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Abstract: The data available today in the literature on the kinetics of chain initiation reactions involving
electronically excited singlet delta oxygen O2(a1–g) and molecules of the simplest hydrocarbons (CH4, C2H6,
C2H4, and C2H2) have been analyzed. Based on the literature data and theoretical estimates carried out, the most
probable reaction products have been identified for all the considered processes, and the corresponding Arrhenius
approximations of the rate constants have been recommended with the aim of including them into the detailed
kinetic mechanisms describing the effect of a nonequilibrium discharge plasma on combustion.

Keywords: singlet oxygen; simplest hydrocarbons; reaction kinetics; plasma-assisted combustion

DOI: 10.30826/CE19120101

Acknowledgments

This work was supported by the Russian Foundation for Basic Research (projects Nos. 17-01-00810 and 17-08-
01423).

References

1. Starikovskiy, A., and N. Aleksandrov. 2013. Plasma-
assisted ignition and combustion. Prog. Energ. Combust.

39:61–110.

2. Ju, Y., J. K. Lefkowitz, C. B. Reuter, S. H. Won, X. Yang,
S. Yang, W. Sun, Z. Jiang, and Q. Chen. 2016. Plas-
ma assisted low temperature combustion. Plasma Chem.

Plasma P. 36:85–105.

3. Starik, A. M., B. I. Loukhovitski., A. S. Sharipov, and
N. S. Titova. 2015. Physics and chemistry of the influence
of excited molecules on combustion enhancement. Philos.

T. Roy. Soc. A 373:20140341.

4. Lu, X., G. V. Naidis, M. Laroussi, S. Reuter, D. B. Graves,
and K. Ostrikov. 2016. Reactive species in non-equilibrium
atmospheric-pressure plasmas: Generation, transport,
and biological effects. Phys. Rep. 630:1–84.

5. Smirnov, V. V., O. M. Stelmakh, V. I. Fabelinsky,
D. N. Kozlov, A. M. Starik, and N. S. Titova. 2008. On
the influence of electronically excited oxygen molecules
on combustion of hydrogen–oxygen mixture. J. Phys. D

Appl. Phys. 41:192001.

6. Vagin, N. P., I. V. Kochetov, A. P. Napartovich, and
N. N. Yuryshev. 2016. Acceleration of methane–oxygen
mixture ignition by adding singlet oxygen produced in
a chemical generator. B. Lebedev Phys. Inst. 43:211–216.

7. Starik, A. M., A. V. Pelevkin, and N. S. Titova. 2017. Mod-
eling study of the acceleration of ignition in ethane–air
and natural gas – air mixtures via photochemical excita-
tion of oxygen molecules. Combust. Flame 176:81–93.

8. Bulat, M. P., P. V. Bulat, P. V. Denissenko, I. I. Esakov.,
L. P. Grachev, K. N. Volkov, and I. A. Volobuev. 2018.
Ignition of lean and stoichiometric air–propane mixture

with a subcritical microwave streamer discharge. Acta As-

tronaut. 150:153–161.

9. Titova, N. S., S. A. Torokhov, and A. M. Starik. 2012.
Modelirovanie okisleniya benzola v vozdukhe na osnove
detal’nogo reaktsionnogo mekhanizma [Modeling of ben-
zene oxidation in air based on a detailed reaction mecha-
nism]. Goren. Vzryv (Mosk.) — Combustion and Explosion

5:40–45.

10. Starik, A., and A. Sharipov. 2011. Theoretical analysis
of reaction kinetics with singlet oxygen molecules. Phys.

Chem. Chem. Phys. 13:16424–16436.

11. Al-Nu’airat, J., M. Altarawneh, I. Oluwoye, X. Gao, and
B. Z. Dlugogorski. 2018. Role of singlet oxygen in combus-
tion initiation of aromatic fuels. Energ. Fuel. 32:12851–
12860.

12. Herron, J. T., and D. S. Green. 2001. Chemical kinetics
database and predictive schemes for nonthermal humid
air plasma chemistry. Part II. Neutral species reactions.
Plasma Chem. Plasma P. 21:459–481.

13. Losev, S. A., and V. N. Yarygina. 2009. Electronic energy
exchange in high-temperature air. Russ. J. Phys. Chem. B

3:641–645.

14. Mayer, S. W., and L. Schieler. 1968. Activation energies
and rate constants computed for reactions of oxygen with
hydrocarbons. J. Phys. Chem. US 72:2628–2631.

15. Zhu, R., and M. C. Lin. 2001. TheCH3 +HO2 reaction:
First-principles prediction of its rate constant and product
branching probabilities. J. Phys. Chem. A 105:6243–6248.

16. Jasper, A. W., S. J. Klippenstein, and L. B. Harding. 2009.
Theoretical rate coefficients for the reaction of methyl
radical with hydroperoxyl radical and for methylhydroper-
oxide decomposition. P. Combust. Inst. 32:279–286.

17. Sharipov, A. S., and A. V. Pelevkin. 2018 (in press). Reac-
tion kinetics of CO and CH4 molecules with O2 in excit-

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 1



On the reactivity of singlet delta oxygen with respect to the simplest hydrocarbons

ed electronic states: Quantum chemical study. Nonequi-

librium processes. Eds. S. M. Frolov and A. I. Lanshin.
Moscow: TORUS PRESS. Vol. 1.

18. Sharipov, A. S., and A. M. Starik. 2012. Theoretical study
of the reaction of ethane with oxygen molecules in the
ground triplet and singlet delta states. J. Phys. Chem. A

116:8444–8454.
19. Starik, A. M., P. S. Kuleshov, and N. S. Titova. 2009. Com-

prehensive analysis of combustion initiation in methane–
air mixture by resonance laser radiation. J. Phys. D Appl.

Phys. 42:175503. 18 p.
20. Park, K., A. West, E. Raheja, B. Sellner, H. Lischka,

T. L. Windus, and W. L. Hase. 2010. Singlet and triplet
potential surfaces for the O2 + C2H4 reaction. J. Chem.

Phys. US 133:184306.
21. Laskin, A., and H. Wang. 1999. On initiation reactions

of acetylene oxidation in shock tubes: A quantum me-
chanical and kinetic modeling study. Chem. Phys. Lett.

303(1-2):43–49.
22. Starik, A. M., and N. S. Titova. 2003. Kinetics of detona-

tion initiation in the supersonic flow of the H2 + O2(air)
mixture in O2 molecule excitation by resonance laser
radiation. Kinet. Catal. 44:28–39.

23. De Vico, L., Y._J. Liu, J. W. Krogh, and R. Lindh. 2007.
Chemiluminescence of 1,2-dioxetane. Reaction mecha-
nism uncovered. J. Phys. Chem. A 111:8013–8019.

24. Yoshioka, Y., T. Tsunesada, K. Yamaguchi, and I. Saito.
1997. CASSCF, MP2, and CASMP2 studies on addition

reaction of singlet molecular oxygen to ethylene molecule.
Int. J. Quantum Chem. 65:787–801.

25. Maranzana, A., G. Ghigo, and G. Tonachini. 2000. Di-
radical and peroxirane pathways in the [π2+π2] cycload-
dition reactions of 1–g dioxygen with ethene, methyl
vinyl ether, and butadiene: A density functional and mul-
tireference perturbation theory study. J. Am. Chem. Soc.

122(7):1414–1423.

26. Ombrello, T., and N. Popov. 2015. Mechanisms of
ethylene flame propagation enhancement by O2(a1–g).
AerospaceLab 10:AL10-07. 6 p.

27. Sharipov, A., N. Titova, and A. Starik. 2011. Kinetics of
Al + H2O reaction: Theoretical study. J. Phys. Chem. A

115:4476–4481.

28. Sharipov, A. S., B. I. Loukhovitski, C.-J. Tsai, and
A. M. Starik. 2014. Theoretical evaluation of diffusion
coefficients of (Al2O3)n clusters in different bath gases.
Eur. Phys. J. D 68:99.

29. Kondratiev, V. N., E. E. Nikitin, A. I. Reznikov, and
S. Y. Umansky. 1976. Termicheskie bimolekulyarnye reak-

tsii v gazakh [Thermally induced bimolecluar gas phase
reactions]. Moscow: Nauka. 192 p.

30. Bilera, I. V., Y. A. Borisov, and Y. A. Kolbanovskii. 2015.
Nachal’nye stadii piroliza atsetilena. Obrazovanie vinil-
atsetilena [Initial stages of acetylene pyrolysis. Formation
of vinylacetylene]. Goren. Vzryv (Mosk.) — Combustion

and Explosion 8(1):5–11.

Received January 14, 2019

Contributors

Sharipov Alexander S. (b. 1986) — Candidate of Science in physics and mathematics, senior research scientist,
P. I. Baranov Central Institute of Aviation Motors, 2 Aviamotornaya Str., Moscow 111116, Russian Federation;
sharipov@ciam.ru

Pelevkin Alexey V. (b. 1993) — engineer, P. I. Baranov Central Institute of Aviation Motors, 2 Aviamotornaya Str.,
Moscow 111116, Russian Federation; pelevkin@phystech.edu

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 1




