
 
Thematic Section: Physicochemical Research. ________________________________________________ Full Paper 
Subsection: Physical Organic Chemistry.                                           Reference Object Identifier – ROI: jbc-02/18-55-8-31 

Kazan. The Republic of Tatarstan. Russia. __________ © Butlerov Communications. 2018. Vol.55. No.8. _________ 31 

Publication is available for discussion in the framework of the on-line Internet conference “Butlerov readings”. 
http://butlerov.com/readings/                  

                                                                                                                                                     Submitted on Jule 17, 2018. 
 

Experiment and computer analysis of kinetics  
in the chemiluminescence oxygen-aftereffect method 

 
© Rostislav F. Vasiliev,1 Viktoria A. Lapina,2 Valery A. Menshov,1 Vladimir V. Naumov,1 

Alexey V. Trofimov,1*+ Galina F. Fedorova,1 and Olga I. Yablonskaya1 
1 Emanuel Institute of Biochemical Physics. Russian Academy of Sciences.  

Kosygina St., 4. Moscow, 119334. Russia. Phone: +7 (495) 939-73-58. E-mail: avt_2003@mail.ru 
2 B.I. Stepanov Institute of Physics. National Academy of Sciences of the Republic of Belarus. 

Nezavisimosti Ave., 68-2. Minsk, 220072. Republic of Belarus. 
___________________________________ 
*Supervising author; +Corresponding author 

Keywords: cyclohexene, chemiluminescence, oxidation, oxygen-aftereffect method, kinetics, 
mathematical model.  

 
Abstract 

The possibilities of the chemiluminescence method of the oxygen aftereffect used for the experimental 
determination of the rate constant (kt) of the free-radical oxidation-chain termination during the 
disproportionation of hydrocarbon peroxide radicals were investigated. The model process referred to the 
oxidation of cyclohexene in the presence of an initiator. The verification of the method’s abilities was carried 
out by means of computer mathematical modeling using the kinetic scheme of the process consisting of 16 
elementary stages. It has been shown that the proposed kinetic scheme of the initiated chain free-radical 
oxidation adequately describes the process and the experimentally recorded kinetics of the cyclohexene 
chemiluminescence.  

With the help of mathematical modeling, it has been established that the application of the calculation 
formula for the oxygen aftereffect method for estimating the value of the rate constant of the oxidation-chain 
termination through the disproportionation reaction of the peroxide radicals of the hydrocarbon under 
investigation is permissible at the rate constant of the chain-propagation reaction by the initiator peroxide 
radical exceeding 1 l∙mol-1s-1. 

The value of kt = 2.8∙106 l∙mol-1s-1 experimentally acquired at 60 °C for the rate constant of the 
oxidation chain termination by the disproportionation reaction of cyclohexene peroxide radicals may be 
considered sufficiently substantiated and recommended for carrying out the kinetic calculations. 
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