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1.1 Introduction

In Table 1 (Rate Constants for Second-Order Reactions) the reactions are grouped into the classes Oy,
O('D), Singlet O,, HO,, NO,, Organic Compounds, FOy, CIO,, BrOj, 10,, SO, and Metals. Some of the
reactions in Table 1 are actually more complex than simple two-body reactions. To explain the pressure
and temperature dependences occasionally seen in reactions of this type, it is necessary to consider the
bimolecular class of reactions in terms of two subcategories, direct (concerted) and indirect (nonconcerted)
reactions.

A direct or concerted bimolecular reaction is one in which the reactants A and B proceed to products
C and D without the intermediate formation of an AB adduct that has appreciable bonding, i.e., there is no
bound intermediate; only the transition state (AB) " lies between reactants and products.

A+B— (ABY -C+D
The reaction of OH with CH, forming H,O + CHj is an example of a reaction of this class.

Very useful correlations between the expected structure of the transition state [AB]” and the A-Factor
of the reaction rate constant can be made, especially in reactions that are constrained to follow a well-
defined approach of the two reactants in order to minimize energy requirements in the making and breaking
of bonds. The rate constants for these reactions are well represented by the Arrhenius expression k = A
exp(—E/RT) in the 200-300 K temperature range. These rate constants are not pressure dependent.

The indirect or nonconcerted class of bimolecular reactions is characterized by a more complex
reaction path involving a potential well between reactants and products, leading to a bound adduct (or
reaction complex) formed between the reactants A and B:

A+B o [AB* 5 C+D

The intermediate [AB]* is different from the transition state [AB], in that it is a bound molecule
which can, in principle, be isolated. (Of course, transition states are involved in all of the above reactions,
both forward and backward, but are not explicitly shown.) An example of this reaction type is CIO + NO,
which normally produces Cl + NO,. Reactions of the nonconcerted type can have a more complex
temperature dependence and can exhibit a pressure dependence if the lifetime of [AB]* is comparable to
the rate of collisional deactivation of [AB]*. This arises because the relative rate at which [AB]* goes to
products C + D vs. reactants A + B is a sensitive function of its excitation energy. Thus, in reactions of this
type, the distinction between the bimolecular and termolecular classification becomes less meaningful, and
it is especially necessary to study such reactions under the temperature and pressure conditions in which
they are to be used in model calculation, or, alternatively, to develop a reliable theoretical basis for




extrapolation of data. In several cases where sufficient data exist, reactions of this type are treated in Table
2.

The rate constant tabulation for second-order reactions (Table 1) is given in Arrhenius form:

k(T)=A-exp (—E/TR]

and contains the following information:

1. Reaction stoichiometry and products (if known). The pressure dependences are included, where
appropriate.
Arrhenius A-factor: A
Temperature dependence (“activation temperature”): E/R
Rate constant at 298 K: k(298 K)
Rate constant uncertainty factor at 298 K: (298 K) (see below)
A parameter used to calculate the rate constant uncertainty at temperatures other than 298 K: g
(see below)

7. Index number for a detailed note containing references to the literature, the basis of

recommendation and in several cases, alternative methods to calculate the rate constant.

For a few reactions, the A-factor, E/R and k(298 K) are italicized. These represent estimates by the Panel
in cases where there are no literature data or where the existing data are judged to be of insufficient quality
to base a recommendation.

AN N

1.2 Uncertainty Estimates

For bimolecular rate constants in Table 1, an estimate of the uncertainty at any given temperature,
f(T), may be obtained from the following expression:
L
BT 208

Note that the exponent is an absolute value. An upper or lower bound (corresponding approximately
to one standard deviation) of the rate constant at any temperature T can be obtained by multiplying or
dividing the recommended value of the rate constant at that temperature by the factor f(T). The quantity
(298 K) is the uncertainty in the rate constant at T =298 K. The quantity g has been defined in this
evaluation for use with f(298 K) in the above expression to obtain the rate constant uncertainty at different
temperatures. It should not be interpreted as the uncertainty in the Arrhenius activation temperature (E/R).
Both uncertainty factors, f(298 K) and g, do not necessarily result from a rigorous statistical analysis of the
available data. Rather, they are chosen by the evaluators to construct the appropriate uncertainty factor,
f(T), shown above.

This approach is based on the fact that rate constants are almost always known with minimum
uncertainty at room temperature. The overall uncertainty normally increases at other temperatures, because
there are usually fewer data at other temperatures. In addition, data obtained at temperatures far distant
from 298 K may be less accurate than at room temperature due to various experimental difficulties.

f(T)=f(298 K)exp

The uncertainty represented by f(T) is normally symmetric; i.e., the rate constant may be greater than
or less than the recommended value, k(T), by the factor f(T). In a few cases in Table 1 asymmetric
uncertainties are given in the temperature coefficient. For these cases, the factors by which a rate constant
is to be multiplied or divided to obtain, respectively, the upper and lower limits are not equal, except at 298
K where the factor is simply (298 K). Explicit equations are given below for the case where g is given as
(+a, -b):

For T > 298 K, multiply by the factor

(298 K)e el

and divide by the factor

(298 K)e )
For T < 298 K, multiply by the factor

(298 K)e =)
and divide by the factor

(298 K)e sl

Examples of symmetric and asymmetric error limits are shown in Figure 1.
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Figure 1. Symmetric and Asymmetric Error Limits

The assigned uncertainties represent the subjective judgment of the Panel. They are not determined
by a rigorous, statistical analysis of the database, which generally is too limited to permit such an analysis.
Rather, the uncertainties are based on knowledge of the techniques, the difficulties of the experiments, and
the potential for systematic errors.
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There is obviously no way to quantify these “unknown” errors. The spread in results among different
techniques for a given reaction may provide some basis for an uncertainty, but the possibility of the same,
or compensating, systematic errors in all the studies must be recognized.

Furthermore, the probability distribution may not follow the normal Gaussian form. For
measurements subject to large systematic errors, the true rate constant may be much further from the
recommended value than would be expected based on a Gaussian distribution with the stated uncertainty.
As an example, in the past the recommended rate constants for the reactions HO, + NO and CI + CIONO,
changed by factors of 30-50. These changes could not have been allowed for with any reasonable values
of ¢ in a Gaussian distribution.

Table 1-1. Rate Constants for Second-Order Reactions

Reaction A-Factora ER k(298 K)2 (298 K)o g Notes
O« Reactions
M
0+0, 0s (See Table 2)
0+03—>02+02 8.0x10-12 2060 8.0x10-15 1.10 200 Al
O('D) Reactions A2
O(D)+02 >0+ 02 3.3x10-11 -55 3.95x101 11 10 A3
O(!D) + 03 — 02+ Oz 1.2x10-10 0 1.2x10-10 12 50 A4
—02+0+0 1.2x10-10 0 1.2x10-10 1.2 50 A4
O(ID)+H2—> OH +H 1.2x10-10 0 1.2x10-10 1.15 50 A5
O('D) + H20 — OH + OH 1.63x10-10 -60 2.0x10-10 1.08 20 A6
O(ID) + N2 —> O + N2 2.15x10-11 -110 3.1x10-1 1.10 20 A7
M -
(D) + N2 ) (See Table 2-1)
O(1D) + N20 — Overall 1.19x10°10 1.27x1010 1.10 25
— N2+ 02 4.63x10-11 -20 4.95x10-11 1.10 25 A8
— NO +NO 7.25x10-1 7.75x10-1 1.10 25
O('D) + NHz— OH + NH2 2.5x10-10 0 2.5x10-10 120 25 A9
O(ID) + CO2 — 0 + CO2 7.5x10-1 -115 1.1x10-10 1.15 20 Al0
O(D) + CHs — Overall 1.75x10-10 1.75x10-10 115 25
— CHs + OH 1.31x10-10 0 1.31x10-10 115 25 All
— CH30 or CH0H + H 0.35x10-10 0.35x10-10 1.15 25 -
— CH20 + H. 0.09x10-10 0.09x10-10 1.15 25
O(ID) + HCl — Quenching and Reaction 1.5x10-10 0 1.5x10-10 1.10 25 Al2
O(!D) + HF — Quenching and Reaction 5.0x10-12 0 5.0x10-1t 1.50 25 Al13
O('D) + NFs — Quenching and Reaction 2.05x10-1 -50 2.4x1011 1.20 25 Al4
O(D) + HBr — Quenching and Reaction 15x10-10 0 1.5x10-10 1.50 25 Al5
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Reaction A-Factora ER k(298 K)2
O(1D) + Clz— Quenching and Reaction 2.7x10-10 0 2.7x10-10
O(2D) + CCl,0 — Quenching and Reaction 2.2x1010 -30 2.4x10-10
0O(D) + CCIFO — Quenching and Reaction 1.9x10-10 0 1.9x10-10
O(2D) + CF20 — Quenching and Reaction 7.4x10-11 0 7.4x10-11
(()C(lFDéZ 0C)C|4 — Quenching and Reaction 3.3%10-10 0 3.3x10-10
O(1D) + CHsBr — Quenching and Reaction 1.8x10-10 0 1.8x10-10
O(1D) + CH2Br> — Quenching and Reaction 2.7x10-10 0 2.7x10-10
O(2D) + CHBrs — Quenching and Reaction 6.6x10-10 0 6.6x10-10
(()I-(IlFD(Zr‘. :SHsF — Quenching and Reaction 1.5x10-10 0 1.5x1010
?F(‘LD(%; 2(§H2Fz~> Quenching and Reaction 5.1x10-11 0 5.1x10-11
(()I-(IlFD(;; ;’;HH—» Quenching and Reaction 9.1x10-12 0 9.1x10-12
?F(‘gg g_;:ll-)lCIzFa Quenching and Reaction 1.9x10-10 0 1.9x10-10
(()S(I:Dg g_gzl-)lchz — Quenching and Reaction 1.0x10-10 0 1.0x10-10
O(D) + CHF2Br— Quenching and Reaction 1.75x10°10 -70 2.2x1010
(()éll:Dc):?rL :SCIaF—> Quenching and Reaction 2.3%10-10 0 2.3x10-10
(()élFDéz Z(;CIze—) Quenching and Reaction 1.4x10-10 0 1.4x10-10
?&D&; ?SCIF:; — Quenching and Reaction 8.7x10-11 0 8.7x10-1
(()I-(Ilarl)g ; 1(:2C1I1I3)er — Quenching and Reaction 1.5x10-10 0 1.5x1010
?}-(lla?g r:r 1(32%;2;2 — Quenching and Reaction 2.2x10-10 0 2.2x10-40
(()I-(I;[I)g ; ﬁ%&ia — Quenching and Reaction 1.0x10-10 0 1.0x10-10
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(298 K)o

Notes

Reaction

O(!D) + CH3CHzF — Quenching and
Reaction
(HFC-161)

A-Factora

ER

k(298 K)2 Notes

O(!D) + CH3CHF2 — Quenching and
Reaction
(HFC-152a)

O(!D) + CHsCCl2F — Quenching and
Reaction
(HCFC-141b)

2.6x10-10

2,6x10-10

2.6x10-10

2.6x10-10

O(*D) + CHsCCIF2 — Quenching and
Reaction
(HCFC-142b)

O(D) + CH3CFs — Quenching and Reaction
(HFC-143a)

O(!D) + CH:CICCIF2 — Quenching and
Reaction
(HCFC-132h)

2.2x1010

1.6x10-10

2.2x1010

1.6x10-10

O(1D) + CHCICF; — Quenching and
Reaction
(HCFC-133a)

1.2x10-10

1.2x10-10

O(!D) + CH2FCF3 — Quenching and Reaction
(HFC-134a)

4.9x10-11

4.9x10-1

O(!D) + CHCI.CF; — Quenching and
Reaction
(HCFC-123)

2.0x10-10

2.0x10-10

O(!D) + CHCIFCF; — Quenching and
Reaction
(HCFC-124)

8.6x10-1

8.6x10-1

O(D) + CHF.CFs — Quenching and Reaction
(HFC-125)

1.2x10-10

1.2x10-10

O('D) + CCIsCF3s — Quenching and Reaction
(CFC-113a)

2x10-10

2x10-10

O(!D) + CCLFCCIF2 — Quenching and
Reaction
(CFC-113)

2x1010

2x1010

O(!D) + CCLFCF3 — Quenching and
Reaction
(CFC-114a)

1x1010

1x1010

O(!D) + CCIF.CCIF2 — Quenching and
Reaction
(CFC-114)

1.3x1010

1.3x1010

O(*D) + CCIF2CF3s — Quenching and
Reaction
(CFC-115)

5x101t

5x101

O('D) + CBrF.CBrF2 — Quenching and
Reaction

1.6x1010

1.6x10-10
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Reaction A-Factora ER k(298 K)2
(Halon-2402)
O(D) + CHF.CF.CF.CHF> — Quenching and
Reaction 1.8x10-11 0 1.8x10-1
(HFC-338pcc)

O(1D) + ¢-C4Fs — Quenching and Reaction

O(1D) + CFsCHFCHFCFCF; — Quenching

and Reaction

Reaction

2.1x10-10

O(!D) + 1,2-(CF3)2c-CaFs — Quenching and

O(D) + SFs — Quenching and Reaction

2.1x10-10

Notes

Singlet O, Reactions
02(1A) + O — products <2x10-16 A66
02(1A) + 02 — products 3.6x10-18 220 1.7x10-18 12 100 A67
0(1A) + 03 — O + 20, 5.2x10-1 2840 3.8x10-15 12 500 A68
02(1A) + H20 — products 4.8x10-18 15 AB9
0z(1A) +N—NO +0 <9x10-17 A70
02('A) + N2 — products <100 A71
02(1A) + CO2 — products <2x10-20 A72
1-8

Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
02(1Z) + O — products 8x10-4 5.0 A73
02(%) + O2 — products 3.9x10-17 15 A74
02(1Z) + O3 — products 3.5x10-1 135 2.2x10-1 115 50 A75
82(12) + Ho - products 6.4%102 600 if;‘llgff 115 100 a6

2(15) + H2 — 2 OH (see note)
02(1%) + Hz20 — 02 + H20 3.9x1012 -125 5.9x1012 13 100 ATT
0('%) + N — products <10-8 A78
02(%) + N2 — products 1.8x10-15 -45 2.1x10-15 11 100 A79
04(15) + N20 —> products 7.0x10% 5 ot 13 50 A0
02(1%) + N20 — NO + NO2 (see Note) -
02(1Z) + CO2 — products 4.2x10-13 0 4.2x10-13 12 200 A81
HO« Reactions
0 +HO, —» OH + 02 3.0x10-1 -200 5.9x10-1
0 + H202 — OH + HO2 1.4x10-12 2000 1.7x10-1%
H+ 00— 1o, See Table 2-1
H+ 03— OH + 02 1.4x10-10 470 2.9x10-11
H+HO, —» 2 OH 7.2x10-11 0 7.2x10-1
— 0 +H0 1.6x1012 0 1.6x10-12
—>H2+ 02 6.9x10-12 0 6.9x10-12
OH + 03 — HO2 + 02 1.7x1012 940 7.3x10-14
OH +Hz— H.0+ H 2.8x1012 1800 6.7x10-15
OH + HD — products 5.0x10-12 2130 4.0x10-15
OH+OH—>H0+0 1.8x1012 0 1.8x10-12
—M_> H20; See Table 2-1
OH + HO2— H20 + 02 4.8x10-1 -250 1.1x10-%0
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Reaction A-Factora ER k(298 K)2 (298 K)o g Notes Reaction A-Factora ER k(298 K)2 f(298 K)o g
OH + H202 — H20+ HO2 See Note B11 HO> + NO; — products 3.5x10-12 15
14 -15
HOz+ 03— OH + 20; 1.0x10- 490 1.9x10 115 80 B12 HO2 + NH, — products 3.4x10-11 20
HO2 + HOz — Ho02 + Oz 3.0x103 -460 1.4x1012 115 100 BI3
N+0,—>NO+0 1.5x10-11 3600 8.5x10-17 125 400
M — 2
02+ On 2.1x10-53[M] 920 4.6x10-2 [M] 1.2 200 N+ 03 N0+ 0n 20x10
HOz+ HOz - 5.4x10-11 410 1.4x1011 2 100
2+ HOz-Ho0 — products bl N+NO = N2+ 0 2.1x101 100 3.0x10-1 13 100
NOx Reaction
Ox Reactions N +NOz— N0+ 0 5.8x1012 -220 1.2x1011 15 100
M See Table 2-1
0+NO —>NO2 (See Table 2-1) NO + 03— NOz+ 02 3.0x10-12 1500 1.9x10-4 11 200
0+N NO + 5.1x10-12 -210 1.04x10-11 11 20 c1
0 > NO+ 0 = NO + NOs > 2NO» 15x10-1 170 26x10-1 13 100
M See Table 2-1
0 +NO, — NOs ¢ ) NOz + 03— NOs + Oz 1.2x10-13 2450 3.2x1017 115 150
0 +NOs— 02+ NO2 1.0x1011 0 1.0x10-11 15 150 c2
NO2+ NO3 — NO + NO2+02 (See Note)
0O + N20s — products <3.0x10-16 Cc3 M
NO2+NO3 —> N20s (See Table 2-1)
0 +HNO3 — OH + NO: <3.0x1077 c4
i * = NOs + NO3 — 2NO2 + Oz 8.5x10-13 2450 2.3x10-16 15 500 c25
0 + HO2NO duct 7.8x1011 3400 8.6x10-16 30 750 c5
22— products — NH2 + O2— products <6.0x10-2 C26
H+NOz— OH + NO 4,0x1010 340 1.3x10-10 13 300 c6
NHz + 03 — products 4.3x10-12 930 1.9x10-13 30 500 c27
M See Table 2-1
OH +NO —> HONO ¢ ) NHz + NO —> products 4,0x10-12 —450 1.8x10-11 13 150 c28
M See Table 2-1
OH + NOz ——> HNOs ¢ ) NHz + NO2 — products 2.1x10-12 -650 1.9x10-11 3.0 250 c29
OH +NO duct 2.2x101 15 c7
3 — products - NH + NO — products 4.9x10-11 0 4.9x10-1 15 300 C30
+200
OH +HONO + 1.8x10-11 390 45x1012 15 cs
—HO+NO: - = NH +NO2 — products 3.5x10-13 1140 1.6x10-1t 20 500 c31
OH + HNO3 — H20 + NO; See Note] 12 c9
o : ( ) = O3+ HNOz —> 02+ HNOs <5,0x10-19 c32
OH + HONO2 > products 13x10-2 380 46x10-2 13 | 0 e
-500 N20s + H20 — 2HNO3 <2.0x10-2 c33
OH + NHz — Ho0 + NH, 1.7x10-22 710 1.6x10-13 12 200 cu
N2(A,v) + Oz — products 2.5x10-12, v=0 15 C34
HOz + NO — NO2 + OH 3.3x10-12 -270 8.0x10-12 115 20 c12
Nz(A,v) + Os —> products 4.1x1011, v=0 20 ca4
Hz0 + NOz" — OH + HONO see note C13 . .
2 : = Reactions of Organic Compounds
M See Table 2-1
HOz + NO, ——> HO2NO2 ( e 2-1) 0 + CHs — products 1.1x10-10 0 1.1x1010 13 250 D1
HOz + NO2— HONO + O See Note cl4
et : ¢ ) — 0+ HCN — products 1.0x1011 4000 1.5x1017 10 1000
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes

O + C2H2 — products 3.0x10-1 1600 1.4x10-3 13 250 D3
0 + H2CO — products 3.4x10-1 1600 1.6x10-13 125 250 D4
O + CH3CHO — CHsCO + OH 1.8x10-1 1100 4.5x10-13 125 200 D5
02 +HOCO — HO; + CO; (Si’élﬂ';e) 2 D6
03 + C2H2 — products 1.0x10-4 4100 1.0x10-% 3 500 D7
03 + C2Hs — products 12x1014 2630 1.7x10-18 1.25 100 D8
03 + CsHs — products 6.5x10-1% 1900 1.1x10-7 115 200 D9
03 + CH2=C(CHs)CH=CH, — products 1.0x10-4 1970 1.3x10-17 11 150 D10
OH + CO — Products (See Table 2-1) D11
OH + CHs — CHs + H.0 2.45x10-12 1775 6.3x10-15 11 100 D12
OH + 13CHs — 13CHz + H,0 (See Note) D13
OH + CH3D — products 3.5x10-12 1950 5.0x10-1% 1.15 200 D14
OH + H2CO — H20 + HCO 5.5x10-12 -125 8.5x10-12 115 50 D15
OH + CH3OH — products 2.9x10-12 345 9.1x10-13 1.10 60 D16
OH + CH300H — products 3.8x1012 -200 7.4x10-12 14 150 D17
OH + HC(O)OH — products 4,0x10-13 0 4.0x10-13 1.2 100 D18
OH + HC(0)C(O)H—> products 1.15x1011 0 1.15x101 15 200 D19
OH + HOCH.CHO—> products 1.1x10- 0 1.1x1012 1.2 200 D20
OH + HCN — products 12x1013 400 3.1x10- 3 150 D21
OH + oty —s products (See Table 2)

OH + CoHa l) products (See Table 2)

OH + C2Hg — H20 + CoHs 7.66x10-12 1020 2.5x10-13 1.07 50 D22
OH + CH3CHO —> products 4.63x1012 -350 1.5x101t 1.05 20 D23
OH + CH3CH20H —> products 3.35x1012 0 3.35x1012 1.05 20 D24
OH + CH3C(O)OH —> products 3.15x1014 -920 6.9x1013 115 100 D25

1-12

Reaction A-Factora ER k(298 K)2 (298 K)b g Notes

OH + CsHs— products 8.7x1012 615 1.1x1042 1.05 50 D26
OH + C2HsCHO — C2HsCO + H.0 4.9x10-12 -405 1.9x10-1¢ 1.05 80 D27
OH + 1-C3H70H — products 4.4x10-12 -70 5.6x10-12 1.05 80 D28
OH + 2-C3H70H — products 3.0x10-12 -180 5.5x10-12 1.05 80 D29
OH + C2HsC(O)OH — products 1.2x10-12 0 1.2x10-12 11 200 D30
o v coon | e <tk o
OH + CH,=C(CHz)CH=CHz — products 3.1x10-1 -350 1.0x10-10 11 100 D32
OH + CH3CN — products 7.8x10-13 1050 2.3x10-14 15 200 D33
OH+ CH3ONO2 — products 8.0x10-13 1000 2.8x10-14 17 200 D34
OH + CH3C(0)02NO2 (PAN) — products <4 x10-4 D35
OH+ C2HsONO2 — products 1.0x1012 490 2.0x10-13 14 150 D36
OH + 1-C3H70NO2 — products 7.1x1013 0 7.1x10-13 15 200 D37
OH + 2-C3H70NO2 — products 1.2x1012 320 4.1x10-13 15 200 D38
HO: + CH20 — adduct 6.7x10-1% -600 5.0x10-4 5 600 D39
HO2 + CHsO2 — CH300H + 02 4.1x10-13 -750 5.2x10-12 13 150 D40
HO2 + C2Hs02 — CzHsOOH + 02 7.5x10-13 -700 8.0x10-12 15 250 D41
HO2 + CHsC(0)O2 — products 4.3x10-13 -1040 1.4x10-11 2 500 D42
HO2 + CHsC(0)CH202 — products 8.6x10-13 -700 9.0x10-12 2 300 D43
NOs + CO —> products <4.0x10-1 D44
NOs + CH20 — products 5.8x10-16 13 D45
NOs + CHsCHO — products 1.4x10-12 1900 2.4x10-15 13 300 D46
CHs + O2 — products <3.0x10-16 D47
CHs+0s L) CHOs (See Table 2-1)

CHs + O3 — products 5.4x10-12 220 2.6x10-12 2 150 D48
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes

HCO + 02 —» CO + HO2 5.2x10-12 0 5.2x10-12 14 100 D49
CHz0H + 02 — CH20 + HO2 9.1x10-12 0 9.1x10-12 13 200 D50
CH30 + 02 — CH20 + HO2 3.9x10-14 900 1.9x10-15 15 300 D51
CH30 + NO — CH20 + HNO (See Note) D52
CHIO + NO — > CHyONO (See Table 2-1)

CHs0 + NO2 — CH20 + HONO 1.1x10-1 1200 20x1013 5 600 D53
CHIO + NOz —> CHsONO: (See Table 2-1)

CH302 + O3 — products 2.9x10-16 1000 1.0x10-17 3 500 D54
CH302 + CH302 — products 9.5x10-14 -390 3.5x10-13 12 100 D55
CH302 + NO — CHs0 + NO2 2.8x10-12 -300 7.7x10-12 1.15 100 D56
CHAOz + NO2 —> CHiONOz (See Table 2-1)

CH302 + CH3C(0)02 — products 2.0x10-12 -500 1.1x10-1t 15 250 D57
CHs02 + CH3C(O)CH202 — products 7.5x10-13 -500 4.0x10-12 2 300 D58
CaHs + 02 — CoHs + HO2 <2.0x10-14 D59
CoHs + Oz M, CaHsO2 (See Table 2-1)

C2Hs0 + 02 — CH3CHO + HO2 6.3x10-14 550 1.0x10-4 15 200 D60
C2Hs0 + NO l) products (See Table 2-1)

CzHsO + NO; M, products (See Table 2-1)

C2HsO2 + C2Hs02 — products 6.8x10-14 0 6.8x10-14 2 300 D61
C2Hs02 + NO — products 2.6x10-12 -365 8.7x10-12 12 150 D62
CHaC(0)0z2 + CHaC(0)02 — products 2.9x10-12 500 1.5x10-11 15 150 D63
CH3C(0)O2 + NO — products 8.1x1012 =270 2.0x10-1t 15 100 D64
CHIC(0)0z + NO» — > products (See Table 2-1)

CH3C(O)CH202 + NO — products 2.9x10-12 -300 8.0x10-12 15 300 D65
CH2=C(CH3)CH=CH + NOs— products 3.3x1012 450 7.3x1013 1.25 100 D66
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
FOx Reactions
0+FO>F+0, 27x1011 0 27x1011 30 250 E1
0+F0z >FO+0; 5.0x10-11 0 5.0x10-11 50 | 250 E2
?F'I"FE_C‘le)F — CHzF +HO 2.5x10-12 1430 2.1x10-4 115 150 E3
?;*F’(':_Cs';)z':z = CHF2+ HO 1.7x10-2 1500 11x10-4 115 | 150 E4
(()FTFE%F 3> CRa+H0 5.2x10-13 2210 3.1x10-16 115 | 100 ES5
?:Fz_clgi?"'f — products 25x10-12 730 2.2x10-13 115 150 E6
?:F’éigggi'":z — products 8.7x10-13 975 3.3x10-1 1.07 50 E7
?:ng:gcw = CHFCHaF + HO 1.05x10-22 710 9.7x10-4 107 | 100 Es
?ﬁ;&iﬁg 3> CHCRs+ HO 1.1x102 2010 13x1055 11 100 E9
?:FEE'ZQTCHFZ > products 3.9x10-12 1620 1.7x10-1 12 200 E10
?:;&_‘igz‘;?a — CHFCFs + H.0 1.05%10-2 1630 44x10°5 11 200 ElL
?:FEEQE;CHFZ = CRCHR: + HO 16x102 1660 6.1x10-15 12 200 E12
?:;&i';;zca = CRCFs+ HO 6.0x10-13 1700 2.0%10-15 12 150 E13
?:F’éggig:)':c"“ — products 3.0x10-2 490 5.8x10-3 12 100 E14
((’:F’é_‘;'ggfb")hc':z > products 3.7x102 1290 4.9x10-4 115 | 100 El5
?:F’égjéi;':zwpz > products 2.1x10-12 1620 9.2x10-15 12 150 El6
?:FE_CZE;;"'FC“FZ — products 153x10-12 1340 17x104 11 150 E17
((’:F’é_‘;jéig)“mﬁ —> producs 1.16x10-2 1260 17%104 115 | 100 E18
?;'Fz_gjgfac)mca > products 6.1x10-18 1330 7.0x10-15 12 150 El9
?,:{FE.CZQEEE)FZCFS = CHFCRCF: + H:0 1.05x10-2 1630 44x1075 20 | 200 E20
?:F’é_%ggég)"”:c':ﬁ — products 9.4x10-13 1550 5.2x10-15 12 200 E21
((’F';'FE_CZF;gf:;CFB — CFaCHCFs + H:0 1.45x10-12 2500 3.3x10-16 115 | 150 E22
?:cmzz;g:; CFs — CRiCFCFs#H0 6.3%10-18 1800 15x10-15 115 | 150 E23
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
?ﬁég'g;f;gf“zc':a > products 18x102 1660 6.9x10-%5 13
?:FE_%EE%%CHZCE > products 34x102 1820 7.6x10%5 12 | 300 E25
?FTFEZE';;%ZCFZCH > products 17x102 1100 4.2x104 13 | 150 E26
?:FE_%;'BF;ESZCFZCFZH > products 7.7x10-%8 1540 4.4x10-55 12 | 150 E27
?:ng';;fn'}'égFZCHZCH > products 11x102 1800 2.6x10-%5 15 | 200 £28
?:éi?fg‘nf;';m':zca > products 5.2x10-18 1500 3.4x10-15 12 | 150 E29
e ssaomen R products 3.5x102 1800 | 83x0% 15 | 30 | E0

OH + CH2=CHF — products

OH + CH2=CF, — products

OH + CF2=CF2 — products

OH + CF3CHz0H — products

OH + CF3CF2CH20H — products

1.15x10-12

1.0x1013

OH + (CF3)2CHOH —» products 5.1x10-13 900 2.5x10-4
OH + CFaCF2CF2CF2CH,0H —> products 1.16x10-12 730 1.0x10-13
1-16
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OH + CHsOCHF2 — products 1 14

(HFE-1522) 6.0x10~ 1530 3.5x10 13 200 E49
OH + CH30CF3 — CH20CF;3 + H20 14

(HFE-1432) 1.2x10 11 150

OH + CHF20CHF2 — CF20CHF, +H.0 1 15

(HFE-134) 1.1x10~ 1830 2.4x10 1.15 150 E5L
OH + CHF20CF3s — CF20CFs + H.0 46x10-12 2040 £.9%10-16 12 200 E52

HFE-125

OH + CH3OCF2CHF2 — products

1.7x1012

1300

2.2x10-1

13

200

OH + CH3OCFCF3; — products

OH + CHF20CH.CF3 — products
HFE-245fa)

OH + CH30CF2CF2CFs — products

1.1x1012

1.4x10-12

1370

1.1x10-14

1.1x10-4

OH + CHiOCF(CFs)2 — products

OH + CHF20CH2CF2CHF2 — products

1.3x1012

1.8x10-12

1.5x10-4

1.6x10-4

12

150

OH + CHF20CHCF>CFz — products

M
F+0, —FO,

1.6x1012

(See Table 2-1)

1.0x104

F+0s—>FO+02

2.2x1011

230

1.0x1012

15

200

Er2
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
F+H,—>HF+H 1.4x10-10 500 2.6x10-1t 12 200 E73
F +H20 — HF + OH 14x10-1 0 1.4x10-1¢ 13 200 E74
Fno — s Eno (See Table 2-1)

F +NO, L) FNO» (See Table 2-1)
F + HNOz — HF + NOs 6.0x10-12 -400 2.3x101* 13 200 E75
F + CHs — HF + CHs 1.6x10-10 260 6.7x10-1t 14 200 E76
FO + Oz — products <1x10-4 E77
FO +NO — NO2+F 8.2x10-12 -300 2.2x101t 15 200 E78
FO + NO2 — FONO: (See Table 2-1)
FO+FO —»2F+ 02 1.0x10-1 0 1.0x10-1t 15 250 E79
FO2 + 03 — products <3.4x10-16 E80
FO2+NO — FNO + Oz 7.5x10-12 690 7.5x10-13 20 400 E81
FO2 + NO2 — products 3.8x10-1 2040 4.0x10-14 20 500 E82
FO2 + CO — products <5.1x10-16 E83
FO2 + CHs — products <2x10-16 E84
CFs+ 0 —s R0, (See Table 2-1)
CF:0+M—>F+CF0+M (See Table 2-1)
CFs0 + 02 —» FO2 + CF20 <3x10-1 5000 <15x10-18 13 - E85
CFs0 + O3 — CFs02 + 02 2x10%2 1400 18x101 600 E86
CF30 + H20 — OH + CF:0H 3x10-12 >3600 <2x 1017 12 - E87
CFs0 + NO — CF20 + FNO 37x101 -110 54x101 70 E88
CF30 + NOz2 — products (See Note) E89
l) CE:0NO, (See Table 2-1)
CF30 + CO — products <2 x 101 E90
l> CF;0CO (See Table 2-1)
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
CF30 + CHs — CHs + CFsOH 2.6 x 1012 1420 2.2x 104 11 200 E91
CF30 + CoHs — CoHs + CFsOH 49x 1012 400 13x 1042 12 100 E92
CF30; + 03 - CF:0 + 202 <3x 1015 E93
CF302+ CO — CF30 + CO2 <5 x 10-16 E%4
CFs02 + NO —> CF30 + NO2 54x 1012 -320 1.6x 1011 11 150 E9%
CFi02 + NO? —> CFs0:NO: (See Table 2-1)
ClO« Reactions
0+CI0—Cl+0, 2.8x10-11 -85 3.7x10-11 1.05 50 F1
0+0CIO - Clo +02 24x1012 960 1.0x10-18 20 300 F2
0+00i0 —% cio, (See Table 2-1)
0+Cl0 - ClO + CIO 2.7x10-11 530 4.5x10-12 12 100 F3
0+HCl—> OH +Cl 1.0x1011 3300 1.5x10-16 15 350 F4
0+HOCl— OH + CIO 1.7x10-18 0 1.7x10-18 30 300 F5
0+ CIONO2 — products 3.6x10-12 840 2.1x10-13 12 100 E6
03+ 0CIO —> products 2.1x1012 4700 3.0x10-19 25 | 1000 F7
03 + Cl202 — products <1.0x10-1¢ E8
OH +Cl; > HOCI + Cl 2.6x10-12 1100 6.5x10-14 11 200 F9
OH +CI0 — Cl + HO2 7.4x10-12 270 1.8x10-11 12 50 10
— HCl+ 0, 6.0x10-12 -230 1.3x1012 17 100 =2
OH +0CIO — HOCI + 0; 1.4x10-12 -600 1.0x10-11 15 150 F1L
Qi+ GHO = lf(od! » Y 47x1012 -140 7.5%1042 1.2 100 F12
OH + Cl202 — HOCI + CIOO 6.0x1013 670 5.7x1012 13 100 F13
OH +HCl - H0 +Cl 1.8x1012 250 7.8x1018 11 50 F14
OH +HOCI - Hz0 + CIO 3.0x102 500 5.0x10-13 30 500 F15
OH + CINOz — HOCI + NO2 2.4x10-12 1250 3.6x10-14 20 300 F16
OH + CIONO: > products 1.2x1012 330 3.9x10-13 15 200 F17
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
OH + CHsCl = CH:Cl + H0 24x102 1250 3.6x10-1 115 | 100 Fi8
OH + CHiCh —> CHCl + H:0 19x1022 870 10x108 115 | 100 F19
OH + CHCls —> CCls + H0 22x102 920 10x108 115 | 150 F20
OH + CCls — products ~1.0x10-12 >2300 <5.0x10-16 - - F21
?F'I"C"Fggzl';c' = CHCIF + H:0 2.4x10-12 1210 4.1x104 115 | 200 2
?ﬁc}gﬁflz = CFClz +H:0 12x10-2 1100 3.0%1044 12 | 150 23
?:C"nggc' - CRCl+H.0 1.05x10-2 1600 48x10-15 11 150 F24
?EFJrc-ClFl?g — products ~L0x1042 | 83700 | <5.0x10 £25
(()(':-IFEEZCIH products ~1.0x102 >3600 | <6.0x10-8 F26
OH + CH,CICHs > products 5.4x102 800 3.7x103 12 100 27
OH + CHiCCl —> CH,CCk + H:0 164x10-2 1520 10101 115 | 100 F28
?:C’;g”lflzf'z = CHCFCl + H0 125x10-2 1600 5.8x10-15 115 | 150 £20
((’:C’;g”lﬁgc' = CHCFoCl + H0 13x102 1770 3.4x10-15 12 150 F30
?:c’;g_qzsg';m' — CHCICF,CI +H:0 3.6x10-12 1600 17x10-1 15 200 31
?:c’;g_'}g%';ﬁ = CHCICFs + H:0 143x10-12 1400 13x10-1 13 150 22
?:C"ngg'zﬁ':;‘cz'; CCLCRCl 7.7x108 810 51x10-1 12 150 a3
((’:C’;gq;%fﬂzg CFCICFCL 7.1x10-3 1140 16x10-4 13 150 £34
?:C"Fg_qg';)cﬁ = CClCFs + H:0 6.3x10-13 850 3.6x10-14 12 100 35
C(J:C}gz;%():m — CFCICFCI +H:0 8.6x10-13 1250 13x104 13 200 36
C(J:Cr:g_q;%lCFs - CFCICFs + H:0 7.1x10-19 1300 0.0x10-15 115 | 100 37
%‘C"FSEZ%EZC)CFC'Z > products 7.7x1013 1720 2.4x10-15 13 200 F38
(():C"FEZEECC;ZCH > products 6.3%10-13 960 2.5x10-14 12 200 F39
c(’:c’;gg;gg; 2CF2Cl — products 5.5x10-18 1230 8.9x10-15 12 | 150 F40
OH + CFsCH,CFCl, —> CFaCHCFCh + H:O | 18x10-2 2300 8.0x10-5 15 | 200 F41
OH + CHz=CHCI —> products 13x102 500 6.9x102 12 | 100 F42
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
OH + CH,=CCl> — products 1.9x1012 -530 1.1x10-1t 115 150 F43
OH + CHCI=CCl, — products 8.0x10-13 -300 2.2x10-12 1.2 100 F44
OH + CCl=CCl, — products 4.7x10-12 990 1.7x10-13 1.2 200 F45
OH + CHF20CHCICFs — products 1.1x10-12 1275 1.5x10-14 11 50 F46
OH + CH3OCI — products 2.5x10-12 370 7.1x10-13 2.0 150 F47
OH + CCIsCHO — H20 + CCl:CO 9.1x10-12 580 1.3x10-12 13 200 F48
HO2 + Cl - HCI + Oz 1.4x10-12 -270 3.5x10-1 12 100 F49
—OH +CIO 3.6x10-1 375 1.0x10-1t 14 150
HO2 + CIO — HOCI + Oz 2.6x10-12 -290 6.9x10-12 12 150 E50
H20 + CIONO: — products <2.0x10-2 E51
NO +OCIO — NO2 + CIO 2.5x10-12 600 3.4x10-13 2.0 300 F52
NO + Cl202 — products <1.0x10-15 F53
NOs + OCIO —> 0;CIONO (See Table 2-1)
NOs + HCl — HNOs + Cl <5.0x10-17 F54
HO2NO2 + HCI — products <1.0x10-2 E55
Cl+0; l) 0o (See Table 2-1)
Cl+03—>CIO + Oz 2.3x10-1t 200 1.2x10-1t 115 50 E56
Cl+Hz > HCI+H 3.05x10-1 2270 1.5x10-14 11 100 E57
Cl + H202 — HCl + HO, 1.1x10-1 980 4.1x10-13 13 300 F58
cl+no —25 noc (See Table 2-1)
01+ N0z —5 CIoNO (CINOY) (See Table 2-1)
Cl+NO3 — CIO + NO2 2.4x10-11 0 2.4x10-1t 15 400 F59
Cl+N20 — CIO + N2 (See Note) F60
Cl + HNO3; — products <2.0x10-16 E61
Cl + HO2NO2 — products <1x10-13 F62
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes

al+co - cico (See Table 2-1)

Cl + CHs — HCI + CHs 7.3x10-12 1280 1.0x10-13 1.05 50 F63
Cl + CHsD — products 7.0x10-12 1380 6.8x10-14 1.07 50 E64
Cl +H2CO — HCI + HCO 8.1x10-1 30 7.3x10-1t 115 100 F65
Cl +HC(O)OH — products 2.0x10-13 15 F66
Cl + CHsO2 — products 1.6x10-10 15 F67
Cl+ CH3OH — CH.0OH + HCI 5.5x10-11 0 5.5x10-1¢ 12 100 F68
Cl + CHsOOH — products 5.7x10-11 2.0 F69
Cl + CHsONO2 — products 1.3x10-11 1200 2.3x10-13 15 300 E70
Ol + Caby —2-5 CICaH, (See Table 2-1)

Cl+ CoHe —s CICH (See Table 2-1)

Cl + C2Hs — HCl + C2oHs 7.2x10-14 70 5.7x10-1 1.07 20 F71
Cl + C2HsO2 — CIO + C2HsO 7.4x10-11 20 E72

— HCI + C2H4O2 7.7x10-1t 2.0
Cl + CH3CH20H —> products 9.6x10-1 0 9.6x10-1% 12 100 F73
Cl + CHsC(O)OH —> products 2.8x10-4 20 F74
Cl + CH:CN — products 1.6x10-1 2140 1.2x10-14 20 300 E75
Cl + C2HsONO2 — products 1.5x10-12 400 3.9x10-12 15 200 F76
Cl + CHsCO3NOz — products <1x10-14 F77
Cl + C3Hg — HCl + CHsCHCHs 6.54x10-11 8.0x10-1t 11 20 E78
— HCl + CH2CH.CH3 7.85x10-1 80 6.0x10-1t 1.05 20

Cl + CHsC(O)CHs — CHsC(O)CH: +HCI 7.7x1011 1000 2.7x1012 13 500 E79
Cl + CH,=C(CH3)CH=CH> — products 7.7x101% -500 4.1x10-10 1.15 100 F80
Cl + C2HsCO3NO2 — products 1.1x10-12 2.0 F81
Cl +1-C3H/ONO2 — products 2.3x10-1t 15 F82
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
Cl + 2-C3H70NO2 — products 4.0x10-12 2.0 F83
C1+0CI0 > CIO +CIO 341011 ~160 5.8x10-11 125 | 200 F84
C1+CIO0 > Ch + 0 23x1010 0 23x1010 20 200 F85
5ClO+CI0 12x1011 0 12x1011 20 200
Cl+ChO - Ch + CIO 6.2x10-1 -130 9.6x101 12 130 E86
€I+ Ch0s > products 76x101 | 94x10% | 10x10 12 100 F87
Cl + HOCI — products 3.4x10-12 130 2.2x10-12 13 200 E88
Cl+CINO —> NO + Ch, 5.8x10-1 ~100 81x101 15 200 F89
€I+ CIONO: > products 6.5x1022 135 101011 11 50 F20
Cl+ CHsCl = CHoCl+ HCI 217101 1130 49x10°3 107 50 Fol
Cl+ CHiCh — HCI + CHCly 74102 910 3510 107 | 100 o2
Cl+ CHCls —> HCI + CCly 33100 990 12103 115 | 100 o3
fl‘;g;‘sl'; — HCl+ CHF 1.96x10-11 1200 35x10-13 115 | 150 Fo4
C(L}g'g)z — HCl + CHF 4.9x10-12 1500 3.2x10-1 15 200 F95
=
(Er:’fcggz;lc)' — HCl+ CHFCI 5.0x10-12 1200 1.05x10-13 11 200 Fo7
C(L*ng;‘i'; — HCl+ CFC 6.0x10-12 1700 2.0x10-14 12 200 Fo8
C(L”C%F;g — HCl+CRCl 5.6x10-12 2430 L16x10-15 115 200 Fog
Cl+ CHiCCl —> CHaCCl + HC 323102 1770 85105 12 200 | F100
%;g?;%"f —> HCl + CHsCHF 1.82x101 330 6.0x10-12 11 100 | Ao
5 HCl + CH.CH:F L4x1on 940 6.0x10°3 115 | 100
C(L;CC'I;CZ';)F 2> HCl + CHiCF. 5.8x10-2 950 24x10-43 11 100 | F102
5 HCl + CH.CHF2 6.25x10-2 2320 26x10°5 115 | 200
((:L;CCTEZ?HZF = HCl + CHFCHF 2.27x10-1 1050 6.7x10-15 115 200 F103
C(ngggﬁicbl)z_) HCI + CHZCFC: 34x102 2200 2.1x10-%5 115 | 200 | Fo4
123




Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
%Efgﬁ;ﬁg' > HCI + CHCFR:Cl 1.35x10-12 2400 43101 115 200 F105
?L’;g'ﬁ%’;; = HCl+ CH:CFs L4dx1o1 3940 26x10-7 30 300 | Fl06
C(L;g'tg”':z — HCl+ CHFCF, 6.8x10-2 1670 25x10-4 13 200 | Fl07
5 HCI + CHFCHF 91102 1770 24x10-4 13 200
C(L*cgngg; > HCl + CHCICFs 183x10-2 1680 6.5x10-15 12 200 | F108
%}[I;(STEZE)F 3> HCl + CHFCFs 24x102 2200 15x10-5 11 200 | Fl09
C(LEE_TEZ‘;HFZ = HCl+ CR.CHF 7.0x10-2 2430 2.0x10-15 12 200 F110
?L*C’c:gcll;g)': 3= HCl + CCI:CFs 5.0x10-12 1800 1.2x10-4 115 200 F111
?L*C%Fﬁg':a = HCl+ CFCICFs 1.13x10-2 1800 27x10°5 12 | 20 | P2
C(L}g"'l';g‘)}a > HCI+ CF.CFs 18102 2600 30x10°5 15 300 | Fu3
O+ CaCle — CaCls (See Table 2-1)
CI0+ 05 - CIO0 + 0 <L4x107 Fl14
50CI0+0s 10x102 4000 | <LO0x1040
ClO + Hz — products ~1.0x10-12 >4800 <1.0x10-1¢ F115
CI0+NO - NOz + €l 6.4x1022 200 17104 115 | 100 | F16
CI0+NO; —2 CIONO: (See Table 2-1)
CIO+NOs > CI0O + NO, 47x103 0 47x103 15 w00 | Fuz
CIO + N20 — products ~1.0x10-12 >4300 <6.0x10-1 F118
CIO + CO — products ~1.0x10-12 >3700 <4.0x10-18 F119
CIO + CHs — products ~1.0x10-12 >3700 <4.0x10-18 E120
ClO + H.CO —> products ~1.0x10%2 >2100 <1.0x10-1 F121
CI0 + CHs0» > products 33x102 115 22x102 15 s | R
CIO+CIO > Ch+ 0 10x102 1590 4.8x10%5 15 300 | F123
CI00+Cl 30x10-11 2450 8.0x10%5 15 500
-50CI0 +Cl 35x1088 1370 35x10%5 15 300
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
cio +cio —%s o, (See Table 2-1)
CI0 +0CI0 —55 C1,03 (See Table 2-1)
HCI + CIONO2 — products <1.0x10-2 F124
CHCl + 02— CHACIO, (See Table 2-1)
CHCh + 02 — > CHCL0, (See Table 2-1)
CCls + O M, CChOy (See Table 2-1)
CFClo + 02 —a CFCHO: (See Table 2-1)
CF:Cl+ 0, —s CF:CI0, (See Table 2-1)
CCh02+ NOz —> CCLONO> (See Table 2-1)
CFCHO2+ NOz —- CFCLONO; (See Table 2-1)
CFCI02+ NO2 —5 CFCIONO: (See Table 2-1)
CH:CIO + 02 —» CHCIO + HO» 6 x 10 5 F125
CHZCIO, + HO, —> CHiCIORH + 02 33x10% 820 | 52x10% | 15 200 | Fi26
CH:CIO, + NO —> CH:CIO + NOz 7x1022 -300 19x101 | 15 200 | Rz
CCHO2 + NO —> CChO + NOz + CI 73x102 270 18x104 | 13 200 | F128
CCHFOs + NO —> CCIFO + NO, + Cl 45x10-2 350 15x101 | 13 200 | F120
CCIF20 + NO = CFo0 + NOs + CI 38x102 400 15x101 | 12 200 | F130
BrOx Reactions
0+BrO > Br+0, 19x10-11 230 41x101 15 150 61
O+HBr —> OH + Br 5.8x102 1500 38x104 13 200 G2
0+ HOBr > OH + BO 12x1010 430 28x10-11 30 0 | 63
0+BrONOz > NOs + BrO 1.9x101 215 39x10 125 0 | o4
OH + B> —> HOBr + Br 21x10-11 240 46x1011 11 50 | G5
OH + BrO — products 1.7x101t -250 3.9x10-1t 14 100 G6
OH + HBr —> H,0 + Br 55x10% 200 11x1018 11 100 | &7
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
OH + CHsBr — CHzBr + H:0 2.35x10-12 1300 3.0x10-4 11 100 G8
OH + CH2Br2 — CHBr2 + H.0 2.0x10-22 840 1.2x10-42 115 150 69
OH + CHBr; — CBrs + H:0 1.35x10-12 600 1.8x10-12 15 100 | Gl0
OH + CHF2Br — CF2Br + H:0 1.0x10-12 1380 1.0x10-4 11 100 | eu
OH + CH.CIBr — CHCIBr + H,0 2.4x10-12 920 1.1x10-8 11 100 | G12
?:al’;ﬁ?z%%" products X102 52200 | <5.0x10%6 613
?HHa; ﬁ;%’l)_’ products x10-12 >3600 <6.0x10-18 Gl4
?ﬁaﬁ)ﬁzﬁg > products X102 >2600 | <L5x1018 Gl5
OH + CH2BICHs —> products 2.9x10-22 640 3.4x10-42 12 150 | 616
OH + CHBICF3 — CHBICFs + H:0 1.4x10-12 1340 1.6x10-4 12 150 | G617
OH + CHFBICFs — CFBICFs + H:0 7.3x10-12 1120 1.7x10-4 12 100 | c8
OH + CHCIBICF; — CCIBICFs + H:0 1.1x1012 940 4.7x10-4 12 15 | Gl19
OH + CHFCICF2Br — CFCICFBr + H:0 8.4x10-12 1220 1.4x10-4 13 200 | G20
(()}:laro Iil;;%rz(;FzBr — products Ax10-2 53600 <6x10-18 G21
OH + CHBICH,CHs — products 3.0x10-22 330 1.0x10-22 1.05 50 22
OH + CHsCHBICHs — products 1.85x10-12 270 7.5x10-12 105 50 G23
HO2 + Br — HBr + 0; 481012 310 1.7x10-12 13 150 G24
HO2 + BrO —> products 45x10-12 460 2.1x10-11 115 100 G25
NOs + HBr — HNOs + Br <1.0x10-16 626
Cl+ CH3Br — HCl + CHBr 1.4x10-11 1030 44103 1.05 50 Gar
Cl + CHzBr2 — HCl + CHBr 6.3x10-12 800 43x10-8 11 50 G28
Cl + CHBr3 — CBrs + HCI 4.85x10-22 850 2.8x10-13 13 200 629
Cl + CH:CIBr — HC + CHCIBr 6.8x10-12 870 371012 12 100 630
Br+ 03— B0 +0; 1.6x10-11 780 1.2x10-12 115 100 G31
Br + H20; — HBr + HO; 1.0x10-11 >3000 <5,0x10-15 632
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
Br + NO: —— s BINO: (See Table 2-1)
Br + NO3 — BrO + NO2 1.6x10-1¢ 20 G33
Br + H.CO — HBr + HCO 1.7x10-1 800 1.1x10-12 12 125 G34
Br + CHy=C(CHICH=CHa <> X 3 poducts | (52€ 10t iR
Br+0CIO — BrO + CIO 2.6x10-1% 1300 3.4x10-13 20 300 G36
Br + Cl.0 — BrCl + ClO 2.1x10-11 470 4.3x10-12 13 150 G37
Br + Cl202 — products 5.9x1012 170 3.3x10-12 13 200 G38
BrO + O3 — products ~1.0x10-12 >3200 <2.0x10-%7 G39
BrO + NO — NO2 + Br 8.8x10-12 -260 2.1x10-1t 115 130 G40
BIO + NOz —5 BIONO; (See Table 2-1)
BrO + NOs — products 1.0x1012 3.0 G41
BrO + ClO — Br + OCIO 9.5x10-13 -550 6.0x10-12 12 100 G42
—Br+CIOO 2.3x1012 -260 5.5x10-12 12 100
— BrCl + 02 4.1x1013 -290 1.1x10-12 12 100
BrO + BrO — products 1.5x10-12 -230 3.2x10-12 115 150 G43
OBrO + 03 — Products < 1.5x1015 G44
OBrO + NO — Products 2.4x1013 -610 1.8x1012 3 200 G45
CH2BrOz + NO — CH20 + NO2 + Br 4x10-12 -300 11x101 15 200 G46
10« Reactions
O+l—>10+1 1.4x10-10 0 1.4x10-10 14 250 H1
O0+10—>02+1 1.2x10-%0 2.0 H2
OH + 1, - HOI +1 1.8x10-10 2.0 H3
OH+HI > HO +1 3.0x10-1 20 H4
OH + CHsl — H20 + CHal 2.9x10-12 1100 7.2x10-14 15 300 HS
OH + CFsl — HOI + CFs 2.5x10-1 2070 2.4x10-14 13 200 H6
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes

HOz2 +1— HI + 02 1.5x10-1* 1090 3.8x10-13 20 500 H7
HO2 +10 — HOI + 02 8.4x10-11 15 HS
NOs + Hl — HNO3 + | (See Note) H9
Cl + CHsl - CHal + HCI 2.9x101t 1000 1.0x1012 15 250 H10
1+03—>10+0: 2.3x10-1* 870 1.2x10-%2 12 200 Hi1
1+NO M, INO (See Table 2-1)

1+ NO, M, INO2 (See Table 2-1)

1+BrO — 10 + Br 1.2x10-1t 2.0 Hi2
10+ NO — | + NO2 9.1x10-12 -240 2.0x10-1t 12 150 H13
10+ NO; — IONO (See Table 2-1)

10 + ClIO — products 5.1x10-12 -280 1.3x10-11 2.0 200 H14
10 + BrO — products 6.9x10-1 15 H15
10 +10 — products 1.5x10-1t -500 8.0x10-1 15 500 H16
INO +INO — |2+ 2NO 8.4x10-1 2620 1.3x10-14 25 600 H17
INOz + INOz2 — Iz + 2NO2 2.9x10-1t 2600 4.7x10-15 3.0 1000 Hi8

SOx Reactions

O+SH—>SO+H 1.6x10-10 5.0 11
0+CS—>CO+S 2.7x10-10 760 2.1x10-1 11 250 12
O +H.S — OH+SH 9.2x10-12 1800 2.2x1014 17 550 13
0+0CSs - CO+S0 2.1x10-1t 2200 1.3x10-14 115 150 14
0+CS; —»CS+S0 3.2x10-1 650 3.6x10-12 12 150 15
0+50, M 505 (See Table 2-1)

O + CH3SCHs — CH3SO + CHs 1.3x10-1t -410 5.0x10-1 11 100 16
O + CH3SSCH3s — CHsSO + CHsS 3.9x10-1 -290 1.03x10-10 11 100 17
O + CHsS(O)CHs — products 2.0x1012 -440 8.8x10-12 12 200 18
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03 + H2S — products <2.0x10-20 19
03 + CH3SCHs — products <1.5x10-1¢ 110
O3+ S02 — SOs3+ 02 3.0x10-12 >7000 <2.0x10-22 111
03 + SO2F2 — products <1.0x10-2 112
OH + HzS — SH + H.0 6.1x10-12 75 4.7x10-12 11 75 113
OH + OCS — products 1.1x10-18 1200 1.9x10-15 20 500 114
OH +CS2 — SH + 0CS <2.0x10-15 115
o 1.2x10-12

OH +CS; — CS:0H —2> products (SeeNote)  |(SeeNote) | /o'~y v 1.25 116
CS20H + O2 — products 2.8x10-14 0 2.8x1014 12 100 117
OH + CH3SH — CHsS + H.0 9.9x10-12 -360 3.3x101t 1.07 75 118
OH + CH3SCH3 — H20 + CH2SCHs 1.2x10-11 280 4.7x10-12 11 100 119
OH + CHiSCHs l (CH:):SOH 32) products (See Note) | (See Note) at%iilg—:tm 12 120
(CHs)2SOH + 02 — products 8.5x10-13 0 8.5x10-13 1.25 0 121
OH + CH3SCHCl — products 2.5x10-12 20 122
OH + CH3SSCHs — products 6.0x10-1 -400 2.3x10-10 1.2 200 123
OH + CH3S(0)CHs — products 6.1x10-12 -800 8.9x10-11 12 500 124
OH + CH3S(O)OH — products 9.0x10-11 14 125
OH+S—>H+S0O 6.6x10-1 3.0 126
OH +S0O — H + S0z 2.7x1014 -335 8.3x10-1t 1.2 150 127
OH +50; .M_) HOSO, (See Table 2-1)

OH + SO2F2 — products <1.0x10-16 128
HO> + H2S — products <3.0x10-15 129
HO2 + CHsSH — products <4.0x10-15 129
HO2 + CHsSCHs — products <5.0x10-15 129
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes
HO2 + SO2 — products <1.0x10-18 130
NO2 + SO2— products <2.0x10-% 131
NOs+ H.S — products <8.0x10-16 132
NOs + OCS — products <1.0x10-16 133
NOs + CS2 — products <4.0x10-16 134
NOs + CHsSH — products 4.4x10%3 -210 8.9x10-13 1.25 210 135
NOs + CHsSCH3 — CH3SCH2 + HNOs 136
NO3 + CHsSSCH3 — products 1.3x1012 270 5.3x10-13 14 270 137
NOs + CHsS(0)CHs — products 2.9x10-13 16 138
NOs + SO2 — products <7.0x10-2 139
N20s + CH3SCHs — products <1.0x10-7 140
CH302 + SOz — products <5.0x10-%7 41
F + CH3sSCHs — products 2.4.x10°10 2.0 142
Cl+HS— HCI + SH 3.7x10-1 -210 7.4x10-11 12 100 143

Cl + CH3SCHs — CH3SCH. + HCI

Cl+0CS — products <1.0x10-16 145
Cl + CSz — products (See Table 2-1)

CS:Cl + 02 — products <2.5x10-16 146
Cl+ CH3SH — CHsS + HCI 1.2x1010 -150 2.0x10-10 11 100 147
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(CHs)2SCl + O2 — products <4.0x10-18 149
(CH3)2SCl + NO — products 1.2x10-1t 1.25 149
(CH3)2SCl + NO2 — products 2.7x10-1t 1.25 149
Cl + CH3S(0)CHs — CH3sS(O)CHz + HCI 150

Reaction

M
Cl + CHiS(0)CHs ——> CH3(CI)S(0)CH:

CHs(Cl)S(O)CHs + 02 — products

A-Factora

ER

k(298 K)2

(298 K)o

CH3(CI)S(O)CHs + NO — products

CH3(CI)S(O)CHs + NO2 — products

Notes

15

ClO + OCS — products <2.0x10-16 153
CIO + CHsSCHs — products 2.1x10°15 -340 6.6x10-15 15 300 154
CIO + CHsS(0)CHs — products <2.0x10-14 155
CIO + SO — ClI +S02 2.8x10-1 0 2.8x10-1t 13 50 156
ClO +S02 — Cl + SOs <4.0x10-18 153
Br + H2S — HBr + SH 1.4x10-1t 2750 1.4x10-15 20 300 157
Br + CH3sSH — CHsS + HBr 9.2x10-12 390 2.5x10-12 20 100 157
Br + CHsSCH3 — CHsSCH: + HBr 9.0x10-1 2390 3.0x10-14 14 150 158
Br + CHiSCH: — > (CHa):SBr (See Table 2-1)

Br + CHsS(O)CHs — products 1.2x10-14 15 159

BrO + CH3SCHs — products 1.4x10-4 -950 3.4x10-13 1.25 200 161
BrO + CHsSSCHs — products 1.5x10-14 2.0 162
BrO + CH3sS(0)CHs — products 1.0x10-14 20 163
BrO + SO — Br + SOz 5.7x10-1 14 164
10 + CH3SH — products 6.6x10-16 2.0 165
10 + CH3SCHs — products 166
S+0:—»>S0+0 2.3x10-12 0 2.3x1012 1.2 200 167
§$+03—>S0+0 1.2x10-11 20 168
SO+ 02— S0+ 0 1.25x10-13 2190 8.0x10-17 13 350 169
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Reaction A-Factora ER k(298 K)2 (298 K)b g Notes

SO+ 03— S02+ 02 3.4x10-12 1100 8.4x10-14 11 150 170
SO +NOz — SO2+ NO 1.4x10-1t 0 1.4x10-1t 12 50 171
SO +0CIO — S0; + ClO 1.9x10-12 3.0 172
SOz + 2 H20 — products (See Note) (See Note) | (See Note) 12 200 173
SOs + NHz — products (See Table 2-1)

S0s + NO2— products 1.0x10-1° 10.0 174
SH+ 02— OH + SO <4.0x10-1¢ 175
SH+ 03 — HSO + Oz 9.0x10-12 280 3.5x10-12 12 200 176
SH + H202 — products <5.0x10-15 177
SH+NO —L s HSNO (See Table 2-1)

SH +NO2— HSO +NO 3.0x10-1t -250 7.0x10-1 11 50 178
SH + N20 — HSO + N, <5.0x10-16 179
SH+Clz — CISH + Cl 1.4x10-12 690 1.4x10-12 1.15 200 180
SH + BrCl — products 2.3x10-1t -350 7.4x10-11 2.0 200 181
SH + Br2 — BrSH + Br 6.0x10-1% -160 1.0x10-%0 2.0 160 181
SH+F,—>FSH+F 4.3x10-1 1390 4.0x10-13 20 200 181
HSO + 02 — products <2.0x10-17 182
HSO + O3 — products 1.0x10-12 13 183
HSO + NO — products <1.0x10-15 184
HSO + NO2 — HSO2 + NO 9.6x10-12 20 184
HSO:z + 02 — HO2 + SO 3.0x10-13 3.0 185
HOSO: + 02 — HO2 + SO3 1.3x10-12 330 4.3x10-13 1.15 200 186
CS+0,—>0CS+0 2.9x1019 20 187
CS+03— 0CS + 02 3.0x10-16 3.0 188
CS+NO2— OCS +NO 7.6x10-17 3.0 188
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CHsS + 02 — products <3.0x10-18 189
CHsS + Oz — products 1.5x10-12 -360 5.0x10-12 1.15 100 190
CHsS + NO — products <1.0x10-13 191
CHsS + NO l) products (See Table 2-1)
CHsS + NO2 — CH3SO + NO 3.0x10-1 -240 6.7x10-1 12 150 192
CH2SH + 02 — products 6.5x10-12 2.0 193
CHSH + O3 — products 3.5x10-1 2.0 194
CH2SH + NO — products 1.9x10-11 2.0 195
CH2SH + NO2 — products 5.2x10-1 2.0 196
CH3SO + 03 — products 4.0x10-13 15 197
CH3SO + NO2 — CH3SO2+ NO 1.2x10-11 12 198
CH3SOO + O3 — products <8.0x10-13 199
CH3SOO0 + NO — products 1.1x10-1¢ 0 1.1x10-11 20 100 199
CH3S02+ NO2 — products 2.2x10-1 0 2.2x10-11 2.0 100 1100
CHISCH, + 02 — CHiSCH0 (See Table 2-1)
CH3SCHz + NO3 — products 3.0x 1010 2.0 1101
CH3SCH202 + NO — CH3S + CH20 + NO2 4.9x10-12 -260 12x101t 13 200 1102
CH3SCH202 + CH3SCH202— products 1.0x10-12 1.25 1103
CH3SS + 03 — products 4.6x10-13 2.0 1104
CH3SS + NO2 — products 1.8x10-1% 2.0 1105
CH3SSO + NO2 — products 45x10-12 2.0 1105
Sodium Reactions

Na+O» L) NaOs (See Table 2-1)
Na+ O3 — NaO + Oz 1.0x10-° 95 7.3x10-10 12 50 J1

—Na02+0 <4.0x10-1 J1
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Na + N20 — NaO + N. 2.8x10-10 1600 1.3x10-%2 12 400 J2
Na + Clo —> NaCl + Cl 7.3x10-10 0 7.3x10-10 13 200 J3
NaO + 0— Na + 02 4.4x10-10 0 4.4x10-10 15 200 J4a
NaQ + O l> NaOs (See Table 2-1)
NaO + Oz — NaOz + Oz 1.1x10-° 570 1.6x10-%0 15 300 J5

—Na+202 6.0x10-1t 0 6.0x10-1 3.0 800 J5
NaO + Hz— NaOH + H 2.6x10-1 0 2.6x10-1 2.0 600 J6
NaO + H20 — NaOH + OH 4.3x10-10 500 8.0x10-1 15 200 J7
NaO + NO — Na + NO. 1.5x10-10 0 1.5x10-10 4.0 400 J8
NaO + C0, — > NaCOs (See Table 2-1)
NaO + HCl— products 2.8x10-10 0 2.8x10-10 3.0 400 J9
NaOz + 0 — NaO + Oz 2.2x10-11 0 2.2x101 5.0 600 J10
NaOz + NO — NaO + NO2 <104 Ji1
NaO2 + HCl — products 2.3x10-10 0 2.3x10-10 3.0 400 J12
NaOH + HCl— NaCl + H.0 2.8x10-10 0 2.8x10-10 3.0 400 J13
NaHCOs + H — Na + H.0 + CO2 1.4x10-1t 1000 5x10-13 20 100 Ji4
NaOH+ COz —> NaHCOs (See Table 2-1)

Shaded areas indicate changes or additions since JPL 06-2/JPL 09-31. Italicized entries

denote estimates.

@ Units are cm® molecule™ s7'.
b

temperatures, use the expression:

f(T) = f(298)exp

Note that the exponent is absolute value.
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(298 K) is the uncertainty factor at 298 K. To calculate the uncertainty at other

(l_L)
T 208




