-s
(1964)
Product analysis: VPC
140. CZHSI + CH3 > CHSI + CZHS
46 T = 338 %K k_ _ Rate measured relative to:
- = 180
Evans, kl
et., al. Product analysis: radiocactive
(1960) labelling E -E = -1.9 £ 1.0 keal/mole 1) \.H3 + @—CH3 -+ @—CHZ
a a,l
A _
T 10 + CHI{
1
141. CH2(§0 - CHZ + CO
155 A = 2700 - 3100 & K 3CH2 Formed
Wilson, k_ = 2.7
et. al. Product analysis: MS 2 Mechanism:
{1958)
k CH,CO -+ hv =+ CH, -+ CO
=2 = 10.5 z 2
4 1) CHZ + CHZCO -+ C2H!4 + CO
kS 2) CHZ + CO » CHZCO*
- 0.8 For M = CHZCO, SF6
4 3) CH,CO* = CH, + €O
k 4) CH,CO* 4 CH,CO » 2CH,.CO
-l-ci=0.1forM=N2 2 2 2
3 5) CHZCO* + M > CI{200 + M
38 Reverse reaction studied k4 3CHZ more reactive than 1CH2 with CO
DeGraff, o T = 3.6 at A = 3160 % (1 dependent) ) 3
et. al. T =293 - 353 K 3 GH2 more xeactive than CHZ with
(1967)
A = 2900 - 3340 & K : CH,C0
=== 0,14 * 0.2 at X = 2900 - 3340 . .
Product analysis: VPC, UV ky Mechanism:

9] 1CH,, *+ CH,00 » products
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Table 1.- Continued

141. CH,CO -+ CH, + CO (continued)
Ref. Kinetic Methods Rate Data Comments
38(continued) K, 2) 1052 + €0 > CHCO
T = 0.01 for M= N,, CO 3
1 3) CH2 + CHZCO -+ products
For CH2C0 + hv » 1CH2 + Co, 4 3CH2 + CO -+ CHch
quantun yield of 'CH, = 0.53 # 0,03 5y lem, +u s 3cr{2 +u
M= N, C0
0, selectively removes 30H
2z 2
34 A =2537 % 3CH2 is predominate product
Dalby,
(1964) Hg sensitized decomposition
Product analysis: GC
5 T =298 & 2()K Quantum yields (¢): BCH, is predominate product
Avery, - -
et, al. X = 2537 2 At P = 10 torxr, ¢ _ = 1.0 mol/ Mechanism:
(1968) . CHZCO co L 5
Hg sensitized decomposition photon 1) Hg( So) + hv + Hg( Pl)
Product analysis: GC, pressure At P = 365 torr, ¢.. = 1.51 mol/ 2) Hg(BP ) + CH,CO » Hg(ls ) + 3(CH co)
Ch_Cco co 1 2 o 2
neasurements 2 3 3
photon 3) (CHZCO) - CH2 + CO
3 . .
4) “CH, + CyH, -+ "CH,CH,CH,*
3 *
5) CHZCHZCH2 -+ H + CH2CHCH2
3 .
6) “CH,CH,CHy* + V&
3 -
7 CHZCHZCHZ* > CHSCH—CHZ*

&) v* CH3CH=CHZ*
9) VA 4+ M+ T4+ M

=CH, %
IO)CH3CH CH2 -+ H + CHZCHCH2

11y CH3CH=CH2* + M- CH3CH=CH2 + M

12) H + CH,CO + CH, + CO

3

13) H+ C2H4 -+ C2H5

S ppeghrion
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Tzble l.- Continued

143, CH,CO + GH, + CO (continued)
Ref. Kinetic Methods Rate Data Comments
i 1
5(continued) 14) CH3 + CH3 -+ CZHG
15) CH3 + C2H5 > C3HS
fH. = n=C.
16) CZHS + ZHS n CquO
17 C21!5 + 02}}5 > CZH() + C2Hl;
18) Cl'l3 + Lﬁgdmllz B CH3CHZCH=CH2
ig) 3Ci§,, + C}IZCO - CH?‘ + CHCO
63 a=3130 R RRKM theory
Halberstadt, o
et, al. Product analysis; GC D(CH,~CO) = 81.9 keal/mole at 298 “K
{19567) 1 = 3
E( CHZ) = E{ CHZ) + 2.5 keal/mole
89 Two wavelength regions: Quantum yield of CO not changed by Net an association nechanism
Kistiakowsky, A, > 2300 increasing the intensity of -
et. al. A7, > 2900 & radiation Mechanism for CH, + €0, + CO + CH_O:
(1958) IL Z o 2 2
Product analysis: GC, MS Rate (CH2 + COZ) -2 //[
= + =C
Rate (CH, + ca,c0) ~ 2 * 10 1) Gy + €0y> 0= |
CH
2
O
2) 0=( + CO + CH,0
) CH.,
142 CH,N, > 1CI-I + N
- 27z 2 2
136 T =300 %k RRKM theory Cnly CF3CR and NCCH react with N2
Shilov,
et., al, Product analysis: IR, MS For steo 2, Ea = 8 keal/mole Mechanism:
(1968)

1

For step 5, Ea 16 kcal/mole

1
1 CH‘,ZN2 + M~ CH2 + N2 + M

2) lCHz+N2+M->CHN,,+M

2
1 3 T
3) Ci, + CH,N, » CH, + N

ol 2
ry b 3

'y ‘CH, + M+ JCH, + Y

£ &
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Table 1.~ Continued
12. CHN, - “CHz + Ny (continued)
Ref. Ksratic Methods Rate Data Comments
[
136 (continued) 5) 30H2 + Nz + M CH2N2 + M
3 3
6) CH2+ CH2 + M + CZH“ + M
143, CF2+M+CF+F+M
2
107 T = 2600 - 3700 °K _ 6.98 x 10 3, .
Modica, A= MTZ.SS cm” /mol-s
et. al. Shock tube
(1966) B =
P = 325 torr Ba = 106000 cal/mole
Product analysis: absorption at
2536 %
3
144. SCH4 > CH2 + ZCH3 + 3}12 + CZHG
122 A = 1048 -~ 1067 g, 12363 Quantuer yle¥ds (4): Mechanism:
Rebbert, 5 1 )
et. al. P =5~ 2200 torr At 1236 &, 9 = 0.32 * 0.03 mol/photon 1) CH, + hv > "CH, + H
C.H 4 2 2
(1971) 276 1
2) "CH, + CH, »~ C,d_*
At 1048 - 1067 &, 2" 78726
chﬂa = 0.29 * 0.04 mol/photon 3) C2H6* + M+ C2H6 + M
*
&) CZHS -+ ZCH3
k2 1 3
—£ = 0.67 5) “CH, + CH, + ~CH, + CH
5 2 4 2 4
21 Flash photolysis Using above mechanism: Four experimental points
Braun, -12 3
et. al. T = 298 %k ky = 1.9 £0.5 x 10" cn”/mol-s
(1970) -12 3
P = 25 = 300 torr ks =1.6 *0.5x 10 cm” /mol-s
Product amalysis: UV
145. CFZ + CFC1 =+ CFZCF01
147 T = 298 °K k = (1 £0.8) x 107 1% cm /mol-s
Tyerman, -
et. al. A= 2490 £
(1969)
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Table l.- Continued

145. CF, + CFCL = CF,CFCL (continued)
Ref. Kinetic Methods Rate Data Comments

147 (continued) TFlash yhotolysis

Product znalysis: UV

146. ZCF2 -+ CZF4
36 T = 298 - 572 °K E, = 1.2 keal/mole 0, has no effect on rate
Dalby, 14 3
et. al. Tlash photolysis k 0, = (1.41 £ 1.06) x 10 cn” /mol-s
298 K
{1964)
Product analysis: UV
n [~ . ~15 .
147 T = 298 "X A = (4.15 % 0.83) x 10 cm3/mol—s Added CZHA has no effect on rate
Tyerman, T1/2
et. al., Flash photolysis
(1969) B = 400 % 100 cal/mole
A= 2490 & 2 *
Product analysis: UV
159 Shock tube D(CF2=CF2) =76.3 t 3 kcal/mole
Znbov,
et. al. T = 1127 - 1244 °K
(1968)
Product analysis: MS
_ o -10 s .
108. T = 1200 - 1600 "K A= (5.66 + 1.29) x 10 cm6/m012-s N, is inert gas
Modita, : T(6.36 + 0.55)
et. al. Shock tube T = reverse reaction
(1967) E_ = 1B40 % 263 cal/mol
Froduct analysis: UV a - calfmole
16
_ (6.78 £ 1.20) x 10 3 ote
A ” T G362 055 TS

26 T = 1240 - 1600 °K
Carlson,

et, al. Shock tube

(1971)

Ea = 74900 * 3000 cal/mole

3

D(CF2~CF2) = 74,9 kcal/mole

AHr = 68.4 % 0.8 kcal/mole

AHf(CFZ) = -44.5 * 0.4 kcal/mple

> = reyerse reaction

L
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Table 1.- Continued

146. 2CF, * CoF, (continued)
Ref. Kinetic Methods Rate Data Comments
26(continued) A = 2200 - 2900 2 AHf(CZFA) = ~157.4 kcal/mole
Product analysis: UV E .= 54300 + 260 cal/mole
2
Ar = (8.9 £ 1.8) x 102 cm3/2/m011/"—s
147. 30 + 7CH2N2 -+ HZ hd CZHQ + ZCHZ‘ + CHN2 + C2H6 + 6N2
o
14 T = 195 K Mechanism:
Bell,
et. al. Photalytic excitation by Hg arc 1) CHZN2 +hv > CH, + N,
(1962)
2) (’Hz + CH2N2 hd CZHZ, + N2
3) 'JHZ + HZ > CHI;*
4 M+ CH4* hd CHA +M
5) H+ CHZNZ g CHB. + N2
6) CH3 + CHZNZ > CH3CH2N2
7) CH3 + CH3 - CZH6
8) CHBCHZNZ -+ CH4 + CHN2
148. CE, +F+M + CFy +M
110 - T = 1700 ~ 3000°K pobelzx 10 6 2
Modica, T9.04 ¢
et. al. Shock tube
(1968) =
Product analysis: UV at A = 2660 % E, = 2287 cal/mole
149 5CHZCO -+ 4H2 g C2H6 + 5C0 + CZH4 -+ CHA + 4H
116 % = 25C0 - 3400 & kbk3l/2 = 2.8 x 10-15 cm3/2/moll/2—s CO used to scavenge 3CH2
Powell~ o
Wiffen, T = 298 K Mechanism:
et. al.
(1968) Product analysis: GC 1) GHZCO + hv + CH2 + CO
2) CH2 + H2 -+ CH3 + H
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Table 1.~ Continued

149. 5CH,CO + 4Hy + CoHg + 5C0 + CoH, + CH + 4H (continued)
Ref. Kinetiec Methods Rate Data Commenits
116(con§inued) 3) 2CH, T Hg
4) CHS + HZ + CH4 + H
5) CHZ + CH?CO 4 CZH4 + CO
150 Yem, + cu, + c,u
. 274 276
-12 3 .
62 A= 3130 & k=1.9x 10 cm” /mol-s Insertion reaction
Halberstadt, 1 3
et. al. Product analysis: GC CH, = “CH_, + 2.5 kcal/mole
2 2 2
(1973)
151, 3CH + 3CH +CH, +H
2 2 272 2
21 Flash photolysis of CH,CO to produce k= (5.3 £ 1.5) x 10-11 cm3/molms
Braun, 30H
et. al, 2
(1970)
T = 298 °K
Product analysis: UV at 1415 P
152 1CH + H, =+ CH, + H
) 2 2 3
21 Flash photolysis of CHZN2 and k= (7.0 £ 1.5) x 10“12 cm3/mol—s Mechanism:
Braup, . 1
et. al. CHZCO to produce CH2 1 ICH + H. o+ CH.*
2 2 4
(1570 T = 298 °K
2) CHA* - CH3 + B
Product analysis: UV -at 1415 X
153 Yew, + a1, + 3cu, + 1
: 2 2 2 2
21 Flash photolysis of CHZNZ and k< 1.5x 10—12 cmalmol-s
Braun, 1
ot. al. CH,CO to yield CH2
(1970)
T = 298 °K
Product analysis: UV at 1415 g




Table 1.- Continued

1 3

154. CH2+M-+ CHZ+M..
Ref. Kinetic Methods Rate Data Comments
i
21 Flash photolysis of CHZN and For M = He: 13 3
Braun, and CH,CO to produce .CH k= (3.0 £ 0.7) x 10 cm /mol-s
et. al. 2 2
(1970) - o For M = Ar: ~
T=298 K k= (6.7 £ 1.3) x 10713 cn’/mol-s
Product analysis: UV at 1415 pid Tor M = NZ: 1 s
k= (9.0 £ 2.0) x 10 cm” /mol-s
155 3eq, +u, > cH, + H
N 2 2 3
21 Flash photeclysis of CH,CO to k<5x 10'14 cm3/mol-s
Braun, 3
et. al. produce CH2
(1970) T = 298 %k
Product analysis: UV
156 3CH + CH, + 2CH
° 2 4 3
21 Flash photolysis of CH,CO to k<5x 10_14 cm3/mol—s
Braun, roduce 3CH
4 et. al. producs 2
(1970) T = 298 %
Product analysis: UV
157. ACHZNZ + 2CH4 -+ C2H4 + 2(121'16 + 4N2
14 T =195 % Mechanism:
Bell,
et. al. Excitation by Hg arc 1) CH. N, + hv + CH, + N
(1962) 272 2 2

S8

Product analysis: MS, GC

2)
3)
4)
5)
6)

CHZ + CHZN2 hd CZH4 + NZ
*
CH2+ CH, -+ CZHG

*
CZH6 + M > C2H6 + M

C2H6* > ZCH3

ZCHE1 -+ C2H6

i Tt e s sl

s

Wb o ks 3T TSI



Table 1.— Continued

98

158, CHZN?_ + CO2 > HZCO + CO+ N
Ref. Kinetic Methods Rate Data Comments
106 T = 53 %K Postulated intermediates in the
Milligan, reaction:
et. al. A > 1900 &
(1962) H H H /0
s tes N/ \ /
Produckt analysis: IR /IZ—-C\ YO
H H l-( \0
H, G,
2 =0
HZC——O\C
&
Spectral assignments

159. 9CHZCO -+ 9CH301 > 9C0 + 2C + ?HCL + ZCZH6 + CH{' + CH2C12 + ZCZHSC] + C2Hb
83 )‘I = 2600 - 3200 & k3 = kl. = k7 Recombination processes are exo-
Johnstone, thermic
et. al. Apyp = 3200 - 3800 &
(1967) Abstraction mechanism:

k
(i_é) = 1.3 x 10 2 mole/l
57 1

()
ks /11

(kZIo)I
k, 1) =8.8x10°% s}
(2 ol T %% X

"

2.1 x 10-2 mole/l

1.7 x J,O"6 s"l

1) CH2 + CH361 + CH,Cl + CH

2

2'(.IO + v - CH2 + CO

3) CH2C1 + CHB - CZHSC].*

3
2) CH

4) ?.CH.;» C2H6

5) CoHCL* + Mo C,HLL +

6) CZHSCI* - C2H4 + HC1

7) ?CBZ(H > CQHZ,C}‘Z*

2
C1l + HC1

8} (.2}14612* +M~>C Hé"Cl2 + M
9) C2HI,C12* -+ C2H3
10) CH2C1 + CH301 - CHZCI2 + CH3
11) CHB + C113Cl -+ Cﬂl* + CHZCl

12) CHZ + CH,yCO -+ CZH!& + CO
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Table 1l.- Continued

CO + 1 1+ 2 i : f.H,C1,+ C.F i
159. 9CH2v0 9CH301 + 9C0 + 202:{4 + 2HC1 + aCzﬂe + Ch4 + CH2012 + 202H5Cl * ZHAUlE CZdBCl (contlnued)
Ref. Kinetic Methods Rate Data Comments
134 P = 10 ~ 1500 torr Steps 1, 3, 4, 7, and 8 are exothermic Cl abstraction predominates; less
Setser, g by 80 - 85 kcal/mole than 5% insertion occurs.
et, al. A = 3200 i
(1965) Using the mechaunism above(ref. 83)
Product analysis: GC steps 1 - 8 are important
11 A = 2450 ~ 4000 % Major products: C,H., CH,CL
Bamford 2'6 272
14
et. al. Product analysis: VEGC CH2 is six times more reactive
(1965) with CH2C0 than with CH3C1
82 Photolysis of CHZCO to produce CH2 Relative rate of formatism of C2H6 to Mechanism:
Johnstone, C,H.Cl is pressure dependent
et. al, A, = 2500 - 3400 & 2°5 P P 1) CH)CO + hv ~ CH, + CO
(1966) o [ = . -
X, = 3000 - 3800 & 1f [cHy1 = [2HyCL], ;= 2kg 2) GH, + CH,CO + G,H, + CO
Product analysis: VPC 3) CH, + CHyCL + éﬂ2c1 + CHy
4) ZCH3 - CZHG
5) CH3 + CHzcl > C2H5C1*
6) CZHSCI* + M= CZH5C1 + M
*
7) 02H5C1 -+ CZHA + HCL
—_— C,H,F + HF
) -
160. CH2 + CH2F2
N S
0284F2
119 A = 3200 - 3800 & E -E; = 2.7 kcal/mole a = abstraction
Pritchard,
et. al. Product analysis: VPC i = insertion
(1965)

Energy transfer is less efficient
with increasing temperature

L =,.-",. 




Table 1.- Continued

88

161. CF2 + CZF4 *'cyclo—C3F6
Ref. Kinetic Methnds Rate Data Comments
147 T = 298 °K 145 x 10708 3
= A =~ cm” /mol-s
Tyerman, T1/2
et. al. A = 2490 &
(1969) =
Flash photolysis E = 3200 * 625 cal/mole
Product analysis: UV
N2 and NZO are diluent gases
1
162. CH2 + C32612 +-CH201CH2C1 + CH3
30
Clark, A = 3000 - 3400 & Steps 4, 5, and 6 produce kigh Abstraction predominates
et. al. vibrational excitation (~90 kcal/mole)
(1970) Product apalysis: GC, GLPC Mechanism:
1) CHZCO + hv + 1CHZ + CO
1
2) CH2 + CH2C12 - ZCHZCl
1
3) CH2 + CH2012 -+ CH3 -+ CHCl2
4) ZCHZCl > CHZCICHZCl*
5) CH3 + CH2C1 > CH3CH2C1*
6) 2CH4 + C Hc*
66 A = 3200 8 Geometric effects in tramsition state Abstraction predominates
Hassler,
et. al. T =298 % Reaction is at least twice as rapid as Mechanism:
(1966) len, + cu.cL
Product analysis: GLPC 2 3 Steps 3-6 of above mechanism(ref. 30)

plus:
1) CHZCO + hv ~ CH, + CO
2) CH2 + CH2C12 -+ CH3
7 CH3 + CHC1

+ CH012

2 CHBCHCl2

8) CHZCl + CHC1, = CH ClCHCl2

2 2
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Table 1.~ Continued

1

162. CH,, + G + i
2 > CH2C12 > HzClCHzcl CH3CH201 + 02H6 {continued)
Ref, Kinetic Methods Rate Data Comments
66 {continued)| 9) 2CH(112 > CHClZCHCI2
10) CH3 + CH012 *‘CHZCHCI + HC1
11) CHZCl + CHCl2 hd C2H2C12 + HC1l
163 lem, + ¢ H, + C.H
* 2 276 378

' R _ -12 3 .
62 A = 3130 2 k=4.8x 10 cm” /mol-s Insertion by direct attack
Halberstadt,
et. al. Product 2nalysis: GC
(1973)
164. CHZ + 3802 -+ CS2 + HZO + 8§ 4+ CO + C02
73 A = 2560 & Mechanism:
Hiroaka, -
et. al. Flow system CH2 + SO2 + HZO + 0CS
(1974)

Product analysis: MS ocs 052 -8+ CO + CO2 (unbalanced)
165. CF2 + NO -+ CFZNO
109 T = 1600 - 2500 °K Af = (1.49 * 0.33) x 10—10 emalmol-s f = Forward reactiom
Modica,
et. al. Shock tube E = 29200 * 3300 cal/mole r = reverse reaction
(1967) at 6 -1

Product analysis: MS, UV A = (3.14 £ 2.47) x 10" s At T > 2500 9K, reaction proceeds

E = 20600 * 3600 cal/mole
a,r

AHl = 4,6 kcal/mole

AHf(CFZNO) = ~15.7 kecal/mole at
AHE(CFZ) = =41.9 kcal/mole at T
AHf(NO) = 21.6 kcal/mole at T =

Mean lifetime of CF2N0 = 5,61 x

T = 2000 °k

= 2000 °K
2000 °K

107 s

to equilibrium by:

1) ZCFZNO > 2CF20 + NZ

0 + N0

2) CFZNO + NO CF2 o
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Table 1.- Concluded.

166. CH200 + CH3CI{2C1 -+ products

Ref. Kinetic Methods Rate Data Comments

10 Photolysis of CH,C0 to produce CH, For A = 2450 - 4000 &, kCl ~ kH. = kHl + kﬂz

Bamford, = 1.62 1

et. al. Product analysis: GC kH Relative concentration of CH2 is

(1968) and kHl = 0.098 reduced when longer wavelengths
kHZ oY and “2 are present

1
For CHZ' kCl/kH > 16.3

3
For CH2. kcll k}l < 0.14
AH1 = 40 kcal/mole

Assumption: rates of steps 9 to 11 are
equal

kg = kgy

7 = km
8 = ko

=
]

x
I

Abstraction mechanism predominates
Mechanism:

1) CH2C0 + hy + CH2 + €O

2) CH2 + CHZCO e 02H4 + CO

3) CH2 + Czﬂl. -+ C3H6

4) CH2 + CZHSC]. + CH3CH2CH2C1

5) CH2 + CZHSC]‘ +.(CH3)2CHC1

6) CI{2 + CZH5C1 -+ CH2C1 + CZHS

7) CH, + C,HCL + CHy "

8) CH2 + CZH5C1 g CH3 + CH3CH01

9) CZHS + CHZCl hd CZHSCHZCI

10) CH3 + CH

+ CH CH2C1

ZCHZCl > CZHSCHZC'L

11) CH, + CH,CHCL + CH3CH(CH3)C1

3 3

12) CZH5 + CHZCl -+ C2H4 + CH3Cl

13) CH3 + CHBCHCI d CH4 + CHZCH(Il

14) C2H5 + CHECHCI * CZH6 + CH2CHCI

15) CH2C1 + CH30H01 > CHBCl +

Cl 2C’CHCl

T, T YUY




ANALYSIS OF KINETIC DATA

The kinetic data listed in tablel were analyzed as follows. The
general recommendations were primarily based on the error limits inherent
in the methods of measurement of the data. Other criteria which suggest the
need for remeasuring rates are the lack of a consistent mechanism and wide

variations in data measured by different groups of investigators.

One kinetic method of analysis that requires review is the detection

by a chemiluminescent titration with Cl, or H,. The titration itself

of F
2 72202

has an inherent error of at least 15 percent. Therefore, the rate

constants obtained by this method of analysis should be carefully examined.

It is difficult to apply the existing shock tube data to atmospheric
reactions. The typical temperature range of a shock tube experiment is
2000 - 4000° K. Therefore, this technique may not yield reliable data
for the low-temperature reactions occurring in the troposphere and strato-
sphere. An entirely different mechanism and set of products may occur in the

1
lower temperature ranges.

The stopped flow method of determining products is generally inade-
quate in determining the rate data of interest because of the long time
between reaction and detection relative to the other kinetic methods. 1In
most cases, the reactions of interest are fast; therefore, fast flow
techniques are much better.64 They tend to minimize the possibility of
wall reactions which do not occur in the atmosphere to an apprecishie j

extent.

Flash photolysis is a good method for initiating photolytic gas ;
phase reactions. It is especially good when coupled with a mass spectram -
eter, the latter being used for determining product distributions. It is
usually used to study inorganic reactions. iyi&
Kinetic data obtained using a molecular beam mass spectrometer are ‘k‘
also fairly reliable for the analysis of reactions in which only a few

unique products, that differ appreciably in the molecular weight of the

91




fragments, result. When the molecular weights of the product ions correspond
closely, as is often the case in organic reactions, then complex spectra
result 1f mass spectrometry is used alone. The best methods to use for stable
product molecules in this case are gas chromatography coupled with mass
spectrometry. The gas chromatograph separates compounds with similar
molecular weights so that product analysis using mass spectrometry is much
more accurate. Infrared or ultraviolet spectroscopy serves to confirm
product analysis when used in conjunction with gas chromatography and mass
spectrometry. The accuracy of the rate data is questionable when spectro-

scopic techniques are used alone.

Table 2 lists the best currently available rate data. Rate constants
at 298° K were calculated from the Arrhenius rate data for comparison
purposes. The units of both the Arrhenius frequency factor and the rate
conctant are implied by the order of the reaction. Those data that are
starred have been judged acceptable; redetermination of the starred rate

data 1s considered unnecessary.

Many of the reactions listed in table 2 have reactants that require
photolytic activation to be produced. However, the actual reactions for
which the rate data were determined were thermally activated. This is the

reason for the tabulation of reaction types.

Rate data for second order reactions for which the rate constants at
298° K were less than or equal to 10—18 were accepted even if the methods
of obtaining the rate data were questionable. The reasoning for the
acceptance of this rate data was that even an error of 103 in the measure-
ments would not appreciably increase the importance of this reaction in the
atmosphere; previous workers have determined that second order reactions with

rate constants less than 10-15 are unimportant.l23
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Table 2.~ Rate Data

2

Overall Reaction A of Overall E_ of Overall Order of T(OK) k o, Reaction Ref.
- a v 298 °K
Reaction Reaction Qverall Type
(kcal/mole) Reaction
-.35
*1. F+F+M+F,+ M 3 295 8.02 x 10 Thermal 57
—12 -33
* Fy+Ms F+F+H 7.6 x 10 28.49 2 298 9.66 x 10 Thermal 79, 131, 132
2. Cl, + F, + M 2CIF + 1.84 x 1072 19.8 1.5 298 5.53 x 10727 | Thermal 50
% 3. Cl, + F» ClL+ CIF 2 300 1.1 x 1070 | Therma1 31
* 4, F,+Cl>CIF+F 2 295 <1.7 x 10 | Thernal 57
%5, F+ HCL~+ CIF + X 2 298 1.2 x 1070} Thermai 115
-
*13. F, + Cl0, + FCL0, + F 2 247 1.7 x 10 2 Thermal 6
*16. F + PH,  HF + PH, 2 298 25,2 x 10 | Thermal 115
#17. H+ F, > HF +F =2.0 2 298 2.5 x 201 | Therma1 31
i -10 -1l
#18. F+H, +HF +H 2.6 x 10 1.60 2 298 1.74 % 10 Thermal 75
19. B+ F+M»HF + M 3 298 2.3 x 102 | Thermal 9
24, F, + 2NO + M > 2FNO + M 3 298 7.75 x 1077 | Thermal 115
25. F,NO, - FO + FNO, 1 298 4.8 x 10°° | Photolytic 24
*27.  2FNO, - 2FNO, + O, 1.11 x 1070 22.7 2 298 2.49 x 1072° | Therma1 138
-12 -20
28. F, + N0, + 2FNO, 2.7 x 10 10.47 2 298 5.65 x 10 Thermal 113

Yy

¢
i
?
i
t
!
§
1

f
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Tatble Continued
Qverall Reaction A of Overall E, of Overall Order of ("0 g a8 Oy Reaction Ref.
Reaction Reaction Overall s Type
(kcal/mole} Reaction
%30, NE, + F+ M+ NFy + ¥ 3 298 8.9 % 10°0 | Thermal 32
*33. F + NHy > HF + NH, 2 298 5.5 % 1072 | Thermal 115
-12
*34.,  FO + FO -+ 2F + 0, 2 298 8.5 x 10 12 Thermal 32
_11 ~11
#35. F + 04 = OF + 0, 2.8 % 10 0.450 2 298 1.31 x 10 Thermal 151
*38. O + 0+ M CO, + M 1.63 x 1072 41 3 298 1.60 % 10733 | thermal 139
Low Pressure
Limit
-13 ~23
*41. F, + CO -+ FCO + F 7.8 x 10 13.5 2 298 9.78 x 10 Thermal 70
#42. 5CH,0 + 6 0 -+ 3H, + 3€0 2 300 1.5 x 1072 | Thermal 72
+ 2H,0 + 200, + 0,
*43. Cd,0 + OB + CHO + H,0 2 353 1.4 x 107 | photolytic 111
45. 2CHj0, - 2CH,0 + 0, 2 283 2 x 1079 Photolytic 93
~13 -18
46. CHyD + 0, + SHY0 + HO, 1.7 x 10 6.36 2 298 3.68 % 10 Estimated 67
%47, CH0 + NO -+ CH,0 + HNO 2 298 1.0 x 1074 | Photolytic 102
8. CHy0 + NO, + GH,ONO, 2 298 1.0 x 1073 | Therma1 68
49. CH, + CH,CHO > CH, + CHyCO | 5.25 x 10713 =6.8 2 298 5.40 % 102 | Thermal 87
~32
50. CHy + 0, + M+ CHgd, + M 3 298 8 x 10 Estimated 67
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Table 2.~ Continued

St

QOverall Reaction A of Overall E. of Overall Ordex of T(OK) k o, Reaction Ref.
; a v 298 °K
Reaction Reaction Overall Type
(kcal/mole) Reaction
*51.  CH, + 0H -+ CHB + H20 4.8 x 10_]'1 4.97 2 298 1.1 x 10_14 Thermal 156, 157
_ ~11 -18
#52. 0 + CH, + OH + CHy 3.3 x 10 9,2 2 298 5.9 x 10 Thermal 153
-13 -15 | .
#53. CHy + H,S + CH, + SH 4.2 x 10 2.6 2 298 5.2 x 10 7. armal 77, 78
~14 ~16
54. CF, + H,S + CHF, + SH 7.7 x 10 3.88 2 298 1.1 x 10 Thermal 4
. -10 -11
55. 2CF, =+ C,¥¢ >6.1 x 10 >1.5 2 400 9.3 x 10 Thermal 7
2CH, + C,H, 2 400 3.88 x 1071 | Thermal 7
56. CF+F +M~>CF,+HM 3 298 1.59 x 10728 | Therma1 110
*57. 0 + CH,=CH, ~ CH,0 + CH, 5.42 x 10712 1.130 2 298 8.04 x 10713 Photolytic 37
+ CH4CHO + CO + H, + 0,
#59. 0(’P) + CF,=CFGL + CE,0 3.9 x 1011 2.61 2 298 4.75 x 10713 | Photolytic 146
+ CFC10 + CF, + CFCL
*60. 0(’®) + CF,=CCL, - CF,0 5.7 x 10712 1.29 2 298 6.45 x 10723 | photolytic 146
+ CCIZO + CFZ + C(Zl2
_16 -18
%62, 3CH,=CH, + 5CC1,Br ~ 6.6 x 10 3.20 2 298 2.97 x 10 Photolytic 144
CCLCH,CH,Br + 2CC14CC14
+ 2CH2BrC§ZBr
~16 -20
*63. 3CHI:‘=CH2 + 5001331' - 4.18 x 10 5.3 2 298 5,42 x 10 Photolytic 144
CC1,CHFCH,Br + 2CHFBrCH,Br +
2c01,cC1,

2 e gt Saiks g A AN kit i

o
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Table 2.- Continued

Overall Redction A of Overall E_-of Overall Order of K(OK) k a Reacﬁion Ref.
. e a v 298 “k
Reaction Reaction Overall Type
(kcal/mole) Reaction
16 -18 .
#64.  3CH,=CHF + 5CCLyBr > 5.27 x 10 3.30 2 298 2.00 x 10 Photolytic 144
CC1,CH,GHEB + 2CH{BrCR,Br
+ 20013(:013
%65.  3CH,=CF, + 50CL,Br > 8.4 x 10716 4.60 2 298 3.55 x 10712 | Photolytic 144
 GOL,0H,CF,BI + 2CH,BXCF BT
+ 200101,
%66. 3CH,=CF, + 5CCL,Br * 5.3 x 10726 8.30 2 298 4.33 x 10722 | Photolytic 144
GCL,CF,CH,Br + 2CH,BICF ,Br
+ 2001,0CL,
%67. 3CHF=CF, + 5GC1Br + 3.3 x 1070 6.10 2 298 1.11 x 107 | Photolytic 144
CC13CHFCFZBr + 2CHFBrCF2Br
+ 2001,6CL,
468. 3ICHF=CF, + 5CCL.Br + 4.2 % 10713 7.10 2 298 2.60 x 10720 | Photolytic 144
CC1,GF ,CREBT + 2GHFBECF ,Br
+ 2001,CC1,
%69. 3CF,=CE, + 50CL,Br 2.1 x 1071 6.10 2 298 7.05 x 1072 | Pnotolyric 144
CC13CF2CF2Br + 2C?2BICFZBI
+ 2CC13CC13
, u -23 I
74, 3CoHBr + C,H, + 3HBr + 6.34 x 10 46.4 1 298 5.89 x 10 Photolytic 144
C,H, + Gyl
#75. Gy, + F > HF + G,y 1.0 x 10713 0.490 2 298 4.36 x 107% | Thermal 52
#76. C,H, + Br + CH. + HBr 3.26 x 10711 12.3 2 298 3.10 x 10720 | Thermal 33

276 275
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Table 2.- Continued

Overall Reaction A of Overall E_ of Overall Order of 'I‘(uh) 1{298 oy Reaction Ref.
Reaction Reaction Overall . Type
(kcal/mole) Reaction
*77. C,HF + Br » CH,CHF + HBr | 3.99 x 10712 10.3 2 208 111 x 1075 | Thermal 33
12 22
*78. CH,CHF, + Br - CH,CF, + HBr| 5.5 x 10 13.3 2 298 9.67 5 10 Thermal 33
*79. CHCE, + Br » CH,CF, + HBr | 2.5 x 1w 22.2 2 298 1.30 x 10727 | Thermal 33
. -12 25
%80. CHF,GHF, + Br = CHF,CF, + | 9.3 x 10 18.1 2 298 4.93 x 10 Thermal 33
HBx
~12 =25
*81. CF,CH,F + Br + CF,OAF + HBr| 9.0 x 10 18.2 2 298 4.03 x 10 Thermal 33
~12 ~25
%82, CF,GHF, + Br + CF,CF, + HBr| 2.7 x 10 18.0 2 298 1.69 x 10 Thermal 143
%83. 2CCIF,CCLF, + F, > 2CIF + | 2.06 x 107 36.45 1.5 298 3.80 x 1072 | Thermal | 54
20CIF,CF
%84, CF,CCIF, + F, > G, + CIF 81.8 36.52 1.5 298 1.34 x 102> | Thermal 54
*87. T + CHF, - CF, + HF 2 298 1.9 x 1073 | Thernmal 115
*88. F, + GHF, > CF, + HE 1.06 x 10711 1.04 2 298 1.83 x 1072 | Thermal 31
_12 _27
*89. CHF, + Br + HBr + CF, 3.15 x 10 21.1 2 298 1.05 x 10 Thermal 143
%90, F + CHCLF, + HF + GCIF, 2 208 2.3 x 10722 | Thermal 115
*91. F + GHCL, + HF + CCl, 2 300 5.3 x 102 | Thermal 31
92. F + CHCL,F ~ HF + CCL,F 1.25 x 10712 1.29 2 298 1.41 x 10713 | Thermal 51
%93, F + CH,F, + HF + CHF, 2 298 1.1 x 10 | Thermal 115
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Table 2.~ Continued
Overall Reaction A of Overall Ea of Overall Order of T(“K) k298 DK Reaciion Ref.
: Reaction Reaction Overall Type
(kcal/mole) Reaction
‘ _12 ' 23
% 94. Br + CH,F, * HBr + CHF, 5.5 x 10 15.3 2 298 3.3 % 10 Thermal 143
_14 14
%95. ¥+ CHCL,+ HF + CHCL, 2.2 x 10 0.144 2 298 1.7 x 10 Thermal 51
% 96. ¥ + CH,F > HF + CHF 2 298 8.8 x 101 | Therma1 115
%97, CHF + Br > CH,F + HBr 1.2 x 107 14.8 2 298 1.67 x 1022 | Thermal 143
* 98, F + CHyCL + HF + CH,CI 5.3 x 1072 1.01 3 298 9.6 x 1072 | Thermal 51
11 12
*100. F + CH, + HF + Gy 5.5 x 10 1.15 2 298 7.89 x 10 Thernal 150
. _11 24
101. CH4 + Br -+ Cﬁé + HBr 2.3 x 10 17.3 2 298 4.7 x 10 Thermal 143
102. CHCl, » CCL, + HCI 2.6 x 101! 4.7 1 298 9.3 x 10’ Thermal 135
103. F + CCL, > GCL, + CIF 2 298 4.0 x 10° ] Thermat 90
%104, F, + CCl, + CCL,F + CIF 130 28.64 1.5 298 1.28 x 10717 | Thermal 54
#105. F, + CFCl, + CF,Cl, + CIF 40.7 31.49 1.5 298 3.26 % 1022 | Thermal 54
%106. F, + CF,GL, - CF,CL + CIF 205 34.92 1.5 298 5.01 x 10724 | Thermal 54
*107. F, + CF4CL > CF, + CIF 8.18 39.02 1.5 298 1.97 x 10728 | Thermal 54
*108. CF, + M~ CF, + F + M 122.421 2 298 5.48 % 107°1 | Thermal 110
110. CFgBr + F = BrF + CF, 2 298 4.0 x 107 Thernal 115
%112, CClBr + F + BrF + CCl, 9.3 x 1071 =0 2 298 9.3 x 101 | Thermal 17, 18, 19
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Table 2.- Continued

s

Overall Reaction A of Overall E_ of Overall Order of T(GK) & a., Reaction Ref.
. a . 298 "X
Reaction Reaction Overall Type
(kcal/mole) Reaction
*114. CF,I + F + IF + CF, 1.2 x 10710 =0 2 298 1.2 x 10710 Thermal 17, 18, 19
¥115. CFy + M+ CF, + F + M 92.254 2 298 2.43 x 107 | Thermal 110
*¥116. CFy + CFy + M > C,F + M 3 298 1.16 x 107 | Thermal 110
*117. 2CH, » C,H, 2 298 4.32 x 10! | Photolytic 13
*118. CF, +F + M+ CF, + M 2.849 3 298 7.18 % 1070 | Thermal 110
*120. CH, + NO + CH,NO 2 298 4.0 x 102 | Photolytic 13
#121. CH, + NO, + CHgNO, 2 298 5.0 x 1012 Photolytic 68
122. GH,NO + CH, + (CH,),NO 2 298 >6.6 x 10714 Photolytic 68
13 -28
123. CHF,CL + CF, + HCL 6.9 x 10 55.79 1 298 8.3 x 10 Thermal 44, 45
CF, + HCL + CHF,C1 9.0 x 1013 G.21 2 298 2.51 x 1077 | Thermal 44, 45
CF, + CF, + C,F, 2 298 0.345 Thermal 4b4, 45
' 16 -35
02F4 -~ 20[-‘2 4.6 x 10 70.36 1 298 1.14 x 10 Thermal 44, 45
. 12 -27
CHF,CL - CF, + HCL 4.0 x 10 52.80 1 298 7.51 x 10°°’ .} Thermal 12
. ~13 -22
CF, + HCL + CHF,C1 3.5 x 10 12.12 2 298 4,51 x 10 Thermal 12
. -11
124, CFy + CFy > G,F, 2 298 3.8 x 10 Thermal 6
131, CF.Br + CH, + CH,Br + CF,Br 1.7 x 10 > 6.4 2 298 3.46 x 1078 | Therms1 145

27" 3 3
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Table 2.- Continued

R P

9 + Hz -+ CH3 + ?‘

Overall Reaction A of Overall E. of Overall Order of T(OK) k o Reaction Ref.
N a . 298 K
Reaction Reaction Overall Type
(kcal/mole) Reaction
*133. 3CHCL, + GGL, + 3HCL + 6.3 x 10° 37.2 1 298 3.27 x 10°° | Thermal 133
ce1,=cel,
*135. CBr, + CHy + CH,Br + CBr, | =2.64 x 10710 =7.9 2 298 4.24 % 10720 | Thernal 145
*136. CCL, + CHy » CHCL + CCl, | =4.21 x 101 212.9 2 298 1.45 x 10°2% | Thermal 145
*138. OF,I + Gy > CHT+ CFy | =1.05 x 10710 =7.5 2 298 3.31 x 107 % | Thermal 145
*139. CH,Br + CF, ~ GF,Br + Gy | 3.3 x 171 12.5 2 298 2.27 x 1072 | Thernal 145
%143, CF, + M > CF + F + M 106.0 2 298 1.11 x 1022 | Thermal 107
1 3 . _12 )
1. Tow, + cu, > Zou, + oy 2 298 1.6 x 10 Photolytic . 21
145, CF, + CFCL » CF,=CFCl 2 208 =1 x 10712 Photolytic 147
148. CF, + F + M CEy +M 2.287 3 298 3.72 x 10728 | Thermal 110
1 -12
150. loH, + CH, > CyH, 2 28 1.9 x 10 Photolytic 62
#151. 3cm, + 3em, > B + B 2 298 5.3 x 1001 | Thernat 21
‘ 2 2> Colly " By .
1 _12
#152, lom, +H, + CHy + B 2 298 7.0 x 10 Thermal 21
1 3 -12
*153. lom, + 1, + Jou, + H, 2 298 <1.5 x 10 Thermal 21
;1 3 -13 .
#154, ToH, + 1+ S, + M 2 298 6.3 x 10 Thermal 21
(M = Ar)
3 ~14
155, ek 2 298 <5 x 10 Thermal 21
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Table 2.~ Concluded

Overall Reaction A of Overall E_ of Overall Order of T°K) k o, Reaction Ref.
: a . 298 “K
Reaction Reaction Overall Type
(kcal/mole) Reaction

3 -14

CH?. + CHQ > ZCH3 2 298 <5 x 10 Thermal 21
CF, + C,F, ~ cyclo-C.F 3,20 2 298 3.8 x 10720 | Photalytd 147

2 LF, ~ eyelo-CoF, . .8 x otolytic
Yom, + com > c.H 2 208 4.8 x 10712 | Photolytic 62

2 276 38 v
-10 -32

CF2 + NO -+ CFZNO 1.49 % 10 29.2 2 298 5.71 x 10 Thermal 109
CFZNO > UFZ + NO 3.14 x 106 20.6 1 298 2.44 x 10_9 Thermal 109
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COMMENTS ON SELECTED REACTIONS

7

&
i
The dissociation of fluorine, the re\grse of reaction 1, is favored
at equilibrium based on the equilibrium constant for reaction 1 which has a
value of 8.30 x 10-3 cm-3-mol-s. The rate constant for the reverse reaction -

was recommended by the authors of reference 132.

Reaction 10, O2 + ClF + M = 03, is an overall reaction which pro-
vides a previously unconsidered source of ozone. The possible importance of

this reaction should be thoroughly investigated.

"The results reported for reaction 17, H + F2 + HF + F, in reference
1 are questionable. Photolytic activation was used but the temperature range
at which the reaction was studied was too high to avoid interference by

the thermally activated reaction.

The rate constants for reaction 18, F + H2 -+ HF + H, appear
quite reliable at 300° K since two independent groups of workers, those

of references 31 and 75, are in substantial agreement.

A comprehensive review with recommended rate data for nitric oxide
reactions is found in reference 68. The reader is referred to this work
for detailed data on nitric oxide reactions that are not included in
table 1. '

Especially important reaction rates, on which reactions 49

(CH3 + CH3CHO -+ CH4 + CHBCO) and 54 (CF3 + HZS -+ CHF3 + SH) are based,
are-the recombination rates of methyl and trifluoromethyl radicals. Accurate
determinations of the temperature dependences of the rate constants for thé

recombination reactions are needed.

Rate data for reactions 59 and 60 are stated relative to the reac-

tion of 0(3P) + CF2=CF2. The latter reaction has not been well studied.

The decomposition of CClé has been previously discussed with respect
to possible sink mechanisms; other than photolysis, no stratospheric sink

123

for CCl4 has been found. Reaction 102 deserves considerable attention

not only as a possible sink mechanism for CClL.4 but also as a mechanism by
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which substituted methylenes, CHC1l and CC12, could be formed. Special
attention should be placed on an attempt to verify the mechanism of reference
28.

Chlorofluorocarbons, in which there is at least one hydrogen replacing
a halogen, have been discussed as a possible replacement for fully halo-
genated chlorofluorocarbons. Reaction 123, 2CHF201 -+ 2HCl -+ CZFA’ can
be used to i1llustrate the thermal stability of the hydrogen-containing
halocarbons. The data from references 12, 44, and 45 vary widely, but the
same conclusions may be drawn from all the references. The equilibrium
constant for the decomposition of CHF2C1 has the value of 1.66 x 10-5 cm-3—mol
for reference 12 and the value of 3.31 x 10-11 cm_3-mol for references 44 and
45, At equilibrium,the formation of CHF201 is favored. 1t is then highly
unlikely that CHF2C1 will decompose thermally in the troposphere or

stratosphere.

The recombination of two difluorocarbenes, reaction 146, has been
studied with little agreement between workers. Both orders and rate con-
stants disagree markedly. For example, references 36 and 147, both studies
using flash photolysis, have rate constants at 2980 K that differ by a
factor of 103; the shock ~tube measurements of the reverse reaction, refer-
ences 108 and 26, not only differ in order but also by a factor of 1017.
Since this reaction is used as a reference reaction for other relative

rate studies, accurate rate data are necessary.
FATE OF FLUORINE BONDS

Hydrogen fluoride is a product rather than a reactant in all reactions
surveyed. This is attributed to the large amount of energy that is required
to break this bond, 135 kcal/mole.43 Therefore, no chemical sinks for

this compound have been found.

e
i

Carbon-chlorine and carbon-hydrogen bonds are broken before carbon-~
fluorine bonds in all cases examined. No studies of the rates of decompo-
sition of fully substituted rhiorofluoromethanes have been reported to

date; measurements of the mechanisms and rate data are certainly necessary.
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While bonds between fluorine and unlike atoms are relatively strong,
the bond in F2 is very weak in comparison, 35 kcal/mole.43 Therefore, the
concentration of F2 must be very low in the stratosphere and troposphere.
However, both fluorine atoms and diatomic fluorine must be considered as
reactive species when compiling reactions from various rate studies. The
rate constants for the two species differ, and they must be treated as

two distinct reactants.
FUTURE INVESTIGATIONS

The data compiled in table 1 are insufficient so that no concrete
conclusions can be drawn about the mechanisms of chlorofluorocarbon decom-
positions. An important question that must be answered is the fate of the
CF,C1 and CFC1

2 2
known about the energy necessary to break a carbon-chlorine bond to form

radicals when exposed to photolytic energy. Little is

the substituted carbenes or the absorption cross sections of the radicals.

Methylene, CHZ’ has been well studied theoretically using many
different types of ab initio and semi-empirical quantum mechanical calcu-
lations. A comprehensive feview of the calculations is found in reference
85. The substituted carbenes, however, have not received this attention
because of the increased sizes of basis sets necessary for the calculations.
Increased computer capabilities now make it possible to calculate accurate
potential energy surfaces using ab initio methods. Computational studies
aie useful because of the difficulties encountered in obtaining experi-
mental data on carbene reactions, the high reactivity and shor£ life~-
times of carbenes, and the hazards and difficulties particularly associated

with handling fluorinated compounds.

Rowland and Molinalz3 have postulated that the most important
degradation step for the chlorofluoromethyl radicals is the reaction with

diatomic oxygen,

CF2C1 + 0, » CF,0 + Cl10

2 2 :
An interesting problem that deserves attention is the structure of the above

intermediate and the way it breaks apart to yield ultimate degradation
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products. One way to study this intermediate is by calculating transition
state rate constants for the reaction. A thorough experimental investiga-
tion of the chemistry of CF20 is also indicated since little is known about

its absorption spectrum or chemical properties.

Rowland and Molina, in evaluating the reactions of methyl and
substituted methyl radicals, use the dissociation energies of the ground
state molecules. This is not always correct when photolytic energy is
present. In particular, the mechanism for the reactions of the radicals
with diatomic oxygen, where the molecules are in the excited states, may
not be the same as the ground state reactions. Calculations of the potential

energy surfaces are necessary to determine if this assumption is correct.

A large portion of the reactions listed in table 1 cannot be included
in stratospheric modeling calculations at the present time because of the
lack of measurements of some of the reactant concentrations in the stratos-
phere. Attempts should be concentrated in making accurate measurements of
the reactant concentrations before further modeling of the stratosphere

is attempted.
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