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Abstract 
In the present work on the example the radical-chain inhibited organic compound oxidation are shown 

methods for finding quantitative parameters characterizing the antioxidant. These parameters are the reaction rate 
constant of the peroxyl radical with the inhibitor (k7) and the stoichiometric inhibition factor (f). Examples are 
given the mathematical analysis of the experimental kinetic oxygen absorption curve obtained during the initiated 
radical chain oxidation of 1,4-dioxane. To determine the rate constant (k7) of the peroxyl radical with the inhibitor 
molecule were used following methods: experimental (semi-logarithmic method the kinetic curve processing, 
method kinetic curve transformation, determining the effective reaction rate constant of the peroxyl radical with 
the inhibitor on the initial oxidation rate) and theoretically using the intersecting-parabolas method.  

The important inhibitor characteristic is the stoichiometric inhibition factor (f). The parameter is numerically 
equal to the number of peroxyl radicals interacting with one inhibitor molecule. To determine f, it is necessary to 
measure the induction period and use the equation f = Wi/[InH]. Here τ is the induction period. To determine τ can 
be applied the method of tangents to the kinetic curve. It is often difficult to determine the initial rate of inhibited 
oxidation. In this case, for measuring τ it is suitable to use the integral method, as well as graphical method, when τ 
is the point of intersection of two tangents, 0.5 and 0.75 to the slope angle of the oxygen absorptio kinetic after 
inhibited oxidation. Also, the assessment of f can be carried out using the method kinetic curve transformation. 

The article shows that the methods for determining k7) and τ are in good agreement with each other. 
 
 
References 
[1] L.R. Yakupova, R.A. Sakhautdinova, E.Yu. Pankrat’ev, R.L. Safiullin. Inhibiting effect of 5-amino-5-

methyluracil and its derivatives on the free-radical oxidation of 1,4-dioxane. Kinet. Catal. 2012. Vol.53. 
No.6. P.665-672. (russian) 

[2] L.R. Yakupova, A.V. Ivanova, R.L. Safiullin, A.R. Gimadieva, Yu.N. Chernyshenko, A.G. Mustafin, I.B. 
Abdrakhmanov. Inhibiting effect of 6-methyluracil derivatives on the free-radical oxidation of 1,4-
dioxane. Russ. Chem. Bull. 2010. Vol.59. No.3. P.517-523. (russian) 

[3] R.A. Sahautdinova, L.R. Yakupova, I.M. Borisov, and R.L. Safiullin. Inhibitory effect of 5-amine-6-
methyluracil on 1,4-dioxane free-radical oxidation. Butlerov Communications. 2011. Vol.25. No.6. P.102-
104. ROI: jbc-02/11-25-6-102 

[4] L.R. Yakupova, V.R. Khairullina, R.L. Safiullin, A.Ya. Gerchikov, G.R. Baimuratova. Kinetics of the 
liquid-phase oxidation of 1,4-dioxane in the presence of inhibitors. Kinet. Catal. 2008. Vol.49. No.3. 
P.366-370. (russian) 

[5] L.R. Yakupova, S.G. Proskurjakov, R.N. Zaripov, Sh.R. Rameev, and R.L. Safiullin. Measurement of the 
reaction rate proceeding with gas absorption or gas evolution. Butlerov Communications. 2011. Vol.28. 
No.19. P.71-78. ROI: jbc-02/11-28-19-71 

[6] R.N. Zaripov, R.L. Safiullin, Sh.R. Rameev, I.R. Akhunov, V.D. Komissarov. Kinetics and mechanism 
of the initial period of sulphoxidation of n-decan. Kinet. Catal. 1991. Vol.31. No.5. P.1086-1091. 
(russian) 

[7] E.T. Denisov, I.B. Afanas’ev. Oxidation and Antioxdants in Organic Chemistry and Biology. Boca 
Raton: FL: CRC Press. Taylor and Francis Group. 2005. 981p. 



THE QUANTITATIVE ANALYSIS OF THE ANTIOXIDANTS ANTIRADICAL ACTIVITY ON THE EXAMPLE… __ 30-37 

©Бутлеровские сообщения. 2018. Т.56. №12. _____________ E-mail:  journal.bc@gmail.com _______________ 31  

[8] A.F. Moroni. Über den einfluß des lösungsmittels beim thermischen zerfall des azoisobuttersäuredinitrils. 
Makromol. Chem. 1967. Vol.105. No.6. P.43-49. 

[9] G. Henrici-Olive, S. Olive. Lösungsmittel effekte bei der radikal polymerisation I. Beeinflussung der 
startgeschwindigkeit bei der polymerisation von styrol mit AIBN als initiator. Makromol. Chem. 1962. 
Vol.58. No.1. P.188-194. 

[10] E.T. Denisov. Konstanty skorosti gomoliticheskikh zhidkofaznykh reaktsii (Rate Constants of Homolytic 
Liquid-Phase Reactions). Moscow: Nauka. 1971. 712p. (russian) 

[11] E.T. Denisov, V.V. Azatyan. Ingibirovanie tsepnykh reaktsii (Inhibition of Chain Reactions). 
Chernogolovka Moscow oblast: Inst. Fiz. Khim. 1997. 266p. (russian) 

[12] V.F. Tsepalov. Issledovanie sinteticheskikh i prirodnykh antioksidantov in vitro i in vivo (In vitro and 
in vivo studies of synthetic and native antioxidants). Moscow: Nauka. 1992. P.16-26. (russian) 

[13] E.T. Denisov, V.V. Kharitonov, V.V. Fedorova. The method of transformation of kinetic curves as a 
way to assess the effectiveness of the oxidation inhibitors. Kinetika i kataliz. 1975. Vol.16. No.2. P.332-
340. (russian) 

[14] E.T. Denisov. Novye empiricheskie modeli reakcij radikalnogo otryva. Uspexi Ximii. 1977. Vol.66. 
No.10. P.953-972. (russian) 

[15] E.T. Denisov, and T.G. Denisova. Method for estimating the reactivity of oxidation inhibitors of acrylic 
acid. Butlerov Communications. 2010. Vol.23. No.15. P.1-10. ROI: jbc-02/1-23-15-1 

[16] T.G. Denisova, E.T. Denisov. Estimation of the O-H bond dissociation energy from kinetic data for 
hydroperoxides with functional groups. Pet. Chem. 2004. Vol.44. No.4. P. 250-255. (russian) 

[17] D. Loshadkin, V. Roginsky, E. Pliss. Substituted p-Hydroquinones as a Chain-Breaking Antioxidant 
During the Oxidation of Styrene. Int. J. Chem. Kin. 2002. Vol.34. No.3. P.162-171. (russian) 

[18] E.M. Pliss, R.L. Safiullin, S.S. Zlotskii. Inhibited oxidation of unsaturated compounds: Kinetics, 
mechanism and structure-reactivity relation. Saarbrücken, Germany: LAP. 2012. 140p.  


