
 
Thematic Section: Quantum-Chemical Research. ______________________________________________ Full Paper 
Subsection: Organic Chemistry.                                                     The Reference Object Identifier – ROI: jbc-01/20-63-7-133 

Kazan. The Republic of Tatarstan. Russia. _________ © Butlerov Communications. 2020. Vol.63. No.7. _________ 133 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/20-63-7-133 
Submitted on June 20, 2020. 

 

DFT study of elementary acts of supercritical water oxidation  
by the example of the catalytic reaction of radical water  

dissociation with the participation of model cluster Fe4O6 
 
© Alexandre I. Kourdioukov,1,2*+ Farid M. Gumerov,1* Asia R. Gabitova,1 Zufar I. Zaripov,1 

Almaz U. Aetov, 1 Vladimir G. Uryadov,2 Evgeny N. Ofitserov,3 and Aynur F. Mingaliev1  
1 Department of Theoretical Foundations of Heat Engineering. Kazan National Research Technological 

University. K. Marx St., 68. Kazan, 420015. Republic of Tatarstan. Russia.  
Phone: (843) 231-42-11. E-mail:  butlerov@mail.ru 

2 Butlerov Scientific Foundation. Bondarenko St., 33-44. Kazan, 420066. Republic of Tatarstan. Russia.  
E-mail: vguryadov@mail.ru 

3 Department of Chemistry and Technology of Biomedical Preparations. Faculty of Chemical Pharmaceutical 
Technologies and Biomedical Preparations. D.I. Mendeleev Russian University of Chemical Technology. 

Miusskaya Sq., 9. Moscow, 125047. Russia. Phone: +7 (495) 978-32-61. E-mail: ofitser@mail.ru 
__________________________________ 
*Leading direction; +Corresponding author 

Keywords: cluster Fe4O6, radical water dissociation, supercritical water oxidation, molecular oxygen 
3O2, propylene glycol, reaction mechanisms, elementary acts, DFT method. 
 

Abstract 
This report details aspects of the reactivity of the products of catalytic dissociation of water as applied 

to the description of the nature of supercritical water oxidation and other oxidative SCF processes in 
general. It has been shown quantum chemically that the products of thermodynamically nonequilibrium to 
one degree or another dissociation of water on the surface of a model Fe4O6 cluster of different multiplet 
nature can act as effective agents for interaction with atmospheric oxygen and organic compounds. The 
antiferromagnetic forms of iron oxides can actively participate in radical reactions. It is shown using a 
model cluster Fe4O6  as an example. The radical reactions are able to easily change their multiplet state by 
simple chemisorption of 3O2 on their surface. In combination with the ability of water to dissociate on the 
model Fe4O6 cluster by the ionic type, the latter can easily transform into a triplet system, which, 
accordingly, leads to the emergence of an equilibrium biradical water dissociation formally even at room 
temperature. Hydrate-oxygen interactions on the surface of the Fe4O6 cluster lead to the generation of either an 
extremely reactive iron-hydroperoxide complex or a hydroperoxyl radical capable of conducting oxidative 
processes under SCF conditions in the volume of the corresponding fluid. 

It is shown the dissociative chemisorption of a water molecule on a Fe4O6 cluster in a triplet state 
(initiated, for example, by chemisorption of 3O2), in contrast to the heterolytic dissociation of water (whose 
thermodynamic equilibrium is shifted towards the molecular form of water), is practically a thermodynamically 
equilibrium process. It is this fact allowed us to consider the hydride-hydroxyl form of the Fe4O6 triplet cluster as 
one of the real agents for the oxidation of propylene glycol by the example of its first stage of catalytic 
dehydrogenation.  
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