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Rate coefficients for the reaction of O(1D) with the compounds included in the SPARC 
Lifetime report have received various amounts of attention.  Possible exothermic O(1D) 
reaction pathways include (1) collisional (physical) quenching of O(1D) to ground state 
oxygen atoms, O(3P), (2) abstraction or addition-elimination, and (3) reactive quenching to 
form O(3P) and products other than the reactant, including stable and radical species.  The 
figures included in this supplement contain (1) a summary of the available literature data for 
each reaction, (2) the SPARC recommendation for the overall reaction, O(1D) loss, (3) the 
reaction yield, i.e., the fraction of the overall reaction that leads to reactant loss, and (4) the 
2σ uncertainty range in the recommended reaction-rate coefficient for O(1D) loss. 
 
The uncertainties quoted herein follow the format given in the NASA/JPL1 data evaluation 
where f(T) is the 1σ estimated uncertainty in the rate coefficient, k(T) at temperature T 

 
f(298 K) is the 1σ estimated uncertainty in the room-temperature rate coefficient, k(298 K), 
and g is a parameter used to describe the possible increase in uncertainty at temperatures 
other than 298 K. 
 
The basis for the recommended rate coefficients given here is described in the footnotes of 
Table 3.2. 
 
 
Reference 
(1) Sander, S., J. Abbatt, J. R. Barker, J.  B. Burkholder, R. R. Friedl, D. M. Golden, R. 

E. Huie, C. E. Kolb, M. J. Kurylo, G. K. Moortgat, V. L. Orkin, and P. H. Wine, 
Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies, 
Evaluation Number 17, JPL Publication 10-6, Jet Propulsion Laboratory, California 
Institute of Technology, 2011. 
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20.  CH2F2 (HFC-32) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 5.1 × 10-11 exp(0/T) cm3 molecule-1 s-1 f(298 K) = 1.2 
k(298 K) = 5.1 × 10-11 cm3 molecule-1 s-1 g = 50 
 
Recommended Reactive Yield:  Reactant Loss 
0.30 ± 0.10 All parameters unchanged from JPL10-6 
 
References 
Green, R. G., and R. P. Wayne, Relative rate constants for the reactions of O(1D) atoms with 

fluorochlorocarbons and with  N2O, J. Photochem., 6, 371-374, 1976/77. 
Schmoltner, A.-M., R. K. Talukdar, R. F. Warren, A. Mellouki, L. Goldfarb, T. Gierczak, 

S. A. McKeen, and A. R. Ravishankara, J. Phys. Chem., 97, 8976-8982, 1993.  



3S2-32 Chapter 3:  Supplement 2 
 

 
SPARC Lifetimes Report (2013) – SPARC Report No. 6 

21.  CHF2CF3 (HFC-125) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 9.5 × 10-12 exp(25/T) cm3 molecule-1 s-1 f(298 K) = 1.07 
k(298 K) = 1.05 × 10-11 cm3 molecule-1 s-1 g = 0 
Revised from JPL10-6 Revised from JPL10-6 
 
Recommended Reactive Yield:  Reactant Loss 
0.70 ± 0.09 
Revised from JPL10-6 
 
References 
Baasandorj, M., E. L. Fleming, C. H. Jackman, and J. B. Burkholder, O(1D) kinetic study of 

key ozone depleting substances and greenhouse gases, J. Phys. Chem. A, 
dx.doi.org/10.1021/jp310910f, 2013. 

Green, R. G., and R. P. Wayne, Relative rate constants for the reactions of O(1D) atoms with 
fluorochlorocarbons and with  N2O, J. Photochem., 6, 371-374, 1976/77. 
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Kono, M., and Y. Matsumi, Reaction processes of O(1D) with fluoroethane compounds, J. 
Phys. Chem., 105, 65 -69, 2001. 

Warren, R., T. Gierczak, and A. R. Ravishankara, A study of O(1D) reactions with CFC 
substitutes, Chem. Phys. Lett., 183, 403-409, 1991. 
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22.  CH2FCF3 (HFC-134a) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 4.9 × 10-11 exp(0/T) cm3 molecule-1 s-1 f(298 K) = 1.15 
k(298 K) = 4.9 × 10-11 cm3 molecule-1 s-1 g = 50 
Recommended Reactive Yield:  Reactant Loss 
0.35 ± 0.06 All parameters unchanged from JPL10-6 
References 
Kono, M., and Y. Matsumi, Reaction processes of O(1D) with fluoroethane compounds, J. 

Phys. Chem., 105, 65-69, 2001. 

Warren, R., T. Gierczak, and A. R. Ravishankara, A study of O(1D) reactions with CFC 
substitutes, Chem. Phys. Lett., 183, 403-409, 1991. 
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23.  CH3CF3 (HFC-143a) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 5.6 × 10-11 exp(20/T) cm3 molecule-1 s-1 f(298 K) = 1.2 
k(298 K) = 6.0 × 10-11 cm3 molecule-1 s-1 g = 0 
Revised from JPL10-6 Revised from JPL10-6 
Recommended Reactive Yield:  Reactant Loss 
0.80 ± 0.20 
Revised from JPL10-6 
References 
Baasandorj, M., E. L. Fleming, C. H. Jackman, and J. B. Burkholder, O(1D) kinetic study of 

key ozone depleting substances and greenhouse gases, J. Phys. Chem. A, 
dx.doi.org/10.1021/jp310910f, 2013. 

Green, R. G., and R. P. Wayne, Relative rate constants for the reactions of O(1D) atoms with 
fluorochlorocarbons and with  N2O, J. Photochem., 6, 371-374, 1976/77. 

Kono, M., and Y. Matsumi, Reaction processes of O(1D) with fluoroethane compounds, J. 
Phys. Chem., 105, 65-69, 2001.  
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24.  CH3CHF2 (HFC-152a) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 1.75 × 10-10 exp(0/T) cm3 molecule-1 s-1 f(298 K) = 1.2 
k(298 K) = 1.75 × 10-10 cm3 molecule-1 s-1 g = 50 
 
Recommended Reactive Yield:  Reactant Loss 
0.55 ± 0.20 All parameters unchanged from JPL10-6 

References 
Kono, M., and Y. Matsumi, Reaction processes of O(1D) with fluoroethane compounds, J. 

Phys. Chem., 105, 65-69, 2001. 
Warren, R., T. Gierczak, and A. R. Ravishankara, A study of O(1D) reactions with CFC 

substitutes, Chem. Phys. Lett., 183, 403-409, 1991. 
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25.  CF3CHFCF3 (HFC-227ea) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 7.9 × 10-12 exp(70/T) cm3 molecule-1 s-1 f(298 K) = 1.1 
k(298 K) = 1.0 × 10-11 cm3 molecule-1 s-1 g = 0 
 
Recommended Reactive Yield:  Reactant Loss 
0.72 ± 0.07 
Not evaluated in JPL10-6 
Reference 
Baasandorj, M., E. L. Fleming, C. H. Jackman, and J. B. Burkholder, O(1D) kinetic study of 

key ozone depleting substances and greenhouse gases, J. Phys. Chem. A, 
dx.doi.org/10.1021/jp310910f, 2013. 
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26.  CHF2CH2CF3 (HFC-245fa) 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 1.5 × 10-10 exp(0/T) cm3 molecule-1 s-1 f(298 K) = 1.3 
k(298 K) = 1.5 × 10-10 cm3 molecule-1 s-1 g = 0 
 
Recommended Reactive Yield:  Reactant Loss 
0.5 
Parameters estimated 
Not evaluated in JPL10-6 
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27.  NF3 

 
 
Recommended Rate Coefficient:  O(1D) Loss Recommended Uncertainty Factors 
k(T) = 2.0 × 10-11 exp(44/T) cm3 molecule-1 s-1 f(298 K) = 1.1 
k(298 K) = 2.3 × 10-11 cm3 molecule-1 s-1 g = 0 
Revised from JPL 10-6 

Recommended Reactive Yield:  Reactant Loss 
0.93 (+0.07/-0.21) 
Revised from JPL 10-6 
 
References 
Baasandorj, M., B. D. Hall, and J. B. Burkholder, Rate coefficients for the reaction of O(1D) 

with the atmospherically long-lived greenhouse gases NF3, SF5CF3, CHF3, C2F6, c-
C4F8, n-C5F12, and n-C6F14, Atmos. Chem. Phys., 12, 11753-11764, 2012. 

Dillon, T. J., L. Vereecken, A. Horowitz, V. Khamaganov, J. N. Crowley, and J. Lelieveld, 
Removal of the potent greenhouse gas NF3 by reactions with the atmospheric oxidants 
O(1D), OH and O3, Phys. Chem. Chem. Phys., 13, 18600-18608, 2011. 
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Sorokin, V. I., N. P. Gristan, and A. I. Chichinin, Collisions of O(1D) with HF, F2, XeF2, NF3, 
and CF4:  Deactivation and reaction, J. Chem. Phys., 108, 8995-9003, 1998. 

Zhao, Z., P. L. Laine, J. M. Nicovich, and P. H. Wine, Reactive and non-reactive quenching 
of O(1D) by the potent greenhouse gases SO2F2, NF3, and SF5CF3, Proc. Nat. Acd. 
Sci., 107, 6610-6615, 2010. 

 


