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Rate coefficients for the reaction of the Cl atom with the compounds included in the SPARC
Lifetime report have received various amounts of attention. The table and figures included in
this supplement contain (1) a summary of the available literature data, (2) the SPARC
recommendation for the Cl reaction-rate coefficient and the basis of the recommendation, and
(3) the uncertainty range in the recommended reaction-rate coefficient.

The uncertainties quoted herein follow the format given in the NASA/JPL' data evaluation
where the uncertainty factor f{T) corresponds to the 1o estimated uncertainty in the rate
coefficient, &(T) at temperature T

F(T) = (298 K) exp(‘g(% : ﬁ)‘)

with the f(298 K) factor corresponding to the 10 estimated uncertainty in the room-
temperature rate coefficient, £(298 K), and g is a parameter used to describe the possible
increase in uncertainty at temperatures other than 298 K. The uncertainty factor
corresponding to the 20 estimated uncertainty at any temperature is calculated as the square

of AT), i.e., AT).
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Table 3.3. Reaction-rate coefficients and estimated uncertainties for the Cl + compound gas-phase reactions.*
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Compound (Ii}cl)ii;clzl g:;zegli[; :‘ A% ](EI/:; k(298 K) * (298 K) g Footnotes
1. CFC-11 CCLF - 100 8960 <8.7 (-24) - - 1
2.CFC-12 CClLLF, - 100 11100 <5.2(-27) - - 1
3. CFC-113 CCLFCCIF, - 100 >5480 <1.0 (-18) - - 2
4. CFC-114 CCIF,CCIF, - 100 >5480 <1.0 (-18) - - 2
5. CFC-115 CF;CCIF, - 100 >5480 <1.0 (-18) - - 2
6. Carbon Tetrachloride  CCly - 100 5480 <1.0 (-18) - - 1
7. Nitrous oxide N,O - - - <1(-17) 3
8. Halon-1202 CBn,F, - 100 9320 <2.6 (-24) - - l,a
9. Halon-1211 CBrCIF, - 100 6280 <7.1(-20) - - 1
10. Halon-1301 CBrF; - 100 9290 <2.9 (-24) - - 1
11. Halon-2402 CBrF,CBrF, - 100 9320 <2.6 (-24) - - l,a
12. Methane CH,4 181 — 300 7.3 1280 1.0 (-13) 1.05 50 3
13. Methyl Chloroform  CH3CCl; 253 - 418 2.86 1716 9.03 (-15) 1.10 100 4,5,b
14. Methyl Chloride CH;C1 222 - 300 19 1100 4.80 (-13) 1.07 50 4,5,c
15. Methyl Bromide CH;Br 213 - 300 14 1030 4.40 (-13) 1.05 50 3
16. HCFC-22 CHCIF, 298 — 430 5.57 2430 1.60 (-15) 1.08 100 3,5
17. HCFC-141b CH;CCIL,F 295 —-429 2.76 2140 2.10 (-15) 1.10 200 4,5,d
18. HCFC-142b CH;CCIF, 295 —-429 1.40 2420 4.10 (-16) 1.08 200 4,5
19. HFC-23 CHF; - - - <5.0 (-16) - - 3
20. HFC-32 CH,F, 253 -318 6.93 1590 3.34 (-14) 1.08 100 4,5.f
21. HFC-125 CHF,CF; 298 1.8 2600 3.0 (-16) 1.25 300 3,5
22. HFC-134a CH,FCF; 253 -300 0.98 1953 1.40 (-15) 1.10 200 4,2
23. HFC-143a CF;CH; 281 — 368 9.7 3760 3.20 (-17) 2 300 4,5,h
24. HFC-152a CH;CHF, 264 — 360 6.3 965 2.5(-13) 1.10 100 4,
25. HFC-227ea CF;CHFCF; 298 2.7 2600 4.39 (-16) 1.30 300 j
26. HFC-245fa CHF,CH,CF; 298 2.1 1700 6.90 (-15) 1.30 300 k
27. Nitrogen Trifluoride =~ NF; - 100 13200 <1(-29) - - Ll
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Footnotes

Estimated values are given in italics; 4 is in units of 10™'* cm® molecule™ s™; &(298 K) is
in units of cm’ molecule™ s and (-xx) represents x 10™; k(T) = 4 exp(-E/RT).
Temperature range of available experimental data considered in the evaluation of the
reaction-rate coefficient parameters and uncertainty limits.

No experimental data available for this reaction. The reaction was not evaluated in
JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10™'° cm® molecule” s and equating the activation energy (E) to the
reaction endothermicity using the thermochemical parameters reported in JPL10-6 and
IUPAC.

The recommended kinetic parameters are taken to equal to those for the Cl + CCly

reaction.

A and E/R recommendation is unchanged from JPL10-6.

A and E/R recommendation is revised from JPL10-6.

(298 K) and/or g is revised from JPL10-6.

a The rate-coefficient upper limit was estimated with £ = 77.5 kJ mol™', which was
obtained from an average of the values for the reaction of CI with CH3Br (77.8 kJ
mol™") and CF;Br (77.2 kJ mol™).

b The recommended (298 K) was obtained from an average of the results from the
relative-rate studies of Platz et al. (1995) and Nilsson et al. (2009) and the absolute-
rate study of Talhaoui et al. (1996). The rate-coefficient temperature dependence was
obtained from a fit of the data from Talhaoui ef al. (1996) and Nilsson et al. (2009)
after scaling to the recommended (298 K) value.

¢ The recommended k(298 K) is an average of the results from Manning and Kurylo
(1977), Wallington et al. (1990), Beichert et al. (1995), Orlando (1999), and Bryukov et
al. (2002). The rate-coefficient temperature dependence was obtained from a fit of the
data from Manning and Kurylo (1977), Wallington et al. (1990), Beichert et al. (1995),
Orlando (1999), Bryukov et al. (2002), and Sarzynski et al. (2009) for temperatures
<300 K.

d The recommended k(298 K) is an average of the results from Wallington and Hurley
(1992), Tuazon et al., (1992), Warren and Ravishankara (1993), and Talhaoui et al.
(1996). The rate-coefficient temperature dependence is based on a fit of the results from
the studies of Warren and Ravishankara (<350 K) and Talhaoui et al. after scaling to
the recommended 4(298 K) value.

e The recommended k(298 K) is an average of the results from Wallington and Hurley
(1992), Tuazon et al. (1992), and Talhaoui et al. (1996). The rate-coefficient
temperature dependence was taken from Talhaoui ef al. (1996), which is the only
available temperature-dependent study.

f The recommended A(298 K) is an average of the results from Nielsen et al. (1992) and
Nilsson et al. (2009). The rate-coefficient temperature dependence was obtained from a
fit of the data from Nielsen et al. (1992) and Nilsson et al. (2009) for temperatures <300
K after scaling to the recommended 4(298 K) value.
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The recommended 4(298 K) is an average of the data from Louis et al. (1997),
Wallington and Hurley (1992), Tuazon et al. (1992), Kaiser (1993), and Nilsson et al.
(2009). The rate-coefficient temperature dependence was obtained by fitting the T
<300 K data from Louis et al. (1997), Kaiser (1993), and Nilsson et al. (2009) after
scaling to match the recommended (298 K) value.
The recommended (298 K) is an average of the results from the Tschuikow-Roux et al.
(1985) and Nielsen et al. (1994) relative-rate studies. The rate-coefficient temperature
dependence is based on the work of Tschuikow-Roux et al. (1985) combined with the
rate expression for the Cl + CH,4 reaction recommended in this report.
The recommended 4 and E/R values are for the total rate coefficient, i.e., loss of HFC-
152a. The recommended (298 K) was obtained from an average of one absolute-rate
and four relative-rate studies, which are in good agreement. The temperature
dependence was taken from Yano and Tschuikow-Roux (1986) where the site-specific
rate coefficients are given as
Cl+ CH;CHF, — HCIl+ CH3CFy; k&(T) = 6.3 x 1072 exp(-965/T) cm® molecule™ s™
Cl + CH;CHF, — HCIl + CH,CHF; K(T) = 7.0 x 102 exp(-2400/T) cm’® molecule™
-1
]
The recommended 4(298 K) is the average of the relative-rate determinations by
Maogelberg et al. (1996) and E/R was estimated by comparison with compounds having
similar reactivity at 298 K (e.g., HFC-125). The reaction was not evaluated in JPL10-6.
The recommended k(298 K) was taken from Chen ef al. (1997) and E/R was estimated
by comparison with compounds having similar reactivity at 298 K (e.g., CH3CCl3). The
reaction was not evaluated in JPL10-6.
F atom abstraction from NF;3 by Cl is slightly exothermic (Gurvich et al., 1989), ca. -
11 kJ mol’. A G3B3 quantum chemical method (Curtiss ef al., 2001) calculation
predicts an activation barrier (E/R) of ~110 kJ mol™ for this reaction. Assuming a
pre-exponential factor (4) of 1 x 10"° cm® molecule” s™' and this activation barrier
provides the bases of the recommendation.
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1. CFCl; (CFC-11)

Recommended Rate Coefficient
k(T) <I x 107" exp(-8960/T) cm’® molecule™ s™
k(298 K) <8.7 x 10** cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10" cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy () to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.

2. CF,Cl, (CFC-12)

Recommended Rate Coefficient
k(T) <I x 10™"° exp(-11100/T) cm’ molecule™ s
k(298 K) <5.2 x 10%" cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10" cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy (E) to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.

3. CCLFCCIF, (CFC-113)

Recommended Rate Coefficient
k(T) <I x 10" exp(-5480/T) cm® molecule™ s™
k(298 K) <1.0 x 107"® cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated

in JPL10-6. The recommended rate coefficient Arrhenius parameters are taken to be equal to
those for the Cl + CCly reaction.
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4. CCIF,CCIF, (CFC-114)

Recommended Rate Coefficient
k(T) <I x 10" exp(-5480/T) cm® molecule™ s™
k(298 K) <1.0 x 10" cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommended rate coefficient Arrhenius parameters are taken to be equal to
those for the Cl + CCl, reaction.

5. CF;CCIF, (CFC-115)

Recommended Rate Coefficient
k(T) <I x 107" exp(-5480/T) cm® molecule™ s™
k(298 K) <1.0 x 10"® cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommended rate coefficient Arrhenius parameters are taken to be equal to
those for the Cl + CCl, reaction.

6. CCl, (Carbon Tetrachloride)

Recommended Rate Coefficient
k(T) <I x 10" exp(-5480/T) cm’® molecule™ s™
k(298 K) <1.0 x 10"® cm® molecule™ s™

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10" cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy () to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.

7. N,O (Nitrous oxide)

Recommended Rate Coefficient
k(298 K) <1.0 x 10" cm® molecule™ s

The recommendation is unchanged from JPL10-6.
The rate coefficient was been determined in a single high temperature, ~1000 K, study.

The largest reported value was 10”'7 cm® molecule ™' s™' with an activation energy of 142 kJ
mol ™.
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8. CBn,F, (Halon-1202)

Recommended Rate Coefficient
k(T) <I x 107" exp(-9320/T) cm’® molecule™ s™
k(298 K) <2.6 x 10** cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10" cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy () to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.

9. CBrCIF, (Halon-1211)

Recommended Rate Coefficient
k(T) <I x 10" exp(-6280/T) cm’® molecule™ s™
k(298 K) <7.1 x 10 cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10" cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy () to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.

10. CBrF; (Halon-1301)

Recommended Rate Coefficient
k(T) <I x 107" exp(-9290/T) cm’® molecule™ s™
k(298 K) <2.9 x 10** cm® molecule™ s

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10™'° cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy () to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.
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11. CBrF,CBrF, (Halon-2402)

Recommended Rate Coefficient
k(T) <I x 107" exp(-9320/T) cm’® molecule™ s™
k(298 K) <2.6 x 10** cm® molecule™ s™

No experimental data are available for this reaction and the reaction was not evaluated
in JPL10-6. The recommendation given here was obtained by setting the pre-exponential
factor (4) to 1 x 10" cm® molecule™ s™'; this is a conservative upper limit based on the range
of A4 factors found for Cl + halocarbon reactions (values are typically in the range (0.1-2.0) x
10" em® molecule™ s™), and equating the activation energy () to the reaction endothermicity
calculated using the thermochemical parameters reported in the JPL10-6 and ITUPAC data
evaluations.
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12. CH,4 (Methane)
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For clarity, not all available data are plotted (see JPL-10-6)
Recommended Rate Coefficient Recommended Uncertainty Factors
k(T)=7.3 x 107"% exp(-1280/T) cm’ molecule™ s A(298) = 1.05
k(298 K) = 1.0 x 10" cm’ molecule™ s™ g=50

k(298), A, and E/R recommendation are unchanged from JPL10-6.
(298 K) and g are unchanged from JPL10-6.
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13. CH;CCl;

A\ L ~ A Platz et al. (1995)
n L N @ Talhaoui et al. (1996)
\ L N — == Cillien et al. (1967)
[0} N + -+ Tschuikow-Roux et al. (1985)
=] r . \'\ = SPARC Recommendation
(&) N B Nilsson et al. (2009)
QL ° h
o
E r ®
[ap]
e o H
LDO 10 - A
— L
| g
O
o L
IO")
¢ Cl + CH,CCI,
S L
~< C | | | | |
2,0 25 3,0 3,5 4,0 4,5 5,0
1000/T (K™
Recommended Rate Coefficient Recommended Uncertainty Factors
k(T)=2.86 x 10™"? exp(-1716/T) cm® molecule™ s*  f(298) =1.10
k(298 K) =9.03 x 10™"° cm® molecule™ s™ g=100

k(298), A, and E/R recommendations are revised from JPL10-6.
(298 K) and g are revised from JPL10-6.
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14. CH;Cl1
100 .
L \ — —  Clyne and Walker (1973)
‘Tw BN \ W Beichert et al. (1995)
F < Bryukov et al. (2002)
) % \ [ Wallington et al. (1990)
2 A Sarzynski et al. (2009)
> ¢ \ SPARC Recommendation
(@) \ [ ] Manning and Kurylo (1977)
9 A0 \ * Orlando (1999)
(@)
£ . \
© \
& <& \
(&} A
o 10 - o\
o
-—
=
@)
™
I
@)
.l
o Cl + CH,CI
N
4
1 | | | | | | |

10 15 20 25 30 35 40 45 50

1000/T (K™
Recommended Rate Coefficient Recommended Uncertainty Factors
k(T)=1.9 x 10" exp(-1100/T) cm’ molecule™ s A298)=1.07
k(298 K) =4.8 x 10" cm’ molecule™ s™ g=50

k(298), A, and E/R recommendations are revised from JPL10-6.
(298 K) and g are unchanged from JPL10-6.
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15. CH3BI‘
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k(298), A, and E/R recommendations unchanged from JPL10-6.
(298 K) and g are unchanged from JPL10-6.
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16. HCFC-22 (CHCIF,)
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k(298), A, and E/R recommendations are unchanged from JPL10-6.
(298 K) and g are revised from JPL10-6.
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17. HCFC-141b (CH,CFCL,)
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A and E/R recommendations are revised from JPL10-6.
(298 K) is revised and g is unchanged from JPL10-6.
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18. HCFC-142b (CH,CCIF,)

« 100 ¢
‘v L o A Jourdain et al. (1977)
~ % Sawerysyn et al. (1992)
Q @ Tuazon et al. (1992)
5 ® @® Talhaoui et al. (1996)
O = SPARC Recommendation
o L @ Wallington and Hurley (1992)
o .
£ oo0p .
5 | §
©
)
6(\1 1
L i
O(')
I
Q
O Cl + CH,CF,CI
E’ 0’1 | | | | |
2,0 2,5 3,0 3,5 4,0 4,5 5,0
1000/T (K™
Recommended Rate Coefficient Recommended Uncertainty Factors
k(T) = 1.40 x 10™"? exp(-2420/T) cm’® molecule s*  f{298) = 1.08
k(298 K) =4.10 x 107" cm® molecule™ s™ g=200

k(298), A, and E/R recommendations are revised from JPL10-6.
f(298 K) is revised and g is unchanged from JPL10-6.
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19. CHF; (HFC-23)
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Recommendation is unchanged from JPL10-6.
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20. HFC-32 (CH,F,)
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k(298), A, and E/R recommendations are revised from JPL10-6.
(298 K) and g are revised from JPL10-6.
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21. HFC-125 (CHF,CF3)
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k(298), A, and E/R recommendations are unchanged from JPL10-6.
f(298 K) is revised and g is unchanged from JPL10-6.
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22. HFC-134a (CH,FCF;)
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k(298), A, and E/R recommendations are revised from JPL10-6.
(298 K) and g are unchanged from JPL10-6.
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23. HFC-143a (CH;CF3)
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k(298), A, and E/R recommendations are revised from JPL10-6.
f(298 K) is revised and g is unchanged from JPL10-6.
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24. HFC-152a (CH;CHF,)
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k(298 K) = 2.5 x 10" cm’ molecule™ s™ g=100

k(298), A, and E/R recommendations are revised from JPL10-6.
(298 K) and g are unchanged from JPL10-6.
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25. HFC-227ea (CF;CHFCF;)

= SPARC Recommendation
® Mggelberg et al. (1996)

-
o
T

Cl + CF,CHFCF,

o
-
|

k(CI+CF,CHFCF,), 107 cm® molecule™ s™
[

2,0 2,5 3,0 3,5 4,0 4,5 5,0
1000/T (K)
Recommended Rate Coefficient Recommended Uncertainty Factors
k(T) = 2.7 x 107% exp(-2600/T) cm® molecule™ s*  /298) = 1.30
k(298 K) = 4.39 x 107" cm® molecule™ s™ g=300

The reaction was not evaluated in JPL10-6.
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26. HFC-245fa (CHF,CH,CF;)

= SPARC Recommendation
@® Chenetal. (1997)

—_
o

|Cl + CHF,,CH,CF,

| | | |
2,5 3,0 3,5 4,0 4,5 5,0

1000/T (K™

o
—

k(CI+CHF,CH,CF,), 10" cm® molecule™ s™
I

N
o

Recommended Rate Coefficient Recommended Uncertainty Factors
k(T)=2.1 x 107"% exp(-1700/T) cm® molecule™ s*  /298) =1.30
k(298 K) = 6.90 x 10™"° cm® molecule™ s™ 2 =300

The reaction was not evaluated in JPL10-6.
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27. NF;

Recommended Rate Coefficient
k(T) <I x 10™"° exp(-13200/T) cm’ molecule™ s™
k(298 K) <1 x 10 cm® molecule™ s

No experimental data are available for this reaction.
The reaction was not evaluated in JPL10-6.'

F atom abstraction from NF; by Cl atom is slightly exothermic (Gurvich et al., 1989),
ca. -11 kJ mol”. A G3B3 quantum chemical method (Curtiss et al., 2001) calculation yields
a similar exothermicity for this reaction, -8.5 kJ mol™. Hence, E/R can’t simply be estimated
from the reaction thermochemistry. A G3B3 quantum chemical method calculation of the
reaction activation barrier (E/R) yields a value of ~110 kJ mol”'. Assuming a pre-exponential
factor of 1 x 107" cm® molecule™ s™' and the calculated activation barrier provides the basis
of the recommendation.
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