IUPAC Task Group on Atmospheric Chemical Kinetic Data Evaluation – Data Sheet Ox_VOC5
Datasheets can be downloaded for personal use only and must not be retransmitted or disseminated either electronically or in hardcopy without explicit written permission. The citation for this data sheet is: IUPAC Task Group on Atmospheric Chemical Kinetic Data Evaluation, (http://iupac.pole-ether.fr).

This datasheet last evaluated: August 2020; last change in preferred values: June 2018

O3 + C2H4  products
Rate coefficient data
	k/cm3 molecule-1 s-1 
	Temp./K
	Reference
	Technique/ Comments

	Absolute Rate Coefficients
	
	
	

	3.3 × 10-15 exp[-(2365 ± 101)/T]
	178-233
	DeMore, 1969
	S-UVA (a)

	1.18 × 10-18
	298*
	
	

	(1.55 ± 0.15) × 10-18
	299
	Stedman et al., 1973
	S-CL/GC-FID (a)

	9.0 × 10-15 exp[-(2557 ± 167)/T]
	235-362
	Herron and Huie, 1974
	MS/MS (a)

	1.69 × 10-18
	298*
	
	

	(1.9 ± 0.1) × 10-18
	299
	Japar et al., 1974, 1976
	S-CL/GC-FID (a)

	(1.69 ± 0.13) × 10-18
	303
	Toby et al., 1976
	S-UVA (a)

	4.4 × 10-19
1.6 × 10-18
	260

294
	Adeniji et al., 1981
	S-CL/GC-FID (a)

	(1.43 ± 0.19) × 10-18
	296
	Atkinson et al., 1982
	S-CL/GC-FID (a)

	7.72 × 10-15 exp[-(2557 ± 30)/T]
	232-298
	Bahta et al., 1984
	S-UVA (a)

	(1.45 ± 0.10) × 10-18
	298
	
	

	5.1 × 10-15 exp[-(2446 ± 91)/T]
	240-324
	Treacy et al., 1992
	S-CL (a)

	(1.37 ± 0.08) × 10-18
	298
	
	

	1.44 × 10-18
	298
	Qi et al., 2006
	S-FTIR  (a)

	(1.46 ± 0.13) × 10-18
	296
	Søndergaard et al., 2007
	S-FTIR  (b)

	(1.35 ± 0.11) × 10-18
	298
	Wang et al., 2007
	S-UVA  (a)

	(1.72 ± 0.35) × 10-18
	298
	Wegener et al., 2007
	S-UVA/GC-FID  (c),(d)

	(1.45 ± 0.25) × 10-18
	298
	Alam et al., 2011
	S-UVA/FTIR (c),(e)


Comments
(a) k determined from the observed first-order rate of ozone decay (measured by the first technique shown) in the presence of known excess concentrations of ethene (measured either by the second technique shown, or with the initial concentration determined by quantified dilution of the pure gas).
(b) k determined from the observed first-order rate of ethene decay in the presence of known excess concentrations of ozone, with both reagents measured by FTIR. Cyclohexane added to scavenge HO radicals.
(c) Experiments carried out with comparable concentrations of each reagent, in the presence of an HO radical scavenger. The system was simulated using an explicit chemical mechanism, with k optimized to recreate the observed decays in the concentrations of ozone (measured by the first technique shown) and ethene (measured by the second technique shown).
(d) CO added to scavenge HO radicals.
(e) Either CO or cyclohexane added to scavenge HO radicals.
Preferred Values
	Parameter
	Value
	T/K

	
	
	

	k /cm3 molecule-1 s-1
	1.55 × 10-18
	298

	k /cm3 molecule-1 s-1
	6.82 × 10-15 exp(-2500/T)
	180-360




	Reliability
 log k
	± 0.08
	298

	(E/R 
	± 100
	180-360


Comments on Preferred Values
The absolute kinetics determinations are in generally good agreement, with consistent values of the temperature coefficient (E/R) reported in a number of studies covering a wide combined temperature range. The preferred value of E/R is a rounded average of those reported by DeMore (1969), Herron and Huie (1974), Bahta et al. (1984) and Treacy et al. (1992). The preferred 298 K rate coefficient is an average of the room temperature determinations reported in all the studies tabulated above, corrected to 298 K, where necessary, using the preferred value of E/R. Note that the 298 K value tabulated here for DeMore et al. (1969) was obtained by extrapolation from the studied temperature range, and was not included in the average.
It is well established that the reaction proceeds by initial addition of O3 to form an energy-rich “primary ozonide (POZ)” which rapidly decomposes to form an (excited) Criegee intermediate, [CH2OO]* (CI), and formaldehyde, HCHO (e.g. Johnson and Marston, 2008), as represented in the schematic shown below:
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The schematic also shows some established features of the further chemistry of [CH2OO]*, with suggested contributions of a number of product pathways at 298 K and atmospheric pressure, based on a consensus of the literature. Direct and indirect evidence for the formation of HO radicals has been reported in numerous studies (e.g. Atkinson et al., 1992; Paulson et al., 1999; Rickard et al., 1999; Mihelcic et al., 1999; Fenske et al., 2000; Kroll et al., 2001; Alam et al., 2011), with yields in the range 1222 % (preferred value, 17 ± 5 %). HO is believed to be formed mainly via an excited dioxirane intermediate, which isomerises to form “hot” formic acid, [HC(O)OH]*, before fragmenting to HO and HCO (or HO, H and CO) via reaction (1a) (Kroll et al., 2002; Johnson and Marston, 2008); although a minor contribution from direct decomposition of [CH2OO]* (via a four-membered transition state) cannot be ruled out (Calvert et al., 2000). Formation of HO2 radicals has also been reported (Mihelcic et al., 1999; Qi et al., 2006; Wegener et al., 2007; Alam et al., 2011), with yields in the range 1050 % (preferred value, ( 27 %). It can be formed from the reactions of O2 with H and HCO, which are produced in reactions (1a) and (1d). The associated chemistry in reactions (1a)-(1d) also produces CO and CO2, and the relative contributions assigned to these product pathways are consistent with reported CO and CO2 yields (e.g. Su et al., 1981; Atkinson, 1990; Thomas et al., 1993; Neeb et al., 1998).
There have been numerous determinations of the yield of the stabilized Criegee intermediate, CH2OO (sCI), mainly based on addition of scavengers (H2O, CO, HCHO, HCOOH, CF3C(O)CF3 and SO2) to the system and quantification of the associated reaction products (Su et al., 1980; Kan et al., 1981; Hatekayama et al., 1984; 1986; Horie and Moortgat, 1991; Neeb et al., 1996; 1998; Horie et al., 1999; Hasson et al., 2001; Alam et al., 2011; Newland et al., 2015; 2020). CH2OO yields in the range 3554 % have been obtained at room temperature and atmospheric pressure (preferred value, 42 ± 10 %). The yield appears to display a dependence on total pressure, with a significant fraction of stabilised CH2OO reported to be formed at low pressures (Hatekayama et al., 1986). By extrapolation of measurements made down to 13 mbar, they found the yield to be reduced by about a factor of two at zero pressure, suggesting significant ((20 %) direct formation of stabilised CH2OO (and HCHO) from the decomposition of POZ.
 Based on reported kinetic data (summarised and evaluated in datasheets CGI_1 to CGI_12), the major fate of CH2OO under tropospheric conditions is expected to be removal via bimolecular reactions, particularly with (H2O)2, as illustrated in the schematic above.

References
Adeniji, A. A., Kerr, J. A. and Williams, M. R.: Int. J. Chem. Kinet., 13, 209, 1981.
Alam, M. S., Camredon, M., Rickard, A. R., Carr, T., Wyche, K. P., Hornsby, K. E., Monks, P. S. and Bloss, W. J.: Phys. Chem. Chem. Phys., 13, 11002, 2011.
Atkinson, R.: Atmos. Environ., 24A, 1, 1990.
Atkinson, R.: J. Phys. Chem. Ref. Data, 26, 215, 1997.

Atkinson, R., Aschmann, S. M., Fitz, D. R., Winer, A. M. and Pitts Jr., J. N.: Int. J. Chem. Kinet., 14, 13, 1982.

Atkinson, R., Aschmann, S. M., Arey, J. and Shorees, B.: J. Geophys. Res., 97, 6065, 1992.

Bahta, A., Simonaitis, R. and Heicklen, J.: Int. J. Chem. Kinet., 16, 1227, 1984.

Calvert, J. G., Atkinson, R., Kerr, J. A., Madronich, S., Moortgat, G. K., Wallington, T. J. and Yarwood, G.: The mechanisms of atmospheric oxidation of the alkenes, Oxford University Press, Oxford. ISBN 0-19-513177-0, 2000.
DeMore, W. B.: Int. J. Chem. Kinet., 1, 209, 1969.

Fenske, J. D., Hasson, A. S., Paulson, S. E., Kuwata, K. T., Ho, A. and Houk, K. N.: J. Phys. Chem. A, 104, 7821, 2000.
Grosjean, E. and Grosjean, D.: Environ. Sci. Technol., 30, 2036, 1996.

Grosjean, E., de Andrade, J. B. and Grosjean, D.: Environ. Sci. Technol., 30, 975, 1996.

Hasson, A. S., Orzechowska, G. and Paulson, S. E.: J. Geophys. Res., 106, 34131, 2001.

Hatakeyama, S., Kobayashi, H. and Akimoto, H.: J. Phys. Chem., 88, 4736, 1984.

Hatakeyama, S., Kobayashi, H., Lin, Z.-Y., Takagi, H. and Akimoto, H.: J. Phys. Chem., 90, 4131, 1986.

Herron, J. T. and Huie, R. E.: J. Phys. Chem., 78, 2085, 1974.
Herron, J. T. and Huie, R. E.: J. Am. Chem. Soc., 99, 5430, 1977.

Horie, O. and Moortgat, G. K.: Atmos. Environ., 25A, 1881, 1991.

Horie, O., Schafer, C. and Moortgat, G. K.: Int. J. Chem. Kinet., 31, 261, 1999.
Japar, S. M., Wu, C. H. and Niki, H.: J. Phys. Chem., 78, 2318, 1974.

Japar, S. M., Wu, C. H. and Niki, H.: J. Phys. Chem., 80, 2057, 1976.

Johnson, D. and Marston, G.: Chem. Soc. Rev., 37, 699, 2008.

Kan, C. S., Su, F., Calvert, J. G. and Shaw, J. H.: J. Phys. Chem., 85, 2359, 1981.

Kroll, J. H., Sahay, S. R., Anderson, J. G., Demerjian, K. L. and Donahue, N. M.: J. Phys. Chem. A, 105, 4446, 2001.
Kroll, J. H., Donahue, N. M., Cee, V. J., Demerjian, K. L. and Anderson, J. G.: J. Am. Chem. Soc., 124, 8518, 2002.
Mihelcic, D., Heitlinger, M., Kley, D., Musgen P. and Volz-Thomas, A.: Chem. Phys. Lett., 301, 559, 1999.

Neeb, P., Horie, O. and Moortgat, G. K.: Int. J. Chem. Kinet., 28, 721, 1996.

Neeb, P., Horie, O. and Moortgat, G. K.: J. Phys. Chem. A, 102, 6778, 1998.
Newland, M. J., Rickard, A. R., Alam, M. S., Vereecken, L., Muñoz, A., Ródenas, M. and Bloss, W. J.: Phys. Chem. Chem. Phys., 17, 4076, 2015.
Newland, M. J., Nelson, B. S., Muñoz, A., Ródenas, M., Vera, T., Tárrega, J., and Rickard, A. R.: Phys. Chem. Chem. Phys., 22, 13698, 2020.

Niki, H., Maker, P. D., Savage, C. M. and Breitenbach, L. P.: J. Phys. Chem., 85, 1024, 1981.

Paulson, S. E., Fenske, J. D., Sen, A. D. and Callahan, T. W.: J. Phys. Chem. A, 103, 2050, 1999.

Qi, B.,Sato, K., Imarnura, T., Takami, A., Hatakeyama, S. and Ma, Y.: Chem. Phys. Lett., 427, 461, 2006.
Rickard, A. R., Johnson, D., McGill, C. D. and Marston, G.: J. Phys. Chem. A, 103, 7656, 1999.

Søndergaard, R., Nielsen, O. J., Hurley, M. D., Wallington, T. J. and Singh, R: Chem. Phys. Lett., 443, 199, 2007.
Stedman, D. H., Wu, C. H. and Niki, H.: J. Phys. Chem., 77, 2511, 1973.

Su, F., Calvert, J. G. and Shaw, J. H.: J. Phys. Chem., 84, 239, 1980.

Thomas, W., Zabel, F., Becker, K. H. and Fink, E. H.: Proceedings of the 1st European Symposium on Physico-Chemical Behaviour of Atmospheric Pollutants, Varese, Italy, 207, 1993.

Toby, F. S., Toby, S. and O'Neal, H. E.: Int. J. Chem. Kinet., 8, 25, 1976.

Treacy, J., El Hag, M., O'Farrell, D. and Sidebottom, H.: Ber. Bunsenges. Phys. Chem., 96, 422, 1992.

Wang, H. T., Zhang, Y. J. and Mu, Y. J.: J. Environ. Sci. Chi., 19, 641, 2007.

Wegener, R., Brauers, T., Koppmann, R., Bares, S. R., Rohrer, F., Tillmann, R., Wahner, A., Hansel, A. and Wisthaler, A.: J. Geophys. Res. Atmos., 112, 2007, doi: 10.1029/2006JD007531.
[image: image2.emf]1E-21

1E-20

1E-19

1E-18

1E-17

2.0 3.0 4.0 5.0 6.0

k

(cm

3

molecule

-

1

s

-

1

)

1000/T (K

-1

)

DeMore (1969) Stedman et al. (1973) Herron and Huie (1974)

Japar et al. (1974; 1976) Toby et al. (1976) Adeniji et al. (1981)

Atkinson et al. (1982) Bahta et al. (1984) Treacy et al. (1992)

Qi et al. (2006) Søndergaard et al. (2007) Wang et al. (2007)

Wegener et al. (2007) Alam et al. (2011) Recommendation


