
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Thermodynamic Calculations to Determine the Optimal
Composition of Oxide Catalysts
Pavel A. Gushchin,*[a] V. A. Lyubimenko,[a] E. V. Ivanov,[a] S. I. Kolesnikov,[a] D. A. Petrova,[a, b] V.
A. Vinokurov,[a] and I. M. Kolesnikov[a]

Thermodynamic calculations of the optimal compositions of

oxide catalysts with different natures are performed based on

the theory of catalysis by polyhedra. The obtained compositions

of the active catalysts agree with experimental data. The

electrostatic potential generated by polyhedra of metal-oxide

catalysts in a variety of directions is calculated. The dependence

of the sign and magnitude of the potential on the distance

from the central metal ion towards the vertex of the polyhe-

dron, the middle of its edge or the centre of the face is

estimated. It is assumed that the magnitude of the potential

can serve as a reference point for determining active centres,

which produce adsorption complexes and intermediate com-

pounds.

1. Introduction

&&Please give first names and academic titles for all authors

&&Currently, among the prospective areas of fundamental

science, researchers’ attention is increasingly attracted by

catalysis.[1,2] The solution of many scientific, technological, and

environmental issues is directly related to catalytic technolo-

gies. The basis for the development of this scientific field is

fundamental research based on existing theories of cataly-

sis.[2,3,4] One of the most prospective theoretical directions in the

study of catalytic processes is the modern theory of catalysis by

polyhedrons.[5,6,7] The application of this theory enables pre-

diction and optimization of the composition and structure of

catalysts, the state of the active centres, to forecast the

mechanisms of catalytic reactions.

The three basic rules of the theory of catalysis by

polyhedrons was formulated based on the General Quantum

Chemical Principle using the theory of groups and quantum-

chemical calculations for the process of chemisorption of

hydrocarbon and other molecules. The theory of catalysis by

polyhedrons asserts that the activity of solid catalysts depends

on the nature, structural state and symmetry of the polyhedron.

The highest catalytic and adsorption activity belongs to the

polyhedron with the smallest coordination numbers of cations

in the polyhedron, the optimal oxidation degree and increased

asymmetry. Metal oxide polyhedrons exist in the catalyst crystal

lattice in the form of the “island” structure. On the catalyst

surface, such polyhedrons are oriented to the outside by edge

or face for higher availability of reagents to the cation.

As is well-known, the solid catalyst has various modifica-

tions, the crystal lattice of which contains combinations of a)

only tetrahedrons (zeolites) or tetrahedrons and octahedrons

(g-alumina); b) trigonal bipyramids and tetrahedrons, trigonal

bipyramids and octahedrons; and c) octahedrons and tetrahe-

drons or only octahedrons. The activity of a solid catalyst in the

transformation reactions of organic and inorganic compounds

will considerably differ depending on its crystal modification.

The theory of catalysis by polyhedrons explains the difference

in activity of solid catalysts with various polyhedral struc-

tures.[5,8,9] This theory enables not only identification of the

nature, composition and structure of an active polyhedron in

the lattice of a solid catalyst but also calculation of the optimal

catalyst composition, coinciding with the experimental data,

using methods of thermodynamics, quantum chemistry, and

differential and integral calculus. Usually, the selection of

catalysts for chemical reactions is performed either experimen-

tally by examining different types of substances or on the

theoretical data basis. In this paper, application of the modern

theory of catalysis by polyhedra for optimizing the composition

of metal oxide catalysts is proposed.

Currently, to study the structure of catalysts, catalytic

systems, and mechanisms of catalytic reactions, quantum-

chemical and thermodynamic methods are widely used. In one

such work,[10] high catalytic activity of the complex of the new

dibenzo-18-crown-6 ether with KF in the reaction of fluorination

of organic compounds was discovered using combined semi-

empirical and ab initio quantum chemical calculation methods.

In a paper by Finashina and co-workers,[11] thermodynamic

calculations were performed to determine the activity and

mechanism of the Mn/TiO2 catalysts containing transition metal

oxides in the reaction of selective reduction of nitrogen oxides

with ammonia. Thermodynamic calculation studies showed

that the activity of these catalysts is consistent with the ability
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